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 Abstract—Power Generation is a critical and a complicated 
process, which in turn demands sophisticated systems for 
control and operation. As the system complexity increases, 
data overload poses a generic and difficult problem for 
system operators and operators may find it difficult to cope 
with a situation that generates an avalanche of electronic 
data and information. Data Mining is defined as the process 
of extracting patterns as well as predicting trends from large 
quantities of data by posing repeated queries. This paper 
makes an attempt to use Visualization techniques to provide 
visual understanding of data, patterns and trends from the 
emission data of a leading thermal Power plant 

Index Terms—Data Mining, Visualization, Thermal power plant, 
emission. 

Introduction  

Rapid progress in technology, together with the 
scale enlargement, social, financial and political 
stimuli have changed the scope of society. Systems 
are becoming more complex and consequently 
dependent on automation increasingly. Industrial 
processes including many critical systems such as 
power generation plants are also becoming more 
complex with an increasing number of interactions 
between different domains and plants. Centralized 
system has become the need of the hour for 
handling such complex systems efficiently. The 
technological advances that have happened in the 
control systems have ensure minimal human 
intervention which only in critical case like shut 
down, start up or critical malfunction. 
 
 
As the system complexity increases, data overload 
poses a generic and difficult problem for system 
operators and operators may find it difficult to cope 

with a situation where in they will have to deal with 
a large of data and information. Although the 
advances in artificial intelligence, computer 
graphics, or electronic connectivity etc. promise to 
help people better understand and manage wider 
range of activities in a plant more efficiently and 
effectively. Power producers are looking for ways 
not only to improve efficiency of power plant assets 
but also equally concerned about the environmental 
impacts of power generation without compromising 
their market competitiveness. 
 
Data mining discovers hidden relationships in data, 
in fact it is part of a wider process called 
“knowledge discovery”. Knowledge discovery 
describes the phases which should be done to 
ensure reaching meaningful results 
 
Data Mining can be used in power plants to predict 
or forecast system failures, fault diagnosis, predict 
Emissions and the probable quantum of the same 
etc. This paper makes an attempt to use advanced 
visualization, machine learning and domain 
expertise into an actionable set of tools. 
 
I. LITERATURE REVIEW 

 
The concepts explained in each paper are 
considered as a reference throughout the project and 
also which will enhance quality of the work. The 
following authors published papers are as follows. 
 
Ilamathi P, et al predicted modelling of nitrogen 
oxides emission from a 210 MW coal Fired 
thermal power plant with combustion parameter 
optimization is proposed. The oxygen 
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concentration in flue gas, coal properties, coal 
flow, boiler load, air distribution scheme, flue gas 
outlet temperature and nozzle tilt were studied. 
The parametric field experiment data were used 
to build artificial neural network (ANN). The coal 
combustion parameters were used as inputs and 
nitrogen oxides as output of the model. The 
predicted values of the ANN model for full load 
condition were verified with the actual values [8] 

 
        Tania fonts,et al, showed Artificial Neural 
Networks (ANN) have been essentially used as 
regression models to predict the concentration of 
one or more pollutants usually requiring 
information collected from air quality stations. In 
this work we consider a Multilayer Perception 
(MLP) with one hidden layer as a classifier of the 
impact of air quality on human health, using only 
traffic and meteorological data as inputs. Our data 
was obtained from a specific urban area and 
constitutes a 2-class problem: above or below the 
legal limits of specific pollutant concentrations. The 
results show that an MLP with 40 to 50 hidden 
neurons and trained with the cross-entropy cost 
function, is able to achieve a mean error around 
11%, meaning that air quality impacts can be 
predicted with good accuracy using only traffic and 
meteorological data. [9] 
 

Andrew Kusiak, et al., worked on a data-
mining approach is used to develop a model for 
optimizing the efficiency of an electric-utility boiler 
subject to operating constraints. Selection of 
process variables to optimize combustion efficiency 
is discussed. The selected variables are critical for 
control of combustion efficiency of a coal fired 
boiler in the presence of operating constraints. Two 
schemes of generating control settings and updating 
control variables are evaluated. One scheme is 
based on the controllable and no non controllable 
variables. The second one incorporates response 
variables into the clustering process. The process 
control scheme based on the response variables 
produces the smallest variance of the target variable 
due to reduced coupling among the process 

variables. An industrial case study and its 
implementation illustrate the control approach 
developed in this paper [10] 
 

