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Abstract. This paper studies on researching the method of reducing NOx production and coal consumption 
of coal-fired power station boiler. It takes a power plant 600MW subcritical boiler as the research object, 
from the power plant Supervisory Information System (SIS) it gets the  historical operation data as 
experimental data. Based on GA-GRNN (generalized regression neural network based on genetic 
optimization), a predictive model of boiler combustion system with 39 variables such as inlet and output of 
coal consumption and NOx production was established. Finally, coal consumption and NOx production 
were optimized based on the neural network model of boiler combustion system. In this paper, 29 adjustable 
thermal parameters of boiler combustion system model input are selected as optimization variables  and the 
improved NSGA-II (non-dominated sorting genetic algorithm) is used to optimize multiple objective 
variables. The optimization study was carried out under the actual operating condition of 349.21 MW. After 
optimization, the coal consumption of power supply was reduced by 5.67% and the NOx production was 
reduced by 50%. Therefore, the optimization results provide guidance for adjusting the combustion of utility 
boilers.                                                                                                                 

1 Introduction 
Entering the 21st century, the installed power capacity 
in China has developed rapidly. According to the 
statistics by the end of 2016, China's total installed 
capacity of full-calibre power generation is 1.65 billion 
kw, ranking the first in the world. Among them, the 
installed capacity of thermal power generating units is 
1.05 billion kw, which is 63.6% of the total domestic 
power generation[1].  

Based on the current status of thermal power 
generation, power plants need to improve the 
efficiency of generating units, as far as possible to 
make the work of generating units tend to the optimal 
working conditions and reduce coal consumption. 

This paper is based on the historical operation data 
of a 600MW subcritical boiler in a power plant, the 
prediction model of Generalized regression neural 
networks (GA-GRNN) based on genetic optimization 
is obtained, by using generalized regression neural 
network (GRNN) to establish a combustion system 
prediction model, and utilize genetic algorithm (GA) 
to optimize the SPREAD value of the extended 
constant of the radial basis function of the neural 
network mode. Based on this model, the advanced non 
dominated sorting genetic algorithm (NSGA-Ⅱ) is 

adjustable for  multi-objective optimization of boiler 
operation parameters[2,3]. 

2 Boiler combustion system modeling 
process  

2.1 Boiler combustion system model structure 

The process of power station boiler combustion is very 
complicated, so it can not be described with precise 
mathematical expression. In this paper, the black box 
model of boiler combustion system is established by 
using GA-GRNN based on the historical operation 
data of power plant. Neural network model of input 
variable selection for: total air volume, the total 
amount of coal, gross primary air volume, air volume 
of air supply fan, blower inlet temperature, generator 
active power, differential pressure between bellows 
and furnace, instantaneous coal capacity of coal 
feeder(A B C D E F), the SOFA layer 1 angle of burn 
out damper baffle opening (1 2 3 4 5 6 7), the 
secondary air damper baffle opening (AA AB BC CD 
DE EF FF), OFA damper opening, E export wind 
powder grinding temperature, E grinding inlet air flow, 
E export wind powder grinding pressure, burner swing 
angle, circumferential damper opening (A, B, C, D, E, 
F), coal quality. A total of 39 variables were used to 
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characterize the effects on coal consumption and NOx 
production of boiler combustion system[4-6]. 

2.2 GA-GRNN establishment and forecast of 
network model 

In this paper, the historical operation data of a power 
station boiler is taken as the experimental data, and 
the steady-state data under the operating conditions of 
347~549MW interval is taken as the experimental data 
to establish the boiler combustion system model. A 
total of 299 data samples were selected in the 
experiment. Among them, 209 data samples were 
taken as the modeling training set, and 90 data samples 
as the test set. The prediction model of boiler 
combustion system is established by using GRNN 
neural network. The procedure for creating GRNN in 
MATLAB is shown below           

net=newgrnn(P,T,SPREAD) 
P: group Q input vector composed of R×Q 

dimensional matrix 
T: group Q object vectors composed of S×Q 

dimensional matrix 
SPREAD: The extension constant of the radial basis 

function 
For GRNN, when the input and output sample data 

for training are determined, the structure and weight 
of the network are also determined. In order to 
establish the prediction model with GRNN, the first 
task is to determine the value of SPREAD constant[7]. 
In this paper, the basic genetic algorithm is used to 
realize the optimization of SPREAD value of GRNN 
extension constant, and finally the GA-GRNN 
prediction model is obtained. The parameters of the 
genetic algorithm are set as: population size M=30, 
crossover probability Pc=0.75, mutation probability 
Pm=0.15, and genetic termination algebra T=150[8]. 

