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Abstract:  11 
A technical method for diagnosing the distribution of NOx flux within the cross-section area in front 12 
of ammonia injection grid (AIG) was proposed for guiding the valve-tuning of AIG branch-pipes, in 13 
order to optimize the NOx/NH3 mixing ratio in the selective catalytic reduction (SCR) system of 14 
power plant. The weight coefficient of each branch-pipe in AIG system can be quantitatively 15 
determined with regard to the distribution of NOx flux in the corresponding sub-zone of the 16 
cross-section area. The control strategy of the valves for different AIG branch-pipes can be achieved 17 
for guiding the NH3 injection and improving the NOx/NH3 mixing ratio within the whole 18 
cross-section area in front of AIG. The technology has been applied on one side of the SCR system 19 
flue-gas tunnels (normally two tunnels for the SCR system called as A-side and B-side) of a 660 MW 20 
plant for more than one year. The ammonia consumption rate of the SCR system was reduced about 21 
12.62% and the uniformity of outlet NOx distribution was estimated to be greatly improved by about 22 
79.01% with regard to the standard deviation. The rising rate of the flue gas resistance of the air 23 
preheater was slown down by 39.18% compared to that of the other flue-gas tunnel of SCR system. 24 
This implied that the formation of the sticky ammonium bisulfate (ABS) on air preheater was 25 
significantly inhibited through the application of this technology. 26 
Key Words: SCR system, NOx flux distribution, ammonia injection, flue gas resistance; ammonium 27 
bisulfate 28 

1. Introduction 29 

Selective catalytic reduction (SCR) technology is playing an important role in NOx removal of the 30 
coal-fired power plant [1-3]. Real-time denitrification performance of a running SCR system would 31 
be more affected by operational parameters instead of the catalyst activity as the core parameter of 32 
SCR system design [4-6]. A retrofit project of ultra-low emission of NOx was being forced to 33 
proceed for coal-fired power plant in China [7,8]. The oxidation property of SCR system was greatly 34 
enhanced due to the newly added layer of denitrification catalyst, resulting in the increase of SO3 35 
concentration at the exit of the SCR system [9,10]. The amount of the escaped ammonia should be 36 
strictly limited to avoid the formation of ammonium bisulfate (ABS), which is the vital factor to  37 
the flue gas resistance of air preheater and the safe operation of the power plant [11,12]. 38 

                                                
*
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The denitrification performance of SCR system can be greatly influenced by the NOx/NH3 mixing 39 
ratio [13-15]. The distribution of NOx concentration within flue gas was quite uneven for the 40 
instability of low nitrogen combustion in boiler[16,17]. Besides that, the velocity of flue gas was also 41 
found to be uneven owing to the adjustment of boiler load, the changes of flue structure and so 42 
on[18,19]. The accurate flux of the NOx flowing can be described by the index of NOx flux, which 43 
can be obtained from the product of NOx concentration and the velocity of flue gas. The NOx flux in 44 
the sub-zone of the cross-section area in front of ammonia injection grid (AIG) varied with space and 45 
time. The total amount of NH3 was roughly equally distributed in AIG system regardless of the 46 
non-uniform characteristic of NOx flux for most coal-fired plants[20]. Consequently, the amount of 47 
ammonia escape would significantly increase in order to meet the strict emission standards within 48 
those all sub-zones of the cross-section area. Sticky ABS (liquid phase) was greatly formed at the 49 
cold-side of air preheater, leading to the increase of the flue gas resistance of air preheater[21,22].  50 
The partition-controlled AIG system was widely used owing to its potential of NOx/NH3 mixing ratio 51 
tuning [23]. The amount of ammonia injected for the sub-unit of AIG system could be independently 52 
tuned though the corresponding valve installed on the AIG branch-pipes. The NOx/NH3 mixing ratio 53 
in SCR system could be adjusted for achieving the ideal matching of the amount of NH3 injection 54 
and NOx flux and minimizing the amount of ammonia escape. However, the strategy for tuning the 55 
valves of AIG branch-pipes to gain the optimal NOx/NH3 mixing ratio is insufficiently reported in the 56 
literature. 57 
A technical method for diagnosing the distribution of NOx flux within the cross-section area in front 58 
of AIG was proposed for guiding the valve tuning of AIG branch pipes, in order to optimize the 59 
NOx/NH3 mixing ratio in the SCR system of power plant. The weight coefficient of each branch-pipe 60 
in AIG system can be quantitatively determined with regard to the distribution of NOx flux in the 61 
sub-zone of the cross-section area designated to the branch-pipes. The control strategy of the valves 62 
for different AIG branch-pipes can be achieved for guiding the NH3 injection and improving the 63 
NOx/NH3 mixing ratio within the whole cross-section area in front of AIG. The proposed technology 64 
has been applied on one side of the SCR system of the 660 MW plant, exhibiting the ability for 65 
tuning the NOx/NH3 mixing ratio. 66 

