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Preface : 

 

This report summarises the results from the SNCR trials conducted by Flow.Vision A/S (FVAS) on 

kiln 1 (RDL1) at Nesher Israel Cement Enterprises Ltd’s Ramla Plant (Nesher) in September 2011. 

 

The tests were made with a manually operated test rig from FVAS employing a 25 [% w/w] aqueous 

solution of ammonia. 

 

The trials comprised: 

 

- Installation of the test rig and leakage test on water. 

- Ammonia injection in selected sets of the available penetrations in the pre-heater tower to 

identify the optimum injection sites. 

- Parametric testing of the optimum nozzle set-ups identified. 

- Dismantling of test rig. 

 

This report consists of the following main sections: 

 

- Description of the employed injection ports. 

- A description of the FVAS SNCR injectors used. 

- An overview of the performed tests and presentation of the achieved results. 

- A description of the test evaluation principles and calculations involved. 

- Conclusion and recommendation for future operation. 

 

The author wishes to thank the employees of Nesher Cement, Ramla Plant for their great hospitality, 

positive attitude and practical help with the tests.  
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Claus K. Hjørnet 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Nesher Ramla RDL1 

 

Worldwide 

Engineering 

Corporation 

FV.2011.11.02.CKH 

SNCR Test Plant Proj. No. FV 2011-100-229 

Trial Report Page 3 of 23 (0). 

 

RDL1 report ed01 

Summary : 

 

At Nesher Cement, Ramla Plant, a test series with SNCR (Selective Non-Catalytic Reduction) was 

conducted on RDL1 in September 2011. 

 

The tests were made using a portable SNCR injection system from FVAS employing a 25 % w/w 

aqueous solution of ammonia supplied from the existing SNCR storage system servicing RDL2. 

 

In the calciner string an Ammonia Utilisation Factor of app. 58 % and a coverage approaching 95 % 

was achieved with an injection system as illustrated below: 

 

 
 

 

To reduce the potential ammonia slip and possibly achieve a higher Ammonia Utilisation Factor it is 

however recommended to install the injectors immediately above the C5 cyclone as was the case on 

RDL2. 

 

In the kiln string an Ammonia Utilisation Factor of app. 70 % and a coverage of app. 90 % was 

achieved with the injections system illustrated here: 

 

 
 

 

There is a slight risk that this injector setup could lead to unacceptably high ammonia slip, in which 

case an extra injector can be installed in the lower level as indicated by the red arrow. 

 

For economic reasons it is however recommended to start with the above illustrated injector setup 

consisting of 4 injectors. 

 

 

 

 

 

 

 

The future emission 

limit of 500 

[mg/Nm3, d, 10 % 

O2] was reached at 

an ammonia flow of 

app. 600 [l/h], and 

the emission could 

be brought down 

below 200 

[mg/Nm3, d, 10 % 

O2] at a cost of app. 

900 [l/h]. 

The future emission 

limit of 500 

[mg/Nm3, d, 0 % 

O2] was reached at 

an ammonia flow of 

app. 200 [l/h], and 

the emission could 

be brought down 

below 200 

[mg/Nm3, d, 10 % 

O2] by injecting 

app. 400 [l/h]. 
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Introduction : 

 

By the end of 2011 Nesher has to comply with a new emission limit of 500 [mg/Nm3, d, 10 % O2] for 

their plants and have thus chosen to install a new SNCR System on RDL1. 

 

To simplify operation and maintenance and to reduce the necessary amount of spare parts, Nesher has 

decided to make the SNCR system on RDL1 almost identical to the existing system installed on RDL2, 

with a few minor modifications only. 

 

Pumping equipment, Control- & Measuring Modules, Injection Modules and PLC control system are 

thus to be constructed based on the existing drawings, and only the capacity of the equipment will be 

changed if necessary due to the new emission limit. 

 

To size the equipment correctly and to place and configure and optimum injection system, Nesher 

decided to let FVAS conduct the SNCR trials reported herein. 

 

The aim of this work is thus to find the optimum locations to place the injectors, to construct a set of 

injectors with the optimum spray pattern and penetration / mixing properties, and to provide Nesher 

with the data necessary for sizing the flow control equipment. 

