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Abstract. The prediction of electricity sale market is directly related to the balance of 

electricity supply and demand. The high-precision prediction method of electricity sale market 

will effectively avoid the imbalance of system supply and demand, and improve the security 

and economy of the system. In the past, it was difficult to obtain the information of users' 

electricity consumption, so the prediction methods of electricity sale market in the past were 

based on the overall electricity sale. The advantage of this method is that it can get the forecast 

value of the future electricity sales quickly and intuitively, while the disadvantage is that it fails 

to consider the electricity development trend of all walks of life that compose the electricity 

sales in detail. 

1. Overview 

The prediction of the electricity sale market is directly related to the balance of electricity supply and 

demand. The high-precision prediction method of electricity sale market will effectively avoid the 

imbalance of system supply and demand, and improve the security and economy of the system [1]. In 

the past, it was difficult to obtain the information about users' electricity consumption, so the 
prediction methods of electricity sale market in the past were based on the overall electricity sale. The 

advantage of this method is that it can get the forecast value of the future electricity sales quickly and 

intuitively, while the disadvantage is that it fails to consider the electricity development trend of all 
walks of life that compose the electricity sales in detail [2-5]. In the massive power consumption 

information environment, it is possible to start from the bottom-up, starting from the development law 

of each user's power consumption, pack and cluster users with similar power consumption 
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characteristics, find the best prediction model for each type of user's power consumption, and finally 

get more accurate overall power sales prediction value[6]. 

Based on a large number of user electricity consumption data, this chapter will analyse the power 
consumption characteristics of users in different industries and different scales; design reasonable 

criteria to achieve clustering of users with similar power consumption characteristics; analyse the 

sensitivity of each type of user's power consumption to factors such as electricity price, national 
economic development, season and weather, and find out the correlation between the above factors 

and each type of user's power consumption. After a large number of user information resources are 

subdivided into market segments and formed into the smallest particles of prediction, the best 

prediction model is sought to realize the personalized prediction of different user groups, and the most 
appropriate prediction model for each type of user is developed. 

2. Analysis of power consumption characteristics of users with different scales in different 

industries 

Based on the collected power consumption data of users and related technologies used in power 

consumption data management system, the power consumption characteristics of users in different 

industries and scales can be analysed. As shown in figure 1, the load rate zoning map of 50 typical 
users is divided into four categories by monthly average load rate of 0.4, 0.6 and 0.8, and then further 

divided into seven categories by "standard deviation of load rate / monthly average load rate = 0.1". 

In the figure 1, the horizontal axis is the monthly average load rate, the vertical axis is the standard 

deviation, and the blue circle represents each user. It can be seen that A / C / D / F has a large number 
of users in its categories, while B / E / G has a small number of users in its categories. The following 

describes the basic characteristics of various users: 

 
Figure 1. 50 typical user categories 

A: This category is dominated by textile and high-tech industrial companies., with high load rate, 
stable load curve shape and small change in different days; 

B: There is only one user in this category, which is Electronic Technology Co., Ltd. with high load 

rate, unstable load curve shape and large change in different days; 

C: This kind of users are represented by steel / material / metallurgy, with medium load rate, stable 
load curve shape and small change in different days; 

D: This kind of users are represented by cement / steel / metallurgy, with medium load rate, 

unstable shape of load curve and large change in different days; 
E: There is only one such user, which is a special marine plate Co., Ltd. with low load rate, stable 

load curve shape and small change in different days; 

F: This kind of users are represented by cement / steel / machinery manufacturing, with low load 
rate, unstable shape of load curve and large change in different days; 

G: This kind of users are represented by steel / machinery manufacturing, with extremely low load 

rate, unstable load curve shape and large changes in different days; 

From the above analysis, it can be seen that the load curve characteristics of users in textile and 
high-tech industries are stable, with little change in different days and high predictability; while the 

load curve of users in iron and steel / metallurgy / machinery manufacturing industries fluctuates 
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greatly, and the difference between users in the same industry is also large, among which the load 

curve of some users (c) is relatively stable, and the daytime characteristics change little. The 

predictability is high, while the load curve of other users (d) is relatively stable, with large changes in 
daytime characteristics, which has certain predictability. There are also individual users (e.g. E / F / g) 

whose load curve fluctuates greatly, and is unstable between different days, which makes the 

prediction difficult. 
The time delay analysis diagram of the above 7 types of typical users is drawn as follows: 

 

Figure 2. Delay analysis of typical users 

3. Analysis of the relationship between different types of users' electricity consumption and 

related factors 

It is not difficult to find from figure 3 that the daily electricity change characteristics of users which is 

belong to the class A have significant weekly fluctuation characteristics, in a week, it will occur the 

whole cycle of which electricity rising to the peak and then falling to the bottom. The annual 
electricity change consists of dozens of such fluctuation periods, including several holidays. During 

the holidays, the electricity of class A users will decline significantly, forming a step-by-step decline 

feature. 