Through simulation experiment，the evolutionary 
algebraic curve of the genetically optimized GRNN is 
shown in Fig1. When evolution algebra T = 3, fitness 
function, that is, the mean square error of the test 
sample reaches the minimum, the values of 
MSE=4.485×10-3, at this point, the optimal SPREAD 
constant of GRNN is 0.23, the predicted value curve 
and the real value curve of NOx production were 
tested on GA-GRNN network with test samples, as 
shown in Fig2, the average relative error of the 
predicted results is 0.038, the predicted value curve 
and the real value curve of coal consumption are 
shown in Fig3  and the average relative error of the 
predicted results is 0.075[9]. 

 
Fig 1. Genetic algorithm optimizes GRNN's evolution algebra 

and fitness curve 

 

Fig 2. Curve of the predicted and actual value of GA-GRNN 
model for NOx Production 

 
Fig 3.  Curve of the predicted and actual value of   GAGRNN 

model for coal consumption 

3 Combustion optimization process of 
power station boiler 

3.1Multi-objective optimization model for 
600MW subcritical units 

Based on the principle of minimizing power supply 
coal consumption and NOx production, the objective 
function of multi-objective optimization for boiler 
combustion is constructed by combining the 
constraint conditions, as shown in equation (1) [10]. 
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In the above equation, Ccons, NOx represents the 
two optimization objectives of the boiler combustion 
system, f represents predicting coal consumption and 
the network model for NOx. Mv represents a vector  
composed of adjustable parameters such as one or two 
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damper openings, Dv represents the vector composed 
of coal and other unadjustable parameters. [Mv]min and 
[Mv]max are the constraint range of adjustable 
parameters. 

3.2 Selection of optimization variables for 
combustion of power station boiler 

In this paper, some adjustable parameters are selected 
as variables to be optimized and other input variables 
are selected as constants for direct input according to 
the existing related research and the field operation 
data obtained. In total, 29 variables to be optimized are 
selected , x1~x7 is 1~7 floor 1 Angle SOFA air door 
opening, x8~x14 is the opening degree of secondary air 
damper of AA AB BC CD DE EF FF layer, x15~x20 
represents the instantaneous coal feeding amount of A, 
B, C, D, E and F coal mills, x21~x26 is A, B, C, D, E 
and F ambient wind volume, x27 is OFA wind air 
volume, x28 is burner swing angle, x29 is differential 
pressure of hearth bellows. In the actual operation of 
power station boiler, the operation operator of the 
power station can adjust the combustion by adjusting 
the opening of the damper in DCS system such as the 
speed of coal feeding machine and the swinging angle 
of burner[11].  

3.3 Optimization of power station boiler 
combustion 

The actual working condition of 349.21MW is selected 
for optimization, the optimization method uses the 
improved non-dominant genetic algorithm(NSGA-Ⅱ), 
and through MATLAB platform implementation, the 
flow chart of optimization algorithm is shown in Fig4. 
The advanced NSGA-Ⅱparameters are set as follows: 
the population size is 100 , the tournament selection 
operator; the weighted average crossover algorithm; 
crossover probability is 0.85; the constraint adaptive 
mutation algorithm has a mutation probability of 0.25; 
the optimal front-end individual coefficient is 0.5 and 
the maximum number of iterations is 1000[12,13]. 

  
Fig4. Flow chart of the optimization algorithm 

3.4 Analysis of optimization results 

After optimization, the optimization results are shown 
in Fig5. In the Fig5, pareto solution constitutes the 
optimal front-end curve of Pareto, and the candidate 
solution is the dominant solution set formed by other 
different front-ends. It can be seen from the optimal 
front-end curve, there is a linear correlation between 
coal consumption and NOx production. With the 
reduction of power supply coal consumption, NOx 

production gradually increases. The improved NSGA-
Ⅱalgorithm takes into account two optimization 
objectives at the same time to obtain feasible solutions 
of simultaneously reducing coal consumption and NOx 
production. The power station operator can set 
operation parameters with the optimized adjustable 
value in DCS in order to improve the boiler operation 
efficiency [14]. 

