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Abstract. Because the traditional coal-fired heating mode consumes a lot of
energy and is harmful to the environment, it produces a clean heating mode
using electric energy, which is realized by energy storage heating equipment.
The operation of energy storage heating equipment needs to be planned
according to the electricity characteristics of clean heating. Therefore, a method
based on large data model is proposed to integrate the electricity characteristics
of clean heating using Hadoop platform. Then, according to the integrated data,
the electricity load characteristics, electricity consumption characteristics, elec-
tricity consumption cycle characteristics and regional characteristics are iden-
tified to complete the electricity characteristics of clean heating. Farewell.
Through experimental demonstration, it is proved that this method can effec-
tively identify the electrical characteristics of clean heating and accurately
predict the future heating data.

Keywords: Clean heating � Electricity forecasting � Seasonal cycle � Electricity
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1 Introduction

Energy is the lifeblood of the national economy in modern society. Any resident and
industrial activities can not do without the support of energy supply. Nowadays,
China’s energy production and consumption are increasing rapidly with the develop-
ment of economy and society. The problems of backward energy structure, unrea-
sonable energy utilization mode, over-reliance on fossil fuels and low energy utilization
rate caused by rapid growth are becoming increasingly prominent [1]. Traditional coal-
fired heating mode has a huge demand for coal mining, while coal-fired produces waste
gas, which greatly aggravates environmental pollution. Therefore, clean heating has
been respected. Electric energy storage heating equipment uses grain power or wind
power to heat solid regenerator. The temperature reaches 750 °C. Heat is stored
through insulation materials. When the fan is heated, the heat in the regenerator is
blown out, and the water is transferred through the heat exchanger, and then through
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the heating pipeline to the resident’s home [2]. This method has no emissions, no
pollution, and achieves clean heating.

Under the background of environmental protection concept and realistic energy
problems, this clean heating mode is worth being fully implemented. The operation
method of energy storage heating equipment needs to be designed in detail according to
the heating and electricity characteristics. Since the concept of big data was put forward,
domestic research has been in full swing. In theory, the concept, technology and appli-
cation of big data have gradually formed a scientific, systematic and industrialized
research system. In terms of theoretical system, the analysis of large data ismainly divided
into five aspects: visual analysis, data mining algorithm, predictive analysis ability,
semantic engine, data quality and data management [3]. Therefore, a large data model
platform was born. This paper uses Hadoop platform based on big data model to integrate
the characteristic data of clean heating data, and then analyses the characteristics of clean
heating data, so as to provide a reasonable scheme for the allocation of energy storage
heating equipment, and ensure that the clean heating mode achieves the optimal
technology-economy ratio, the best sustainable development, the greatest economic
benefit, the most reliable power supply and the best environmental protection [4].

2 Electricity Characteristic Recognition of Clean Heating
Based on Large Data Model

2.1 Feature Recognition Data Integration

Before identifying the characteristics of clean heating electricity data, it is necessary to
collect the electricity data, which often comes from different data sources, including
databases, data warehouses and documents. At this time, it is necessary to integrate the
data, that is, data integration. Because an attribute of an object may have different
names in different databases, data integration may lead to inconsistencies and a large
number of redundant data. So data integration can improve data quality better, reduce
the occurrence of redundancy of result data sets and inconsistency of entity names, and
improve the accuracy of data in the mining process [5]. At present, data integration still
has the following problems.

Entity recognition. The same attribute in the clean heating data may have different
attribute names in different databases, which may involve entity recognition in data
integration. Generally, metadata can be used to avoid entity recognition problems that
may arise in data integration.

Redundant data. Redundancy is a common problem in data integration. The
main situation of data redundancy includes repeated occurrences of the same attribute
value and duplication caused by inconsistent naming of the same attribute. Relevance
analysis can be used to detect whether the attribute is redundant.

Numeric conflicts. The actual power consumption data may be stored in different
measurement units because of different storage scenarios. For example, the time in a
power data set may be 12 h in one system and 24 h in another system. If these two sets of
data are integrated together, there will be a numerical conflict. For such numerical
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conflicts, normalization and other operations can be used to remove the impact of unit
conflicts.