2. Methods 67 

2.1. The AIG structure of SCR system  68 

With the assistance of the NH3 injected, the NOx in flue gas was removed and converted to the 69 
harmless nitrogen in the presence of denitrification catalyst. The chemical reactions involved could 70 
be described as Eq. (1)~(4) [24]. However, studies have shown that the proportion of NO in the flue 71 
gas was about 95%, and it is generally recognized that the critical denitrification path can be 72 
characterized by Eq. (1)[25,26]. That is to say the SCR system would be maintained efficiently and 73 
safely when the NOx/NH3 mixing ratio was tuned at 1:1, instead of resulting in more ammonia 74 
escape or excessive emissions of NOx.  75 

4�� + 4��� + �� → 4�� + 6���                               （1） 76 
6�� + 4��� → 5�� + 6���                                   （2） 77 
6��� + 8��� → 7�� + 12���                                 （3） 78 
2��� + 4��� + �� → 3�� + 6���                              （4） 79 

The SCR system belonged to a 660MW subcritical, tangentially-firing pulverized-coal boiler was 80 
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studied here, which could be shown in Fig. 1. At each corner of the furnace, there are six layers of 81 
low NOx burners with over fire air (OFA) arranged at the top. The NOx involved in the flue gas 82 
coming from the economizer and the NH3 injected through the AIG system consist of 27 sub-units 83 
were fully mixed rely on the static mixer applied, several flue turns and so on. Then the 84 
denitrification reaction was orderly carried out in the catalyst area bringing about the removal of NOx 85 
pollutants. The NOx flux in the cross-section A, which was located in front of AIG system, should be 86 
further studied because of its non-uniform distribution characteristics. 87 

 88 
Fig. 1. Schematics of the SCR system 89 

The partition-controlled AIG system with 27 sub-units was adopted in the SCR system of the 90 
case work. These 27 sub-units could be divided into 9 identical groups which was respectively made 91 
up of 3 different inject sub-units. The mixture of NH3 and dilution air was injected to the flue by the 92 
above 27 sub-units, and the injection amount of each sub-unit could be independently tuned though 93 
the corresponding butterfly valve installed on the AIG branch-pipes. Moreover, the cross-section A 94 
could be hypothetically divided into 27 sub-zones in line with the 27 sub-units of AIG system, which 95 
could be shown in Fig. 2.  96 

 97 
Fig. 2. The partition-controlled AIG system. 98 

The hypothetical partitioning method for specific cross-section is closely related to the 99 
controlled area of each AIG sub-unit, depending on the structural characteristics of the AIG system, 100 
such as the number and the location of these sub-units and so on. The opening of the 27 butterfly 101 
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valves should be tuned according to the NOx flux distribution characteristics within each 102 
corresponding sub-zones, achieving the better NOx/NH3 mixing ratio in the SCR system. 103 
2.2. Acquisition and evaluation of the NOx flux distribution 104 

The distribution characteristics of NOx flux in the cross-section A could be obtained through the 105 
13 temporary test holes available, where 3 measuring depths were designed for each temporary test 106 
hole. The distribution characteristics of NOx concentration in the cross-section C, which was located 107 
at the exit of SCR system, could also be obtained on basis of the 8 available temporary test holes. 108 
The dimensionless depth of above 3 measuring depths in the cross-section A/C was 1/6, 1/2, 5/6, 109 
respectively.The NOx concentration and the velocity of flue gas should be separately measured on 110 
each discrete-node firstly. The measurement of the velocity was realized by using a micro pressure 111 
gauge and a pitot tube of S type with a correction factor of 0.85, and the NOx volume concentration 112 
was carried out through the Testo 350 flue gas analyzer. 113 

The index of standard deviation was adopted to evaluate the uniformity of the NOx flux 114 
distribution, which could be shown as Eq. (5)[27]. 115 

�� =
�∑ (����̅)����� (�� ⁄ )

�̅ × 100%                             （5） 116 

where ��, %&, %̅, 	( represented the standard deviation, the NOx flux of discrete-node j, the 117 
mean of NOx flux in the cross-section area studied and the number of discrete-node, respectively.  118 