 
Fig5. Pareto solution and candidate solution for condition 1 

The working condition of 349.21MW is  four coal 
mills in the middle working simultaneously ， the 
upper and lower two coal mills stop working. At the 
end of the optimization process, a group of results 
obtained from the optimal solution set of Pareto were 
selected for analysis, table1 shows the values of the 
two targets before and after optimization. After 
optimization, the power supply coal consumption is 
decreased by 4.88g/kWh, with a decreasing range of 
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5.67% and the production is decreased by 415.8mg/m3, 
with a decreasing range of 50%. The values of 
optimization variables before and after optimization 
are shown in table2, table3, table4 and table5. From 
the change of the secondary damper opening, the 
optimized secondary damper opening is from bottom 
to top  and the opening of the damper at both ends 
increases, the opening of the damper of the 
intermediate damper decreases, and eventually the 
"waist air distribution" mode is formed. Such 
distribution method will weaken the rotating intensity 
of flue gas in the main combustion area in the middle 
of the furnace, which can effectively absorb the high-
temperature flue gas generated by the upper and lower 
burners. It also increases the travel time and retention 
time of flue gas in furnace, so as to weaken the 
rotating residual at the outlet of the furnace, promote 
the uniformity of temperature field and velocity field 
at the outlet of the furnace, reduce the temperature 
deviation of flue gas at the outlet of the furnace, 
reduce the carbon content of flying ash and increase 
the burnout rate of coal powder correspondingly. In 
addition, with the characteristics of two large middle 
small air distribution, because of the large upper 
auxiliary air volume , the flame can be effectively 
compressed  and the gas rotation speed can be 
restrained. It not only controls the position of the 
flame, but also promotes the burning of coal powder, a 
large amount of auxiliary air below can effectively 
hold the flame, prevent the coal powder from being 
separated from the flame and flush to the cold ash 
bucket, thus increasing the carbon content of the slag 
[15]. 

It can be seen from the optimized opening of 
exhaust air damper, the opening of exhaust air damper 
in the middle of the furnace greatly increases, making 
the temperature in the center of the furnace drop, in 
addition, the secondary air volume in the main 
combustion zone decreases, which leads to the lack of 
oxygen in the environment, and finally forms a 
relatively strong reducing atmosphere, which 
effectively inhibits the generation of NOx, thus greatly 
reducing its concentration. In addition, the opening 
degree of the top exhaust air (OFA) is increased. The 
coal powder that is not completely burned is spiraled 
upward with the air flow. When the coal powder is 
mixed with the top exhaust air, the coal powder is 
promoted to be burnt out. 

 
Table 1. Values before and after Optimization Target  

Optimal 
working 
condition 

Optimization 
goal 

Boiler 
load 

NOx 
generation 

The power 
supply coal 

consumption  

MW mg/m3 g/KWh 

Working 
condition 

Before 
optimization 

349.21 

831.37 86.09 

After 
optimization 415.57 81.21 

After 
optimization 415.57 81.21 

 
Table 2. Values before and after Optimization Variables in 

Working Condition 349.21MW 

Optimiza 
-tion 

variables 

Instantaneous coal capacity of 
coal feeder，t/h 

Burner 
Angle 

Chamber 
differentia
l pressure 

A B C D E F 。 KPa 

Before 
optimiza 

-tion 

0.0
0 41.39 44.37 43.43 38.40 0.00 55.00 532.56 

After 
optimiza 

-tion 

0.0
0 45.89 40.00 51.12 36.43 0.00 51.84 531.45 

 
Table 3. Values before and after Optimization Variables in 

Working Condition 349.21MW 

Secondary air damper opening，% 

AA AB BC CD DE EF FF 

34.22 59.00 47.77 45.94 98.07 67.99 17.68 

87.69 46.01 52.17 25.23 23.40 50.87 54.04 

 
Table 4. Values before and after Optimization Variables in 

Working Condition 349.21MW 

Circumferential wind damper opening，% 

A B C D E F 

12.53 33.07 32.46 26.52 31.82 15.06 

28.49 34.38 25.84 35.18 37.84 16.17 

 
Table 5. Values before and after Optimization Variables in 

Working Condition 349.21MW 

Exhaust air damper opening，% OFA damper 
opening% 

 2 3 4 5 6 7  

0.58 85.64 84.40 0.50 0.50 0.55 0.46 32.80 

0.55 81.65 65.96 80.02 0.53 0.56 0.44 47.90 

4 conclusion 
Aiming at the problem of boiler combustion system 
modeling and optimization, based on the historical 
operation data, this paper proposes to use GRNN to 
establish combustion system prediction model  and 
uses genetic algorithm to optimize the expansion 
constants of the network model to get the GA-GRNN 
prediction model. Test data is used to test the model 
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respectively, and the results verify the validity of the 
GA-GRNN network model. The improved NSGA-II 
(non-dominated sorting genetic algorithm) is used to 
optimize multiple objective variables. The results 
show that both coal consumption and NOx production 
are improved. If the results obtained from the 
optimization process are applied to DCS system to 
guide the setting of boiler combustion operation 
parameters, it will have a positive guiding significance 
for the future research and practical application of 
boiler combustion optimization. 
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