In view of the problems that may arise in the above data, Hadoop platform is
selected for data processing. Hadoop is a distributed system infrastructure developed by
Apache Foundation. It has high throughput and fault tolerance, and solves the problem
of huge amounts of clean heating and power data. The Hadoop software framework is
implemented in Java language, which supports cluster operations of thousands of data
computing nodes and data processing at PB level [6]. Hadoop is composed of several
independent systems, which are interdependent and constitute the whole of
Hadoop. The operation of Hadoop platform system is shown in Fig. 1.

MapReduce is a distributed computing framework with many data analysis com-
ponents. Hive is a data warehouse that can provide a query language similar to SQL. It
converts SQL to MapReduce and executes on Hadoop. It can be used for offline
analysis. Pig is a data stream processing framework. Mahout is a data mining algorithm
library. It mainly implements some classical algorithms in machine learning field,
which can help designers build effective models better. HBase is a column-oriented
database, which uses Google’s BigTable data model and enhanced coefficient ranking
mapping table. In order to facilitate the unified management of clusters, a distributed
collaboration service Zookeeper is used. Sqoop is a data synchronization tool. It is
mainly used to transfer data between traditional database and Hadoop. Its essence is
MapReduce program. Flume is an open source log collection system [7, 8].

The data analysis platform in this paper uses four Aliyun servers to build Hadoop
cluster. The Hadoop version is Apache version of Hadoop 2.6.4. The server system is
Centos 6.5, 64-bit operating system, single-core CPU. The memory of each server is
1G, and the size of hard disk is 40G. The high availability architecture of Hadoop is
used to ensure the stability of the data processing cluster. When the primary node has
problems, the standby nodes can be activated to ensure the normal operation of the
cluster.

First, the host name is changed to the host name that receives heating and power
data, and then Java files are installed on each server to define the configuration envi-
ronment variables. Then configure password-free login, install SSH for each server, so
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Fig. 1. Hadoop platform system operation diagram
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that password-free communication between each host, and synchronize the time to
ensure that the cluster time is consistent. Download hadoop.2.6.4. tar.gz, copy the
compressed package to the same location on each server and decompress it. Then we
begin to configure Hadoop. The data files in the etc./hadoop directory of the Hadoop
folder are XML edited, and the editing process is shown in Fig. 2.

Because of the huge amount of data of clean heating power, the time of collecting
and processing data by other methods is long and the workload is too large, so the
Hadoop method can also save the time needed for data loading and improve the
performance of data warehouse construction. In the process of data integration, based
on the detailed understanding of power consumption data, index is used to improve the
performance of analysis and query, and index the column attributes often involved in
query in dimension tables and fact tables, which further improves the performance of
data analysis. Considering the data warehouse based on Hive, data analysis is carried
out in the form of MapReduce, so the number of Map and Reduce can be set to ensure
high performance in the process of data integration.

After integrating the data of clean heating power consumption, the identification of
the characteristics of clean heating power consumption is gradually completed by
acquiring the corresponding identification data. The identification of electric charac-
teristics of clean heating includes: identification of electric load, identification of
electric consumption, periodic identification of electric consumption, identification of
regional characteristics and so on. Through the interpretation of data, the identification
of electric characteristics of clean heating is carried out.

Configuration file
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Yarn-site.xml

Fairscheduler.xml

Mapred-site.xml

Hadoop-env.sh

Fig. 2. Electricity data XML chart
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2.2 Identifying Electric Load

In the process of clean heating and power consumption, there is a certain rule that the
power consumption of heating and power changes with time, which can be described
by the change of power load with time [9, 10]. According to the different time periods,
the load curve can be divided into daily load curve, weekly load curve, monthly load
curve and annual load curve. The identification of power load characteristics is an
important index for power supply side planning and management. By acquiring load
data and identifying load characteristics, the index data of load characteristics of
demand are shown in Table 1.

Among them, the calculation methods of various characteristic indexes of electric
load are as follows:

Load rate (ratio of average load to maximum load) = heating power average load
(KW)/heating power maximum load (KW)] * 100%; average daily load rate
(%) = heating power period daily load rate/heating power period calendar day;
peak-valley difference (%) = heating power period peak-valley difference maximum
value (KW)/maximum load on the day (KW) * 100%; monthly load balance rate
(%) = reporting monthly average daily power consumption (KWH)/Report Maximum
daily power output (KWH) * l00%; annual load balance rate (%) = (maximum
monthly load/maximum monthly load of 12 * maximum) � 100%; maximum load
utilization hour (H) = maximum power output (supply and use) during reporting period
(KWH)/maximum power output (supply and use) during reporting period (KW);
simultaneous rate (%) = [maximum power system load (KW)/absolute maximum load
of each component unit of power system (KW) * 100%.

