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Abstract: The current real-time pricing mechanism cannot effectively reward and punish the change of electricity consumption behavior fairly, which greatly reduces the enthusiasm of users to participate in the demand
response. This paper proposes a method to divide virtual energy communities by considering the flexibility
and heterogeneity of residential electricity consumption, On this basis, a real-time electricity pricing mechanism based on community division is proposed. Finally, the model was verified by the family resident user.
The simulation results show that the real-time electricity pricing mechanism based on community division
can effectively reduce the difference between users. In addition, the machine can also allow consumers to
adjust their electricity behavior in real time according to the price signal in the power market, which can help
residents to develop good electrical usage.
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1

Introduction

Demand response is one of the solutions of demand side management in modern power grid environment, which
plays an important role in maintaining the stable operation of power grid and guiding consumers to change the power
consumption mode to achieve the purpose of efficient power consumption. Price response is the core of demand response.
Scholars at home and abroad have done extensive research on price - based demand response. China does not have the
conditions to implement real-time electricity price, and the widely used time-of-use electricity price mechanism can not
effectively meet the goal of demand response, so it is necessary to put forward a new electricity price mechanism can
real-time adjust the user’s behavior, to ensure the stable operation of the power grid [1].
Due to the differences in geographical location, education level, economic level and other factors, residential users
have significant differences in their attitudes towards electricity consumption. However, real-time electricity price treats
all residential users equally, and the heterogeneity among users makes users unable to be treated fairly [2]. Therefore,
dividing users with similar characteristics into the same community can effectively narrow the differences among users,
and giving fair subsidies can help mobilize the enthusiasm of users to participate in demand response. In the calculation
of subsidies, a lot of literature is to use electric power credit mechanism. Sun et al. proposed a new virtual real-time
electricity price scheme based on end-user benefit and comfort is proposed, and a credit mechanism model is established,
but the heterogeneity of users is not considered in the model [3]. Chen et al. put forward the concept of power creadit
with rewards and punishments, and adopted the incentive based demand response mechanism to help consumers adjust
their electricity consumption patterns [4]. Therefore, we proposed a real-time electricity pricing mechanism based on
community division and quantified the contribution of community participation in demand response by adopting a power
credit system, aiming to further narrow the differences among users and improve their enthusiasm to participate in demand
response. We believe that the proposed model can provide theoretical reference for real-time price makers.
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2

Establishment of system model

Let’s assume that there is a smart grid system that provides electricity for residential users, and there are N residential
power users. Suppose each residential user is equipped with a smart meter, and the day is divided into 24 hours, each hour
is divided into one time interval. The system block diagram of real-time electricity price mechanism based on community
division is shown in Figure 1.

Figure 1: System framework.

2.1

Division of the virtual energy community

In light of the unfairness in real-time electricity prices, it is necessary to divide users into communities based on
their consumption behavior and ensure that each user is effectively rewarded or punished. In this paper, N users were
divided into communities considering five indicators, namely, flexibility of electricity consumption, family income, family
 size, age of head of household and family environmental awareness. Its community group is denoted as C =
c1 , c2 , ..., c|c| . Then the vectors of users i and j can be respectively expressed as xik = (xi1 , xi2 , xi3 , xi4 , xi5 ),
xjk = (xj1 , xj2 , xj3 , xj4 , xj5 ). Users are divided into different communities by K-means clustering algorithm, so the
distance measurement used to represent users i and j is expressed as follows:
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where sk is the standard deviation of the component, where m is equal to 5, alpha is equal to 0.7.
The goal of building a virtual energy community is to divide consumers into different communities, so that consumers
in the same community are similar to each other. The similarity index is expressed by the distance measure of the above
formula. The distance measure between consumers constitutes the input value of the similarity matrix, and then consumers
are grouped into predefined clusters by clustering technology

2.2

Objective function

The goal of the model is to maximize the sum of all users’ utilities and community costs within each community.
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where CWct is the community welfare of community c at time t, Uit (dti , δit ) is the utility function, the function between the
satisfaction degree obtained by user i and the electricity consumption, and Ect is the total bill of community c. Uit (dti , δit )
and Ect are the normalized results of Uit (dti , δit ) and Ect , respectively.
Since users assigned to the same community are similar, in iteration l of each step, d(l)ti = θc d(l − 1)ti holds, and
t
d (0)c = dtc θc ∈ [0, 1] . The final output is the total bill Ect and the actual electricity consumption dtc of each community.
Then the bill of each user participating in community c is:
Eit = P

dti

t
i∈c di

2.2.1

Ect .