 

Figure 3. Daily electricity change curve of class A users 

From figure 4, it can be seen that the weekly electricity change of class A users has been relatively 
stable, and its fluctuation is mainly affected by seasonal factors and holiday factors. For example, in 

summer, its electricity has increased significantly, and during the Spring Festival and national day, its 

electricity has decreased significantly. 

Figure 5 shows the monthly electricity change curve of class A users. The monthly electricity 
change is relatively stable. In February (Spring Festival) and October (National Day), the electricity 

decreases, while in summer, the electricity increases. 
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4. Forecasting model of electricity sale market based on user's electricity consumption 

information 

 

Figure 4. Weekly electricity change curve of class A users 

 

Figure 5. Monthly electricity change curve of class A users 

According to the characteristics of large amount of electricity, different personalities and industry 
dominance of users, it is necessary to design reasonable criteria to realize the clustering of users with 

similar electricity consumption characteristics and the same industry [7-8]. After a large number of 

user information resources are subdivided into market segments and formed into the smallest particles 

of prediction, the best prediction model is sought to realize the individualization of prediction of 
different user groups, and each type of user is customized. Determine the most appropriate prediction 

model for electricity sales. 

In this section, the idea of personalized user load forecasting based on decision tree is proposed. 
The core idea is to use decision tree method to build targeted load forecasting models and strategies 

for users with different load characteristics, so as to achieve high-precision user load forecasting. 

Specifically, for users with stable electricity consumption patterns such as electronics, shipping and 

textile, the typical electricity consumption patterns can be extracted directly through data mining, and 
then the prediction method can be selected according to the number of patterns; for users with large 

fluctuation in industries such as steel, metallurgy and non-ferrous metals, the load presents zigzag 

fluctuation characteristics, which needs to be firstly In order to improve the stability and regularity of 
the load, the frequency domain processing method is used to eliminate the fluctuation components, 

and the prediction is based on the remaining stable components. 

4.1. Segmentation of user information resources based on decision of fluctuation component 
Firstly, the user load fluctuation component is identified to determine whether the sawtooth fluctuation 

is significant. If it is significant, it will enter the wave component extraction phase, and then carry out 
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power consumption mode mining; if it is not significant, it will directly enter the power consumption 

mode mining phase. 

The wave component identification method is wavelet packet decomposition method, through 
which the sawtooth wave can be adaptively eliminated. The removal effect is shown in figure 6: the 

blue curve is the original load curve of a certain day for a steel user, the orange curve is the smooth 

quantitation after the wavelet packet decomposition and the gray is the sawtooth wave component 
eliminated. The three are subject to the following equation: 

Original smooth curve = Smooth component + Sawtooth wave component 

 
Figure 6. Denoising effect of wavelet packet decomposition 

It can be seen that after wavelet packet decomposition, the load curve becomes very smooth and 
the predictability is greatly enhanced. The prediction method based on smooth component can 

significantly improve the prediction accuracy. 

4.2. Mining and forecasting method with electricity mode 

The most direct and significant factor affecting the user load is the production and living plan of the 
user [9]. However, it is difficult for grid enterprises to get the specific information of production and 

living plan from the enterprise. The method of big data mining provides an effective way to solve this 

problem. We can carry out data mining on the user's historical load, so as to extract the user's power 
consumption mode, and establish a forecasting method based on the power consumption mode to 

achieve accurate user load forecasting. 

4.3. Short term load forecasting method based on electricity consumption pattern mining 

This method is suitable for user load with moderate number of modes, Statistics are made according to 
the order in which the historical power consumption modes appear, the state transition matrix of the 

model can be obtained by using the method of statistical decision. According to this matrix, the power 

consumption mode of users in the day to be predicted is determined. Then the load curve of the same 
day mode is exponentially smoothed to predict the load on the forecast day. The calculation steps of 

the algorithm are as follows: 

1. Using hierarchical clustering (unsupervised clustering) to cluster historical load, generate a 

typical set of power consumption modes 𝐴 = {1,2, ⋯ , 𝑖, ⋯ , 𝑁}, And get the production mode of each 
historical day. 