 
Hao Zhou Showed A Modelling Nox emission 
from coal fired utility boiler is critical to develop 
predictive emissions monitoring system (PEMS) 
and to implement combustion optimization 
software package for low Nox combustion. This 
paper presents an efficient NOx emissions model 
based on support vector Regression (SVR), and 
compares its performance with traditional 
modelling techniques ,i.e., back propagation 
(BPNN) and generalized regression(GRNN) 
neural networks. A large number of NOx 
emissions data from an actual power plant, was 
employed to train and validate the SVR model as 
well as two neural networks models .Moreover ,an 
ant colony optimization(ACO)based technique 
was proposed to select the generalization 
parameter C and Gaussian kernel parameter g. The 
focus is on the predictive accuracy and time 
response characteristics of the SVR model. [11] 

 
V Milind S. Mankar et, al describes a 

systematic approach to predict of nitrogen oxides 
emission from 270 MW coal fired thermal power 
plant with the help of artificial neural network. The 
NO formation mechanism and NOx emission 
control techniques also describe. The oxygen 
concentration in flue gas, coal properties coal flow, 
boiler load, air distribution scheme, flue gas outlet, 
temperature and nozzle tilt were investigated 
through field experiment. The predicted values of 
ANN model for different load condition were 
verified with the actual values. These parameters 
help us to ensure to complete combustion and less 
emission with increased boiler life.[12] 

 
 
Ningling Wang et al showed Large coal-

fired power generation is a complex process 
characterized as nonlinear and coupling correlation 
between the levels of equipment, subsystems and 
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function modules.. With data mining methods such 
as Support Vector Regression (SVR) and Genetic 
Algorithm (GA), a huge amount of practical 
operation data stored in the plant-level Supervisory 
Information System (SIS) were used to model the 
energy consumption and optimize the operation 
parameters for less coal consumption. The results 
show that the power coal rate reduced significantly 
under the combination of SVR and GA.[ 13] 

 

II. Visual Data Mining  

The basic idea of Visual Data Mining is to present 
the data in some visual form, allowing the human to 
get insight into the data, draw conclusions, and 
directly interact with the data. 

Visual data mining techniques have proven to be of 
high value in exploratory data analysis and they 
also have a high potential for exploring large 
databases. Visual data exploration is especially 
useful when little is known about the data and the 
exploration goals are vague. Since the user is 
directly involved in the exploration process, shifting 
and adjusting the exploration goals is automatically 
done if necessary [5]. 

The main advantages of Visual Data Mining over 
automatic data mining techniques from statistics or 
machine learning are [4]: 

1. Visual data exploration can easily deal with 
highly inhomogeneous and noisy data 

2. Visual data exploration is intuitive and 
requires no under-standing of complex 
mathematical or statistical algorithms or 
parameters. As a result, visual data 
exploration usually allows a faster data 
exploration and often provides better results, 
especially in cases where automatic 
algorithms fail.  

3. Visual data exploration techniques provide a 
much higher degree of confidence in the findings 
of the exploration. This fact leads to a high 

demand for visual exploration techniques and 
makes them indispensable in con-junction with 
automatic exploration techniques.  

In this research visual data mining using parallel 
coordinates [2] is used. Visual data mining using 
parallel coordinates has been used in variety of 
applications like - quality control [3], process 
improvement [1] and process modeling [7]. 