(5)

User utility function

In a power grid system, utility function is used to measure the satisfaction of power users when they consume a certain
amount of power. Different types of consumers have different degrees of response to electricity demand. When users
participate in the power demand response, they need to change the existing electricity consumption mode, but the change
of electricity consumption mode will also affect the comfort of users. The utility function of user i is expressed as follows
[5]:



Uit dti , δit = −δit dti − dti ,
(6)
where δit is used to represent different users and time preferences, and to measure the degree to which the user deviates
from the expected power consumption behavior. dti represents the expected electricity consumption of the user, and dti
represents the actual electricity consumption of the user. It is not difficult to find that the utility function of user i reaches
the maximum when dti = dti .
2.2.2

Community cost function

The actual total bill for community c in time period t is:
credittc
Rt ,
Ect = pt .dtc − PC
t
c=1 creditc

(7)

where pt is the energy price corresponding to the user’s expected electricity consumption, dtc is the total expected electricity consumption of community c, credittc is the integral of community c in time period T , and Rt represents the subsidies
provided by retailers to all communities.
2.2.3

Power credit system function

According to the total load curve of community c, it can be divided into peak time and valley time. In the credit
model, the period higher than the average load level is defined as peak time ,andvice versa. The 
peak time of the system
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average load of all users in community C, so community c gets points in peak or valley times as follows:
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Rt represents the subsidy provided by the retailer to all communities in time period t:
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Energy cost function

The retailer buys electricity from the wholesale electricity market and sells it to consumers to meet the demand of
consumers. The cost function of electricity purchased by the retailer is as follows:
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where a > 0, b ≥ 0, c ≥ 0.

3

Numerical simulation and results

MATLAB software is used to simulate and analyze the community real-time electricity price model proposed in this
paper, and it is compared with the real-time electricity price mechanism at the same time. We consider a system consisting
of N = 80 resident users with a simulation cycle of one day, i.e., 24 hours.Here, the cost function is set as a = 0.004,
b = 0, c = 0, and the virtual energy community is divided .In this paper, the flexibility of electricity consumption of 80
users per hour is simulated according to the normal life trajectory of residents and the structure of household appliances. In
combination with the literature [6], five indicators, age of head of household, family size, family income and environmental
awareness, were obtained as the basis for community division, so as to verify the effectiveness of the model.
The simulation results of real-time electricity price curve based on community division are shown in Figure 2. It can be
seen from the figure that the electricity price under this model is consistent with the electricity consumption behavior. Due
to the large number of users considered and the complex electricity consumption habits of residential users, the real-time
electricity price curve obtained also fluctuates greatly. According to the relationship between electricity price and cost, the
more electricity consumed, the higher the electricity price will be, and the less electricity consumed accordingly, the lower
the electricity price will be. As can be seen from the results, compared with the real-time electricity price, the community
real-time electricity price decreases in the peak period, and the community real-time electricity price has a more obvious
impact on residents’ electricity consumption behavior, which is conducive to guiding users to save electricity.

Figure 2: Electricity price curve before and after optimization.
The load and cost of all users before and after optimization are shown in Figure 3. The figure shows that users to
participate in the community after the real-time electricity price electricity trend has not changed, conform to the normal
residential electricity demand, and to participate in the community after the real-time electricity price has significantly
decreased in peak power consumption and cost. At 20 o ’clock of the peak, the electricity consumption decreases by
20%, and the corresponding cost decreases by 36%, indicating that the proposed model can guide the users to reduce the
electricity consumption in the peak period. It is not difficult to find that the model can also effectively reduce the peak
valley difference, which is conducive to the balance of system load.
This paper draws the cost changes of each small community before and after optimization at four points from 19
to 22, as shown in Figure 4. Taking 20 points as an example, the initial cost of Community 1 is 85.48 yuan, and the
optimized cost after participating in the community real-time electricity price is 54.71 yuan, effectively reducing the cost
by 35.9%, and the community has obtained a subsidy of 30.78 yuan .The initial cost of Community 4 is 50.02 yuan, and
the optimized cost is 35.21 yuan, reducing the cost by 29.6%. Community 4 gets a subsidy of 19.81 yuan. For other

