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Abstract	
With	the	strengthening	of	environmental	awareness	and	environmental	protection	laws	
and	regulations,	coal‐fired	power	plants,	as	one	of	the	main	sources	of	energy	supply,	its	
environmental	monitoring	data	processing	and	analysis	is	particularly	important.	Based	
on	 the	 method	 of	 big	 data	 analysis,	 this	 study	 deeply	 studied	 the	 environmental	
monitoring	data	of	coal‐fired	power	plants,	aiming	at	exploring	effective	data	processing	
and	analysis	methods	and	providing	scientific	basis	for	environmental	management	of	
coal‐fired	power	plants.	Firstly,	the	paper	 introduces	the	collection	methods	and	data	
characteristics	of	environmental	monitoring	data	of	coal‐fired	power	plants,	including	
online	monitoring	equipment,	environmental	monitoring	stations	and	manual	sampling	
and	other	data	sources.	Then,	the	methods	and	technologies	based	on	big	data	analysis	
are	discussed,	 including	data	 cleaning,	data	mining,	machine	 learning,	etc.,	and	 their	
applications	in	data	processing	and	analysis	of	environmental	monitoring	in	coal‐fired	
power	plants.	On	this	basis,	the	paper	designs	a	data	processing	and	analysis	process	and	
algorithm	based	on	temporal‐spatial	correlation,	which	 is	used	to	mine	the	temporal‐
spatial	 correlation	 between	 emission	 indicators	 and	 predict	 the	 future	 emission	
situation.	Through	 the	 processing	 and	 analysis	 of	 environmental	monitoring	 data	 of	
coal‐fired	power	plants,	the	time‐space	correlation	analysis	results	between	emission	
indicators	and	the	prediction	results	of	future	emissions	are	obtained,	which	provides	
important	reference	for	environmental	management	departments	and	decision	makers.	
Through	 in‐depth	processing	and	analysis	of	environmental	monitoring	data	of	 coal‐
fired	power	plants,	this	study	provides	important	scientific	support	for	environmental	
management	and	decision‐making	of	coal‐fired	power	plants,	and	has	certain	theoretical	
and	practical	significance.	
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1. INTRODUCTION	

With the acceleration of industrialization and the continuous expansion of urbanization, coal-
fired power plants, as the main energy suppliers, play a vital role in the global scope. However, 
the pollutants emitted by coal-fired power plants have seriously affected the environment and 
human health, so it is particularly important to monitor and manage their emissions [1]. The 
collection, processing and analysis of environmental monitoring data is of great significance for 
the sustainable development and environmental protection of coal-fired power plants. 

With the improvement of environmental awareness and the increasingly strict environmental 
supervision, the data processing and analysis of environmental monitoring in coal-fired power 
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plants has become one of the hot spots in current research. Scholars at home and abroad have 
carried out a lot of research work, involving data processing, spatio-temporal correlation 
analysis, data mining, machine learning and many other aspects. Many researches are devoted 
to putting forward effective data processing methods to deal with the problems existing in 
environmental monitoring data of coal-fired power plants, such as low data quality, missing 
value processing and abnormal value detection [2-3]. Among them, data cleaning technology is 
one of the most common processing methods, which improves the quality and availability of 
data by removing noise, correcting errors and filling missing values. Spatial-temporal 
correlation analysis is one of the research directions that have attracted much attention in 
recent years, aiming at mining the spatial-temporal correlation in data and exploring the 
correlation law between different monitoring points [4]. Many researchers have revealed the 
temporal and spatial variation characteristics and spatial distribution law of environmental 
data by means of statistical methods, spatial interpolation technology and geographic 
information system [5-6]. Data mining and machine learning technology play an important role 
in data processing and analysis of environmental monitoring in coal-fired power plants. By 
using the methods of cluster analysis, association rule mining, classification and regression, 
scholars found the potential correlation between emission indicators, established a forecasting 
model, and predicted and optimized the future emission situation [7-8]. Although some 
progress has been made in data processing and analysis of environmental monitoring in coal-
fired power plants, there are still some challenges and problems. Among them, there is room 
for improvement in data quality, data heterogeneity, spatio-temporal data processing 
technology and model accuracy. In addition, the diversity and complexity of environmental 
monitoring data also increase the difficulty of data processing and analysis, which requires 
further in-depth research and exploration. 