 

III. Visual Data Mining Process 
The Process of visual data mining is indicated 

below (Fig (a) Process Chart) 
 

 
 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Plot Process Data from a spreadsheet 

2.Choose the process objective 
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RESULTS: CASE STUDY 

 

 
The Proposed Visual Data Mining technique has 
been applied to a Thermal Power Plant data. 
AUTORULE, a visual analytics software was used 
for the process of data mining. A total of 744 
records was evaluated. The recording was done at 
different loads. The parameters considered for this 
research are:  

 
1. Coal Speed 

2. Coal Flow (Tons per hour) 

3. Primary Air Flow 

4. Secondary Air Temperature 

5. Burner Tilt 

6. Induced Draught 

7. Forced Draught 

8. Flue Gas Temperature 

9. Un burnt Oxygen 

10. Sulphur Di Oxide 

11. Nitrogen Di Oxide 

12. Carbon Di Oxide 

13. Date 

14. Time 

15. Total Air Flow 

16. Primary Air Temperature 

 
 
The parameters derived from the available data 
include:- 
Best Operating Zone - Coal Speed (as an input ) / 
Load 
Efficiency Class 
 NO2 Class  
 

 
       
             Fig (b) Spreadsheet Of The Records 
 
The objective of this study was to identify some of 
the possibilities where Nox could be high. Any 
record that had a Nox greater than 250 was 
considered to be that of higher class and below 250 
as lower class. 

 
 
Fig(C) The Full Process Data Visualization.  

 

3. Focus on choice 
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Some of the key points with reference to the Nox 
emission from the data visualization process include 

 
 
Fig (D).Change Of Nox Wrt Time 
 

There was Temporal pattern of NOX change with 
reference to time. It was observed that Low NOX 
was during certain days, despite similar operating 
conditions. However in discussions with the domain 
experts and the available literature survey the 
change in NOX can be attributed to coal quality. 
 

 

Fig.(e) Relationship Between O2 And Nox 

It was found from the data as indicated above that 
when the total airflow is low, NOX is high. This 
was found to be surprising as the NOX production 
is possible when O2 and N presence in air is high. 
i.e. when the total airflow is high. A further 
investigation in this regard is now being conducted 
by the domain team at the plant to identify the 
possible causes for this phenomenon. 
 

Several similar studies were conducted in the plant 
and a certain set of rules were from the process of 
Visual Data mining which includes 
 
1]. IF TAFL > 604  
     AND CFTPH > 25  
     AND CFTPH > 29   
     THEN [NO2CLASS = HIGH] (12.0) 
 
[2]. IF TAFL > 604  
     AND CFTPH > 25  
     AND CFTPH <= 29  
     AND BT > 70  
     AND BT > 90  
     AND Load > 203  
     AND O2E > 4.1   
     THEN [NO2CLASS = HIGH] (12.0/3.0) 
 
[3]. IF TAFL > 604  
     AND CFTPH > 25  
     AND CFTPH <= 29  
     AND BT > 70  
     AND BT > 90  
     AND Load > 203  
     AND O2E <= 4.1   
     THEN [NO2CLASS = LOW] (17.34/3.34) 
 
[4]. IF TAFL > 604  
     AND CFTPH > 25  
     AND CFTPH <= 29  
     AND BT > 70  
     AND BT > 90  
     AND Load <= 203   
     THEN [NO2CLASS = HIGH] (46.68/4.0) 
 
[5]. IF TAFL > 604  
     AND CFTPH > 25  
     AND CFTPH <= 29  
     AND BT > 70  
     AND BT <= 90  
     AND BT > 78   
     THEN [NO2CLASS = LOW] (60.81/12.81) 
 
[6]. IF TAFL > 604  
     AND CFTPH > 25  
     AND CFTPH <= 29  
     AND BT > 70  
     AND BT <= 90  
     AND BT <= 78  
     AND O2E > 4.9   
     THEN [NO2CLASS = LOW] 
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These rules derived from the data provide basic 
guidelines to the management of the power plant for 
effective control of the NOX emissions. However 
the rules are being pilot tested before its 
implementation. 
 
Conclusions 
Visual analytics process accelerates and amplifies 
the domain knowledge. It has been observed the 
multivariable analysis done with visual analytics 
has helped the domain team to formulate the rules 
for running plant in better operating conditions so 
as to reduce emissions under any loads. It can be 
quantified that the observed results will provide 
base line profit in operating a power plant. 
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