2.3. Analytic method of AIG branch-pipe weight coefficient 119 

The NOx/NH3 mixing ratio in SCR system would be optimized through the diagnose of NOx 120 
flux distribution which was reflected by the AIG branch-pipe weight coefficient. The weight 121 
coefficient of each branch-pipe in AIG system under a steady load condition could be 122 
quantificationally determined with regard to the distribution of NOx flux in the corresponding 123 
sub-zone of the cross-section A, which can be described as Eq. (6)[23]. 124 

)*+ = ,*+ ,-./�+⁄                                (6) 125 

where )*+, ,*+, ,-./�+  represented the weight coefficient of branch-pipe i under steady load 126 
condition of 0, the NOx flux within the sub-zone of cross-section A controlled by branch-pipe i 127 
under steady load condition of 0 and the mean of NOx flux in the whole cross-section A under 128 
steady load condition of 0, respectively. 129 

Spatial variation of the NOx flux in each sub-zone of cross-section A was featured via the index 130 
of )*+. The NOx flux would also varied with load condition adjustment. Accordingly, the global 131 
weight coefficient of each branch-pipe in AIG system could be obtained based on the following 132 
principles, which could be shown as Eq. (7). 133 

)* = ∑)*+
123
12                                 (7) 134 

where )*, Δ5+, Δ5 represented the global weight coefficient of branch-pipe i, the time period 135 
of load condition of 0 and the total sample time studied, respectively. 136 

It can be inferred that the variation of NOx flux in the sub-zone with space and time could be 137 
described in line with the index of )*. The opening of AIG valves installed on each branch-pipe 138 
should be adjusted accordingly based on the weight coefficient differences. The corresponding 139 
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relationship between the weight coefficient and the valve opening could be described as Eq. (8). 140 

��* = ��-/� + 67�689:
;                              (8) 141 

where ��*  , ��-/�  ,	)-/� , < represented the opening of AIG branch-pipe valve i, the 142 
maximum opening of all AIG branch-pipe valves, the maximum weight coefficient of all AIG 143 
branch-pipe and and the compression coefficient, respectively. 144 

The compression coefficient < introduced here was an empirical coefficient related to the 145 
maximum weight coefficient, the minimum weight coefficient and the extremum of expected 146 
opening for all branch-pipe valves. The opening of these branch-pipe valves would be kept within a 147 
reasonable range. 148 

3. Results and discussion 149 

3.1. The diagnose of NOx flux distribution within key cross-section area 150 

3.1.1 Analysis of the NOx flux distribution for within cross-section A 151 

The test work of the NOx concentration and the velocity of flue gas within cross-section A was 152 
conducted rely on the 13 temporary test holes available under 3 sets of stable load conditions 153 
including 300, 450 and 580MW as shown in Fig. 3(a)~(c). Apparently the NOx flux distribution of 154 
each condition within cross-section A had showed distinct inhomogeneity. Furthermore, the standard 155 
deviation of NOx flux distribution under the above load conditions was calculated to be 25.24%, 156 
21.98%, 20.23%, respectively. 157 

  
（a） （b） 

 
（c） 

Fig. 3. The distribution of NOx flux within cross-section A under different loads: (a) 300 MW, (b) 450MW, (c) 580MW. 158 
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It can be found that the NOx flux within the hypothetical 27 sub-zones in line with AIG 159 
structure differed remarkably. However, an uniform NH3 injection strategy had been applied in the 160 
above SCR system, where a poor mixing ratio of NOx/NH3 was destined to be maintained. 161 

3.1.2 Analysis of the NOx distribution within cross-section C 162 

The serious inhomogeneity of NOx flux at the outlet of SCR reactor could be regarded as one of 163 
the unfavorable problems caused, due to the poor matching of NOx and NH3. The NOx distribution of 164 
each discrete-node within the cross-section C was obtained under 2 sets of stable load conditions 165 
including 300 and 580MW as shown in Fig. 4(a)~(b). 166 