Through calculation, the load characteristic curve of clean heating electricity is
drawn. Usually, the load characteristic can be divided into high load rate type, con-
tinuous type, peak-up type, peak-avoidance type, temperature sensitive type and so on.
High load rate type means that the load characteristic curve of heating power is stable,
the difference between peak and valley is small, and the load rate is over 90%. The load
curve of continuous type is between 80% and 90%. The load curve is relatively stable.
Because of the limited adjustment ability of the existing heat storage heating equip-
ment, the load curve will be continuous, but there will be a certain peak-valley

Table 1. Identification indicators of power load characteristics

Description class Comparison class Curve class

Daily maximum (minimum)
load

Daily load rate Daily load curve

Daily average load Daily minimum load rate Weekly load curve
Peak valley difference Daily peak-valley difference

rate
Annual load curve

Monthly maximum (minimum)
load

Monthly average daily load
rate

Annual continuous load
curve
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difference. The peak time point of heating load in a day; the peak avoidance type shows
the trough time of heating power.

2.3 Identifying Electricity Consumption

Accurate identification of electricity consumption is one of the keys to ensure the
operation of clean heating mode. Therefore, multi-dimensional features of heating data
are identified based on large data model.

Based on the massive data of clean heating power consumption, a multi-
dimensional evaluation index system of electricity consumption characteristics is
established. The time and space of clean heating power consumption are clustered and
analyzed, and the characteristics of clean heating power consumption are mined and
identified. Develop the process of power consumption identification, and use the
evaluation method to avoid the adverse impact of other factors on the accuracy of the
identification algorithm. The data identification process of clean heating power con-
sumption based on large data model is shown in Fig. 3.

Pretreatment

Multidimensional Index 
Calculation of Electricity 

Characteristic

Clustering

Parameter optimization

Prediction of Heating 
Group Algorithms

Output of comprehensive 
prediction results

Data Set

Fig. 3. Identification flow
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Due to the difference of electricity consumption characteristics among different
heating users, the heating objects are classified according to different electricity con-
sumption modes, and the changing rules of electricity consumption of different users
are studied. The key to realize the identification is to use large data analysis. The
identification methods and results of electricity consumption characteristics are closely
related to the selection of electricity consumption characteristics indicators. Therefore,
it is necessary to define reasonable evaluation indicators of electricity consumption
characteristics to assist the acquisition and identification of electricity consumption
data.

The steps of power consumption identification are as follows: firstly, effective data
preprocessing is carried out for m large data sets of heating power consumption, and
target analysis data set Vd is generated, in which the first user’s power consumption
sequence is Vi (xt1, xt2, … , xtn), I = 1, 2, … , m; by calculating the multi-
dimensional evaluation index of power consumption of mass users, the data set VD of
user’s multi-dimensional characteristics is established, in which the first user’s char-
acterization sequence is Vi (xt1, xt2, … , xtn), I = 1, 2, … , M Vi (xt1, xt2, … , xtn,
1, 2, W), I = 1, 2, … , m; Then clustering the data sets of heating multi-dimensional
electricity characteristics, mining and identifying electricity consumption patterns, and
getting the K user groups set Gk of M users. Finally, according to the characteristics of
user groups, the parameters are trained separately. On the basis of parameter selection,
an algorithm recognition model is established to obtain the identification values of
electricity consumption of each heating group and all heating groups, and to identify
and evaluate them. The formulas for evaluating the recognition results are as follows:

bi¼
Xw
j¼1

aijxj ¼ aTi x ð1Þ

The parameters in the above formulas are derived from the data of power consumption
groups. When the evaluation result is beta > 8, the evaluation result is effective. This
method is suitable for the analysis and processing of large data platforms, and has high
recognition accuracy and stability. The sources of big data mainly include internet,
physical information system, scientific experiments and so on. Usually, physical
information system data and scientific data are obtained through a sensor network
composed of sensors or observation devices. The rapid popularity of the Internet and
mobile Internet provides the most convenient and lasting carrier for data recording.
Because heating is a periodic process, the identification of clean heating power con-
sumption can get the overall data of annual electricity consumption. In order to better
understand the time rule of heating power consumption, it is necessary to identify the
periodicity of clean heating power consumption.