 

*) In this report the following units, abbreviations and special terms are used : 

 

[mg/Nm
3
, @]  = [mg] per “Normal m

3
” at standard conditions 

Standard conditions = dry flue gas at 10 % O2 [% v/v, d] 

“Normal m
3
”  = [m

3
] at 101325 [Pa] and 273.15 [K] 

% v/v, d   = [%] by volume, Dry 

ppmv   = Parts Per Million by Volume 

ppmv, d, a  = ppm by volume, dry, at Actual O2 concentration 

% w/w   = [%] by weight 

CCR   = Central Control Room 

CEMS   = Continuos Emission Monitoring System 

SNCR   = Selective Non-Catalytic Reduction 

SCR   = Selective Catalytic Reduction 

NSR   = Normalised Stoichiometric Ratio 

Reductant  = Chemical used for reduction of NOx (ammonia or urea) 

C5 / K5   = Lowermost cyclone in the pre-heater, Calciner- or Kiln-string 

PH exit   = Pre-Heater exit 

RP   = (Kiln) Riser Pipe 

LCV / NCV  = Lower Calorific Value = Net Calorific Value 

AR / ar   = As Received 

 

Other units / abbreviations used are explained where they occur or are considered widely used in the 

business and thus familiar to the reader. 
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Injector Locations: 

 

Calciner String: 

 

 
 

 
 

Injector 1 Injector 2 

 

 
Injector 3 Injector 4 

 

These penetrations were used because they were available and convenient to use. 

 

From a process technical point of view, the injectors would however be better located immediately 

above the cyclone to avoid the disturbing influence of the spreader box and to increase the residence 

time in the given temperature window.  

 

It is thus highly recommended to install the injectors in the future SNCR system on RDL1 as close as 

practically possible to the cyclone outlet – as was the case on RDL2: 

 

 

 

In the flue gas duct above C5, six penetrations were 

potentially available, but 2 of those seemed to have been 

closed with castable refractory lining intentionally 

(marked with red colour). 

 

The tests reported herein were thus conducted using the 

penetrations marked with green colour only. 

 

The shown numbering will be used throughout this 

report. 
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Kiln String: 

 

In the kiln string one set of penetrations were available at the level immediately under the sloping 

section of the kiln riser. In the following these injectors are marked with blue colour and referred to as 

“Upper Injectors” (abbreviated “U”): 

 

 
 

 Injectors U1 & U5 

 

 
 

Injector U2 Injector U4 (#U3 above right hand shock blaster) 

 

Picture from RDL2 showing the 

recommended placing of injectors for 

the calciner string: immediately 

above the roof of the cyclone. 

 

Compared to the locations used 

during the tests reported herein, the 

recommended locations provide an 

additional 0.2 – 0.3 seconds of 

residence time, which could have a 

significant influence on the 

achievable performance – especially 

on the ammonia slip. 
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Injector L1 Injector L2 

 

 

Injector setups: 

 

Calciner string: 

 

In the calciner string two different injector setups were used. One with FVAS standard injectors placed 

as shown below: 

 

 
 

 

 

…and another set with modified injectors as shown below: 

 

On the level right above the bypass extraction point 

(below the level shown above) another set of 

penetrations were available.  

 

These will be marked with red colour and referred to as 

“Lower Injectors” / “L” in the following. 

In setup no. 

C1 all 4 

injectors had 

Ø3.0 tip 

nozzle holes 

placed in the 

centreline of 

the outer 

tube (Ø3.0 * 

0 ° injectors) 
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Kiln string: 

 

In the kiln string 3 different setups were tried in the upper level: 

 

 
 

Setup K1             .  

 

  
Setup K2           . Setup K3                                                    . 

 

In injector 

setup no. C2 

two of the 

injectors 

had two tip 

nozzle 

holes: one 

Ø3.0 * 0° 

and one 

Ø2.0 * 15° 

In setup K1  

the above 

injectors 

were 

combined 

with two 

injectors 

with a Ø4.0 

tip nozzle 

hole app. 

10° off 

center 

In setup no. K2 the 

backwall injector was 

moved to the front wall. 

 

Setup K3 with only two 

injectors in the front 

wall was used for 

comparing the upper 

level with the lower 

level (see next page). 
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Setup K4                     . Setup K5                                                     . 

 

 

SNCR test rig : 

 

The FVAS test rig was fed from the existing storage system by means of the existing Pump Module for 

Reagent, PMR. 