Traditional data processing and analysis methods of environmental monitoring often rely on 
manual collection, processing and analysis, which has many problems such as large amount of 
data, low efficiency and strong subjectivity. With the development and popularization of big 
data technology, the data processing and analysis method of environmental monitoring based 
on big data analysis has gradually become a research hotspot. Big data technology has the 
advantages of processing massive data, mining hidden information, and establishing prediction 
models, which provides a new solution for the field of environmental monitoring. The purpose 
of this paper is to explore the data processing and analysis methods of environmental 
monitoring in coal-fired power plants based on big data analysis. By using big data technology, 
the environmental monitoring data of coal-fired power plants can be effectively processed and 
analyzed, providing scientific basis and decision support for environmental management of 
coal-fired power plants. Through the development of this study, we will provide a new idea and 
method for the field of environmental monitoring of coal-fired power plants, promote the 
development of data processing and analysis technology of environmental monitoring, and 
contribute to the clean production and sustainable development of coal-fired power plants. 

2. RESEARCH	METHOD	
2.1. Collection	of	environmental	monitoring	data	in	coal‐fired	power	plants	

Consider a coal-fired power plant located in an industrial city, which is equipped with online 
monitoring equipment and environmental monitoring stations, as well as manual sampling and 
testing on a regular basis. The power plant has installed an exhaust emission monitoring system 
to monitor the concentration of sulfur dioxide (SO2) and nitrogen oxides (NOx) emitted from 
the chimney in real time. At the same time, the wastewater discharge monitoring system 
regularly monitors the concentration of heavy metals in wastewater, such as lead and mercury. 
These online monitoring devices automatically record data at regular intervals to generate time 
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series data. Environmental monitoring stations have been set up around the power plant, 
equipped with atmospheric particulate sampler and water quality analyzer. These monitoring 
stations monitor the concentration of particulate matter and water quality in the atmosphere 
at regular intervals and record data [9]. The power plant regularly sends staff to sample and 
detect waste gas, waste water and solid waste. For example, the staff takes several wastewater 
samples every month for testing to verify the accuracy of online monitoring data. 

Waste gas discharge, waste water discharge and environmental monitoring data are all 
recorded in the form of time series. Exhaust emission monitoring data are recorded once every 
hour, wastewater emission monitoring data are recorded once a day, and environmental 
monitoring data are recorded once every 15 minutes. The data covers many monitoring 
indicators such as waste gas emission, waste water emission, atmospheric particulate 
concentration and water quality [10]. The unit and nature of each index are different, so it needs 
to be treated and analyzed in a unified way. Because coal-fired power plants involve multiple 
monitoring points and indicators, the amount of monitoring data is considerable. In particular, 
online monitoring equipment continuously produces data, and the amount of data is huge, 
which requires efficient storage and processing technology. 

2.2. Methods	and	techniques	of	big	data	analysis	

With the continuous development of big data technology, more and more methods and 
technologies are applied to environmental monitoring data processing and analysis. Data 
cleaning is an important step in big data analysis, which is used to identify and correct errors, 
inconsistencies or incomplete parts in data. In the environmental monitoring data of coal-fired 
power plants, data cleaning can include operations such as removing duplicate data, processing 
missing values and repairing abnormal values to ensure the quality and accuracy of data. 

Data mining is a process of discovering hidden patterns, associations, anomalies or trends 
from large-scale data by using various algorithms and technologies. In the environmental 
monitoring data of coal-fired power plants, data mining can be used to discover the correlation 
between emission indicators, predict emission trends and identify abnormal events (Figure 1). 
Commonly used data mining techniques include cluster analysis, association rule mining, 
anomaly detection and so on. 

 

 
Figure	1.	Data mining process 

 
Machine learning is an artificial intelligence method, which realizes automatic processing and 

prediction of various tasks by learning and pattern recognition of a large number of data. In the 
environmental monitoring data of coal-fired power plants, machine learning can be applied to 
establish a model between emission indicators and environmental factors for prediction and 
optimization. Commonly used machine learning algorithms include regression analysis, 
decision tree, support vector machine, neural network and so on. 
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Data visualization is a process of displaying data intuitively in the form of charts and images, 
which is helpful to understand the structure and characteristics of data and discover the laws 
and trends in data. In the environmental monitoring data of coal-fired power plants, data 
visualization can be used to show the change trend of various emission indicators with time and 
the comparison between different monitoring points, which can provide intuitive reference for 
environmental management departments and decision makers. 