2.4 Identifying Periodicity of Electricity Consumption

The fluctuation of electricity consumption for clean heating has obvious periodic regu-
larity with time, which is called seasonal effect [11, 12]. According to a certain mathe-
matical method, time series with seasonal effects are decomposed into components that
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show periodic changes with time series and components that are basically independent of
time changes, so that seasonal electricity consumption law can bemore clearly presented.
The seasonal adjustment algorithm is used to obtainmonthly or quarterly time series data,
which contains four components, namely, long-term trend component, fluctuation cycle
component, seasonal component and irregular component [13, 14]. The long-term trend
component represents the long-term trend characteristics of time series. The fluctuation
cyclic component is a cyclic change in units of several years. They describe the basic
change law of time series. The variation of time series is an average value, and the formula
is as follows:

YT þ 1 ¼ 1
N
ðYT þ . . .þ YT�Nþ 1Þ ð2Þ

Among them, T is the number of seasonal cycles, N is the statistic, t is the initial
quantity of seasonal cycles, and its standard error S formula is:

S ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPT

t Nþ 1ðY �YtÞ2
T � N

s
ð3Þ

According to the above calculation method, seasonal periodic variation characteristics
of clean heating power consumption are obtained with the support of large data.

2.5 Recognition of Regional Characteristics

The purpose of dividing the data of clean heating power consumption by heating area is
to qualitatively identify the characteristics of clean heating power consumption in
different areas, grasp the trend of heating power consumption in different areas, and
provide guidance for accurate heating power supply.

In order to identify the regional characteristics of heating power consumption, it is
necessary to subdivide the type of electricity consumption data in the identified area,
and to refine the type of electricity consumption in the area as far as possible, so as to
ensure the accuracy and validity of the identification results [15]. In the conventional
classification of regional electricity consumption data, the industrial characteristics of
the region are positioned according to the step quantity of electricity consumption. For
example, some industries with high heating demand will inevitably lead to the increase
of heating power consumption in the region. In addition, different regions have dif-
ferent climate temperatures and different demands for heating, so the data generated are
necessarily different [16]. In view of the above two aspects, the data characteristics of
regional clean heating power consumption are identified, as shown in Fig. 4.
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So far, the identification of electricity characteristics of clean heating based on large
data model is basically completed.

3 Analysis of Experimental Demonstration

In order to verify the validity of the method designed in this paper for identifying the
electrical characteristics of clean heating, an experimental demonstration is carried out.
Taking S city of North China, which is heated by clean heating mode, as the experi-
mental object, the characteristics of its previous heating data are identified, and the
electricity characteristics and seasonal periodic characteristics of clean heating power
are obtained. The results are shown in Table 2.

Regional 
character

istics

Electricity difference in 
industry

Differences in Climate 
Conditions

General 
heating 
demand

High heating 
demand

High demand 
for heating

Low heating 
demand

Fig. 4. Regional characteristic recognition classification chart

Table 2. S identification result of electricity characteristic of clean heating in city

Features Warm winter condition Cold winter Normal behavior

Electricity consumption 2800 3100 3000
Seasonal cycle 3 months 4 months 3.5 months
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Then the results of this year’s electricity consumption data are analyzed and esti-
mated. The experimental predictions are compared with the actual values. The
experimental demonstration and comparison results are shown in Fig. 5.

It can be seen from Fig. 5 that the identification results of electrical characteristics
of clean heating by using the identification method proposed in this paper are reliable,
and the power consumption of clean heating is predicted according to the identification
results. The predicted value is very close to the actual value, which proves the effec-
tiveness of the proposed method.

4 Concluding

Based on the large data model, this paper uses Hadoop platform to integrate the
characteristics of the clean heating data, and then identifies the electricity consumption
characteristics, periodic characteristics and regional characteristics of the clean heating
data, and proves the accuracy and effectiveness of the design through experiments. At
the stage of full implementation of clean heating mode, it is hoped that the design can
identify the electricity characteristics of clean heating more accurately, and make a
more scientific storage and discharge plan for power supply and storage equipment.
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