  
（a） （b） 

Fig. 4. The distribution of NOx within cross-section C under different loads: (a) 300 MW, (b) 580 MW. 167 
As can be seen from the Fig. 4, the outlet NOx distribution had showed serious inhomogeneity 168 

with the standard deviation about 51.79% and 83.67% of 300 and 580MW load condition. The total 169 
amount of NH3 should be excessively injected in order to ensure the maximum NOx concentration of 170 
all discrete-nodes, such as the dimensionless depth 5/6 of test hole 5 under 580MW load condition, 171 
meeting the strict standard. As a result, the ammonia escape of the minimum emission discrete-node, 172 
such as the dimensionless depth 1/6 of test hole 7 under 580MW load condition, would be bound to 173 
significantly increase resulting in a large amount of ABS generation. Besides of that, the single point 174 
sampling method for monitoring the concentration of outlet NOx was adopted in the continuous 175 
emission monitoring system of power plant. The measurement accuracy of NOx concentration would 176 
be sharply reduced owing to the serious inhomogeneity of concentration distribution, which went 177 
against the safe operation of the plant. 178 

3.2. Optimization of NH3 injection strategy based on weight analysis 179 

Based on the weight coefficient determined method showed in Eq (6), the weight coefficient of 180 
the 27 branch-pipes under 300, 450 and 580MW load condition was quantificationally calculated 181 
respectively according to the structure of the partition-controlled AIG system adopted showed in Fig. 182 
2 and the distribution characteristics of NOx flux within cross-section A showed in Fig. 3. The high, 183 
medium and low operating load conditions of the plant studied can be represented by 300, 450 and 184 
580MW respectively. Accordingly, the load distribution characteristics of the plant studied was 185 
roughly analyzed on the basis of the operating data for 20 consecutive days as shown in Table 1. 186 

Table 1 187 
The load distribution of the plant within 20 consecutive days. 188 
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Load distribution 
interval 

High load condition 
(≥500MW) 

Medium load condition 
(400MW-500MW) 

Low load condition 
(≤400MW) 

Sum of time periods 
(Δ5+) 149.5 h 121.0 h 209.5 h 

Proportion 31.15% 25.21% 43.65% 

Consequently, the global weight coefficient of the 27 branch-pipes for the plant studied could be 189 
obtained featuring the distribution of NOx flux in each sub-zone under full load conditions. As shown 190 
in Fig. 5, it was easily found that global weight coefficient varied greatly for different branch-pipes. 191 
For example, the global weight coefficient of branch-pipe 5-1 was found to be the maximum reached 192 
to 1.087. Meanwhile the global weight coefficient of branch-pipe 9-1 was only about 0.760. 193 
Accordingly, the opening of the valve installed on branch-pipe 5-1 should be maintained at 194 
maximum, and the opening of the valve installed on branch-pipe 9-1 should be maintained at 195 
minimum. Only in this way can the NOx/NH3 mixing ratio be matched well. 196 

 197 

Fig. 5. The global weight coefficient of 27 branch-pipes of the SCR system. 198 
Table 2 199 
The strategy for NH3 injection based on the weight analysis. 200 

Valve 

numbering 

1-2 2-2 3-2 4-2 5-2 6-2 7-2 8-2 9-2 

1-1 2-1 3-1 4-1 5-1 6-1 7-1 8-1 9-1 

1-3 2-3 3-3 4-3 5-3 6-3 7-3 8-3 9-3 

Valve  

Opening (°) 

56 58 54 80 80 70 54 60 39 

54 60 52 75 80 80 54 58 38 

52 58 54 65 65 65 56 56 44 

The opening of AIG valves installed on each branch-pipe should be adjusted accordingly based 201 
on the weight coefficient differences and the coordination principle as shown in Eq. (8). The AIG 202 
valve used in this case had a maximum opening of 90° and a minimum opening of 0°. Moreover, the 203 
)-/� was found to be 1.087 and the ��-/� was empirically assumed to be 80°. The opening of 204 
these 27 AIG valves would be kept within a reasonable range via a reasonable compression 205 
coefficient <, which was empirically set to 0.011 here. The optimized NH3 injection strategy adopted 206 
could be shown in table 2. 207 
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3.3. The evaluation of the optimized NH3 injection strategy 208 

The application effect could be reflected through the analysis of the ammonia consumption rate, the 209 
uniformity of outlet NOx distribution and the rising rate of the flue gas resistance of air preheater, 210 
once the optimized NH3 injection strategy was put into use for a period. 211 

3.3.1 The ammonia consumption rate 212 

The ammonia consumption rate (ACR) was adopted to evaluate the application effect of the 213 
optimized ammonia injection strategy as shown in Eq. (9). It could be inferred that the higher ACR, 214 
the lower the utilization rate of ammonia and the more ammonia escape. 215 