2.3. Process	 and	 algorithm	 design	 of	 environmental	monitoring	 data	 processing	 and	
analysis	

The method for processing and analyzing environmental monitoring data of coal-fired power 
plants based on big data analysis aims to realize comprehensive monitoring and intelligent 
management of its emissions by collecting, storing, processing and analyzing environmental 
monitoring data of coal-fired power plants. This method is of great significance for improving 
the operation efficiency of power plants, reducing energy consumption, reducing pollution 
emissions and ensuring the safe and stable operation of power plants. The application of big 
data technology enables coal-fired power plants to collect and process a large number of 
environmental monitoring data in real time. These data come from a wide range of sources, 
including coal mass flow, coal type, boiler type, carbon content of coal, carbon content of fly ash, 
carbon content of slag, etc., as well as emission data monitored in real time by sensors and other 
equipment. These data have the characteristics of large quantity, variety and high speed, which 
far exceeds the ability of traditional data processing methods. 

By using advanced data analysis technology, such as statistical analysis, machine learning, 
data mining, etc., the environmental monitoring data is deeply analyzed. These technologies can 
help to discover the laws and trends in data, identify potential emission problems, and predict 
future emissions. For example, by establishing a regression model between carbon emission 
data and urban surface temperature inversion results, the carbon emission of power plants can 
be evaluated more accurately. Based on the results of big data analysis, coal-fired power plants 
can formulate targeted environmental protection measures, optimize operation schemes, and 
reduce energy consumption and emissions. In addition, big data technology can also be used to 
monitor the operation status of power plants in real time, find and deal with abnormal 
situations in time, and ensure the safe and stable operation of power plants. 

In order to process and analyze the environmental monitoring data of coal-fired power plants 
more effectively, this paper designs a data processing and analysis method based on time-space 
correlation to mine the time-space correlation between emission indicators and predict the 
future emission situation. Remove duplicate data, handle missing values and abnormal values. 
The data from different monitoring points are integrated to build a comprehensive monitoring 
data set. Calculate the temporal and spatial correlation between emission indicators. Based on 
the results of spatio-temporal correlation analysis, a prediction model is established to predict 
future emissions. The algorithm flow is shown in Figure 2: 

 

 
Figure	2.	Algorithm flow 
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Suppose there are n   monitoring points, and each monitoring point collects data of m
emission indicators, with a total of T  time points. The value of emission index i at time t is 
defined as itX  , and the value of monitoring point j   at time t   is defined as jtY  . Then the 

temporal-spatial correlation degree ijC  between emission indicators can be calculated by the 
following formula: 
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Where ji YX ,  is the average of emission index i  and monitoring point j , respectively. 

Based on the results of spatio-temporal correlation analysis, the prediction model between 
emission indexes can be established. Suppose we want to predict the value 'it

X  of emission 

index i   at the future time point 't  , and use the data j   of monitoring point 'jt
Y   at the 

adjacent time point to make the prediction. Using linear regression model: 
 

  '' jtit
YX                                  (2) 

 

Where  is the intercept,   is the slope and   is the error term. 

3. DATA	ANALYSIS	AND	RESULTS	
By analyzing the time-space correlation of environmental monitoring data of coal-fired 

power plants, the time-space correlation results between emission indicators are obtained. 
Table 1 below is the spatial-temporal correlation matrix between some monitoring points. 

 
Table	1.	Spatio-temporal correlation analysis results 

monitoring 
point 1 2 3 4 

1 1.0000 0.7845 0.6521 0.5892 
2 0.7845 1.0000 0.7132 0.6123 
3 0.6521 0.7132 1.0000 0.5214 
4 0.5892 0.6123 0.5214 1.0000 

 
It can be observed that the correlation between monitoring points is not completely 

consistent. For example, the correlation between monitoring point 1 and monitoring point 2 is 
high, reaching 0.7845, while the correlation between monitoring point 3 and monitoring point 
4 is low, only 0.5214. This difference may reflect the different characteristics and influencing 
factors of the internal or surrounding environment of coal-fired power plants. 