IJNS email for contribution: editor@nonlinearscience.org.uk

J. Zhao, M. Sun: Research on Real-Time Electricity Price Based on Community Division

117

Figure 3: (a) Optimized load curve and original load curve in total community. (b) Optimized cost curve and original cost
curve in total community.
moments, the cost changes of each community are similar to those of 20 points, so it will not be introduced in detail.It is
not difficult to find that the cost of each community is significantly reduced at these times, indicating that each community
actively participates in the response and obtains power points during the peak period.

Figure 4: The cost curve of each community before and after optimization from 19:00 to 22:00.
From the perspective of users, we draw the load and cost graphs of user 10 and user 30 before and after optimization,
as shown in Figure 5 and Figure 6. After user 10 participates in community division, its electricity consumption and
cost both decrease significantly during peak hours. Before user 10 does not participate in community division, its total
cost is 23.3 yuan. After user 10 participates in real-time electricity pricing mechanism based on community division, its
optimized total cost is 15.84 yuan, effectively reducing by 32.1%. At the same time, it can be seen from the figure that the
cost reduction rates of user 10 and user 30 are almost the same at the peak, but the reduction rates of load are different at
the peak, which again shows that the individual cost is not dependent on individual behaviors, but is related to the overall
contribution of the community. User 10 also demonstrated the effectiveness of the model by comparing the results of cost
and electricity consumption before and after optimization.
In order to further verify the effectiveness of the model in this paper and reflect the fairness of the pricing mechanism,
we use standard deviation as an indicator to measure the differences among users. In this paper, five indicators are used
as the criteria for community division, and the standard deviation formula under the five indicators is as follows:
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Figure 5: Optimized curve and original curve of user 10.

Figure 6: Optimized curve and original curve of user 30.
Table 1: The standard deviation after community division at 20 points
Standard deviation
Before divide community
All users
0.026727266
community 1
0.014045448
community 2
0.006539889
community 3
0.021775277
community 4
0.004981937
community 5
0.022872593
After divide community
community 6
0.007561064
community 7
0.020249447
community 8
0.024186651
community 9
0.010187286
community 10
0.007574801

After calculation, the standard deviation of all users before community division is about 0.0267. After community
division, the standard deviation of each community decreases to different degrees compared with that before community
division. This paper takes 20 points as an example, and the standard deviation of each community after community
division is detailed in Table 1. After community division, the standard deviation of each community is reduced compared
with that before community division, and the standard deviation among communities is also different, indicating that
community division reduces the differences among users, which is more conducive to community fairness. From this
perspective, it also proves the effectiveness of the model.

4

Conclusions

This paper proposes a method to classify virtual energy communities by considering five indicators: user flexibility,
age of household head, family income, family size and environmental awareness. On the basis of this, the real-time
electricity pricing mechanism based on community division is proposed. By using the power credit system to quantify
the contribution of the community’s participation in the demand response, the optimization goal of maximizing the total
utility of each community and the cost maximization of the general association area is constructed. Finally, the model was

IJNS email for contribution: editor@nonlinearscience.org.uk

J. Zhao, M. Sun: Research on Real-Time Electricity Price Based on Community Division

119

verified by the family resident user. The simulation results show that the real-time electricity pricing mechanism based
on community division can effectively reduce the difference between users, and the benefits can be distributed fairly and
the cost is reduced effectively. In addition, the machine can also allow consumers to adjust their electricity behavior in
real time according to the price signal in the power market, which can help residents to develop good electrical usage.
Although part of the data in this paper are obtained from the survey of Jiangsu Province, the effectiveness of the model
is proved by simulation analysis, so it provides some references for decision-makers to make real-time electricity price in
the future.
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