2. According to the identification results of user's historical daily production mode, generating state 

transition matrix of M, The matrix records the condition that the reference daily power consumption 
mode which is fixed to i, The daily electricity consumption mode to be predicted is subject to the 

probability of 𝑀𝑖𝑗  which is from typical production mode 𝑗(𝑗 = 1~𝑁), Based on base date 𝑢0  and 

production mode i, and it could determine the production mode 𝑀𝑖𝑘(𝑀𝑖𝑘 = 𝑚𝑎𝑥( 𝑀𝑖1, 𝑀𝑖2, ⋯ , 𝑀𝑖𝑁)) 

with the maximum transfer probability, That is, the most likely production mode on the day 𝑟0 to be 

predicted. 
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3. Select the historical days of which all power consumption modes is k from the historical 

days{𝑟1, 𝑟2, ⋯ , 𝑟𝑛}, The smaller the subscript, the closer to the date 𝑟0 to be predicted, the nearest is 𝑟1, 

and the farthest is 𝑟𝑛. 
4. Smooth weight of index is obtained according to the distance between historical daily load and 

forecast day 𝑟0, The closer to the date to be predicted, the greater the weight, weight 𝑤𝑙 is as follows: 

𝑊𝑙 = 𝛼(𝑎 − 1)𝑙−1    𝑙 = 1,2, … , 𝑛                                            (1) 

5. The daily load curve 𝑃𝑟0
 to be predicted is obtained by summing the historical daily load curve 𝑟𝑙 

with weighting 𝑊𝑙. 

𝑷𝑟0
= ∑ 𝑤𝑙𝑷𝑟𝑙

                                                             (2) 

𝑃𝑟𝑙
 is the load curve of 𝑟𝑙. 

5. A case study of user pattern mining prediction model 

In order to analyse the advantages and disadvantages of the prediction method of electricity pattern 

mining, we compare it with the latest day prediction method, the latest three days prediction method 

and SVM prediction method. The basic principles of these methods are briefly described as follows: 
Last day forecast method: the inertia of user load is small, and the daily load is usually the most 

similar to the load of the previous day, so the load of the previous day can be used as the forecast 

value directly. 
Last three days forecast method: this method is an extension of the last three days forecast method. 

The load of the last three days is smoothed to get the forecast value. 

SVM prediction method: SVM, also known as support vector machine, has very strong nonlinear 

modelling ability and adaptive prediction ability. The user's historical load is taken as the input data, 
and the daily load to be predicted is taken as the output data to form the "input-output" data pair. A 

large number of input-output data pairs are used to train SVM model, which can be predicted after 

training. 
Using the above four methods, the load curve of each day of a month is predicted continuously for 

50 typical user loads which sampled from A Province. As shown in figure 7, the horizontal axis is the 

user ID, the vertical axis is the prediction error value CMAPE, the Yellow curve is the prediction error 
of the pattern mining prediction method, and the blue, orange and gray are the error of the latest day 

prediction method, the latest three days prediction method and SVM prediction method respectively. 

 

Figure 7. Short term load forecasting error of users 

For each user, the prediction accuracy of the four methods is sorted to find the best prediction 
method. The proportion of each prediction method is the optimal prediction, as shown in Table 1. It is 

not difficult to find that the proportion of pattern mining prediction method is as high as 52.00%, 

which shows that for more than half of users, the effect of pattern mining prediction method is the best. 
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Table 1. Proportion of optimal prediction 

Method Best forecast share 

Last day forecast 10.00% 

Last three days forecast 20.00% 

SVM prediction 18.00% 

Pattern mining prediction 52.00% 

The average accuracy of the four methods is calculated. As shown in Table 2, the accuracy of the 

model mining prediction method is 93.51%, which is 0.49% higher than that of other methods on 
average. 

Table 2. Comparison of average prediction accuracy of methods 

Method 1-CMAPE 

Last day forecast 93.01% 

Last three days forecast 93.14% 

SVM prediction 92.91% 

Pattern mining prediction 93.51% 

6. conclusion 

Based on a large number of user electricity data, this paper analyses the power consumption 

characteristics of users in different industries and scales. Through the design of reasonable user 

electricity behaviour criterion, the clustering of users with similar electricity consumption 

characteristics can be realized. On this basis, the sensitivity of each type of user's electricity 
consumption to electricity price, national economic development, season, weather and other factors is 

analysed, and the relationship between the above factors and each type of user's electricity 

consumption is found. After a large number of user information resources are subdivided into market 
segments and clustering of users with similar electricity consumption characteristics is realized, an 

appropriate electricity sales forecasting model is designed for different types of users. 
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