The spatial position and distance between monitoring points may have an impact on their 
temporal and spatial correlation. There may be a stronger temporal and spatial correlation 
between nearby monitoring points, because they may be more similar to the external 
environmental impact. There may be differences in environmental conditions around different 
monitoring points, such as wind direction, climate, topography and other factors. These 
environmental factors may affect the spread and diffusion of emissions, and then affect the 
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temporal and spatial correlation between monitoring points. The location of process equipment 
and emission sources in coal-fired power plants may lead to differences in emission 
concentrations between different monitoring points. For example, monitoring points near 
emission sources may be affected by higher concentrations of emissions, while monitoring 
points far away from emission sources may be less affected. 

Through the analysis of temporal-spatial correlation, it can be inferred that the temporal-
spatial correlation between different monitoring points is complex and diverse, which is 
influenced by spatial location, surrounding environmental factors, process equipment and 
emission source location. A deep understanding of the characteristics and influencing factors of 
these spatial-temporal correlations is helpful to optimize the environmental monitoring 
scheme and emission control strategy, and realize the environmental management and 
sustainable development of coal-fired power plants. 

In this study, the temporal and spatial correlation between different monitoring points in the 
environmental monitoring data of coal-fired power plants was explored by data processing and 
analysis method based on temporal and spatial correlation, and the future emissions were 
predicted by using these correlations. Figure 3 shows the emissions of different monitoring 
points in coal-fired power plants in time and space. Through the change of color and the shape 
of the surface, the temporal and spatial correlation between different monitoring points can be 
observed. 

 
Figure	3.	Temporal-spatial correlation analysis and emission prediction 

 
Based on the results of spatio-temporal correlation analysis, a prediction model can be 

established to predict future emissions. By observing the changing trend of the graph, we can 
infer the possible changing direction and amplitude of future emissions. If the graph shows an 
increasing trend, it can be predicted that the future emission situation may continue to rise; If 
there is periodic fluctuation, it can be predicted that the future emission situation may continue 
to maintain this periodic trend. Through in-depth study of the temporal and spatial correlation 
between different monitoring points, we can more accurately understand the changing law of 
emissions and predict the future emissions in advance, so as to take corresponding 
environmental protection measures and adjust the process flow to ensure the environment and 
public health. 
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These analysis results provide an important reference for environmental management and 
decision-making of coal-fired power plants. By analyzing the temporal and spatial correlation 
of emission indicators, the monitoring scheme and emission control strategy can be optimized, 
and the efficiency and accuracy of environmental monitoring can be improved. By forecasting 
the future emissions, we can adjust the production plan in time, reduce environmental pollution 
and realize the sustainable development of coal-fired power plants. 

4. CONCLUSION	

Based on the method of big data analysis, this study deeply processed and analyzed the 
environmental monitoring data of coal-fired power plants, and achieved a series of important 
results. This study successfully applied a variety of big data analysis methods, including data 
cleaning, spatio-temporal correlation analysis, data mining and machine learning, and 
comprehensively processed and analyzed the environmental monitoring data of coal-fired 
power plants. The comprehensive application of these methods enables us to understand the 
characteristics and laws of data more deeply and provides an important scientific basis for 
environmental management. It is found that there is a certain spatial-temporal correlation 
between different monitoring points, but the degree varies with the spatial location, 
surrounding environmental factors, process equipment and emission source location. The 
discovery of this spatial-temporal correlation provides an important reference for optimizing 
environmental monitoring scheme and emission control strategy. Based on the results of spatio-
temporal correlation analysis, the prediction model between emission indexes is established, 
and the future emission situation is predicted. The forecast results show that different emission 
indicators will show different trends in the future, which provides an important reference for 
environmental management departments and decision makers to formulate corresponding 
environmental protection measures and decisions. Through in-depth processing and analysis 
of environmental monitoring data of coal-fired power plants, this study provides important 
scientific support for environmental management and decision-making of coal-fired power 
plants. The results of this study will provide new ideas and methods for the environmental 
protection work of coal-fired power plants in the future, and promote the sustainable 
development and environmental protection benefits of coal-fired power plants. 
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