=�> = ?/ @A��B�*� C ��B�BDEFGHI⁄                          (9) 216 

where ?/(mg·h-1), ��B�*� (mg·Nm-3), ��B�BDE(mg·Nm-3), GH(Nm3·h-1) represented the mass flow 217 

of ammonia consumed, the mass concentration of inlet NOx, the mass concentration of outlet NOx 218 
and the volume flow of flue gas, respectively. 219 

The optimized NH3 injection strategy was applied on the SCR system at the end of June. The 220 
ammonia consumption characteristic of the SCR system before optimization could be reflected by 221 
the average ACR in the first half of the year, which was calculated 0.420 as shown in Fig. 6. 222 

 223 
Fig. 6. The ACR before and after optimization in the case work. 224 

However, the average ACR was reduced to 0.367 in the second half of the year after 225 
optimization. It was obvious that the average ACR of the SCR system reduced about 12.62% due to 226 
the application of the optimized NH3 injection strategy. The occurrence of the ACR decrease could 227 
be designated to the optimization of the NOx/NH3 mixing ratio. The formation of ABS can be 228 
significantly confined, improving the operation performance of the plant.  229 

3.3.2 The uniformity of the NOx distribution of cross-section C  230 

After the application of the optimized NH3 injection strategy, the NOx distribution of each 231 
discrete-node within the cross-section C was obtained again under 2 sets of stable load conditions 232 
including 300 and 580MW as shown in Fig. 7(a)~(b). 233 
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（a） （b） 

Fig. 7. The distribution of NOx within cross-section C under different loads after optimization: (a) 300 MW, (b) 580 MW. 234 
As can be seen from the Fig. 7, the uniformity of outlet NOx concentration distribution was both 235 

obviously improved under 300 or 580MW load condition. The standard deviation of 300MW load 236 
condition was reduced from 51.79% to 14.27%, and the same indicator of 580MW load condition 237 
was similarly reduced from 83.67% to 14.16%. It could be calculated that the standard deviation of 238 
outlet NOx concentration distribution would reduce from 67.73% to 14.22% with a decrease of about 239 
79.01% after the optimization. Consequently, the total amount of ammonia could be reasonably 240 
injected to limit the ammonia escape at any discrete-node within cross-section C.  241 
3.3.3 The rising rate of the flue gas resistance of air preheater 242 

There is no doubt that the ammonia escape would be reduced due to the reduction of the ACR. 243 
This would help to inhibit the formation of sticky ABS on the cold side of air preheater, confining the 244 
rising rate of the flue gas resistance of air preheater.  245 

 246 
Fig. 8. The rising trend of the flue gas resistance of air preheater in the SCR system 247 

As can be seen from the Fig. 8, the rising trend of the flue gas resistance of air preheater showed 248 
different characteristics before and after optimization. Before the application of this technology, the 249 
average resistance of A and B side was about 0.875kPa, 1.026kPa. And the monthly rising rate of 250 
these two sides was relatively low, at 11.01% and 23.06%, respectively. The rising rate has changed 251 
dramatically after the optimization. The rising rate of the flue gas resistance of A side was still 252 
increased slowly, but the increase of that of B side was obviously accelerated. According to the 253 
analysis of the three-months operation data after the optimization, the average resistance of A and B 254 
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side was found to be about 1.099kPa and 1.815kPa. It should be noted that the rising rates of A side 255 
optimized increased by 14.67% and the rising rates of B side unoptimized increased by 53.85%. The 256 
rising rate of flue gas resistance could be reduced by about 39.18% due to the application of the 257 
optimized NH3 injection technology. This implied that the formation of the sticky ABS on air 258 
preheater was significantly inhibited through the application of this technology. 259 

4. Conclusions 260 

A technical method for diagnosing the distribution of NOx flux was proposed for optimizing the 261 
NOx/NH3 mixing ratio in SCR system of power plant. The ACR of the SCR system was reduced 262 
about 12.62% and the uniformity of outlet NOx distribution was obviously improved by about 79.01% 263 
with regard to the standard deviation after the application of the optimized NH3 injection strategy. 264 
The rising rate of the flue gas resistance of air preheater was about 39.18% lower than that of the 265 
unoptimized side of SCR system. The formation of sticky ABS might be significantly confined with 266 
thanks to the application of this technical method. 267 
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Highlights 

 
 

� NH3 injection strategy of AIG area was obtained via analysis of NOx flux 

distribution 

� Ammonia consumption rate and smoke-flow resistance rising rate was limited. 

� The uniformity of outlet NOx distribution was greatly improved. 