 

A flow transmitter measuring the total flow of ammonia leaving the tank farm was used for measuring 

the flow of ammonia solution used on RDL1 by subtracting the amount of ammonia solution used in 

the Control & Measuring Modules, CMM1 & CMM2, on RDL2. 

 

This flow transmitter is normally used for leakage detection by comparing its signal with the sum of the 

signals from CMM1 and CMM2. In case of a significant deviation between these two figures an alarm 

is normally induced. This function was temporarily disabled during the tests. 

 

At the level of injection the ammonia solution was distributed to the individual injectors in PTFE 

tubing and the amount was controlled manually by means of a needle valve: 

 

 
 

…and the atomising air was distributed through a similar manifold with pressure reduction valve and 

pressure gauge for each individual injector. 

 

 

 

 

 

 

 

 

 

Setup K4 was identical 

to setup K3 except that 

the injectors were 

installed in the lower 

level (indicated with 

red colour). 

 

In setup K5 setup K2 

was combined with an 

Ø3.0 * 0° injector in 

the back wall (lower 

level). 
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Test plan : 

 

When conducting SNCR trials, modifications to the test plan must be anticipated as tests may not 

always turn out as expected, and as the physical conditions may differ from what was originally 

foreseen. 

 

This was the case for this project too, and the test plan ended up consisting of the following tests: 

 

Tests in the calciner string of RDL1: 

 

Date  Test no.   Injector setup   Ammonia flow rate [l/h] 

 

2011.09.18 1.0  No. C1    208, 581, 658, 729 

2011.09.20 2.0  No. C2    346, 483, 583, 644, 697, 859,  

        931, 820, 743 

Tests in the kiln string of RDL1: 

 

2011.09.21 1.0  No. K1    655, 475, 220, 398, 339, 282 

 

2011.09.21 2.1  No. K1, IJ 1, 2, 3, 4  182, 377 

2011.09.21 2.2  No. K1, IJ 2, 3, 4   368, 411 

2011.09.21 2.3  No. K1, IJ 1, 3, 4   400 

2011.09.21 2.4  No. K1, IJ 1, 2, 4   397 

2011.09.21 2.5  No. K1, IJ 1, 2, 3    394 

 

2011.09.21 3.0  No. K2    386, 553, 273, 478, 352, 123 

 

2011.09.22 4.0  No. K3    140, 304, 270, 201 

2011.09.22 5.0  No. K4    201, 282, 325, 309 

 

2011.09.25 6.0  No. K5    96, 464, 405, 434, 345, 269 

 

 

Test Results: 

 

Calciner string: 

 

 

Test 1 

 

  
 

 

With the shown injector setup the calciner head NOx could be brought down below 400 [mg/Nm3, @], 

but as will be evident from the plot showing NOx reduction versus molar ratio the Ammonia Utilisation 

Factor (AUF) was only around 58 % and the coverage probably some 75 - 80 %:  
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Consequently it was decided to try to improve the coverage between injectors number 1 and 2 as 

illustrated below: 

 

 

Test 2 

 

 

  
 

 

 

This modification increased the capacity of the injectors due to the extra holes in the tips of injectors 

number 1 and 2. The calciner head NOx could now be brought down below 200 [mg/Nm3, @] from 

virtually the same level as during test 1, and as is evident both from the above curve and in particular 

from the plot of NOx reduction versus molar ratio shown on the following page, the coverage had also 

been improved significantly: 
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The coverage was now approaching 90 – 95 %, but the AUF remained unchanged since nothing could 

be done to change the effective reaction temperature. 

 

Even though the area closest to the spreader box was avoided as far as possible, it is believed that the 

raw materials introduced there have a cooling effect on the flue gasses reached with the used injector 

setup. If not at the level where the ammonia is injected, then higher up where the 90 – 95 % coverage is 

reached due to mixing. 

 

Based on these results it is recommended to install the injectors in the future permanent SNCR system 

as close as possible to the C5 cyclone and have them injecting the reagent in a 30° downwards angle to 

achieve as much residence time as possible before the raw meal is introduced via the spreader box. 

 

Since the required residence time for the NOx reducing reactions is very short, it is possible that this 

modification can lead to a higher AUF, as the chance exists that the NOx reducing reactions have 

enough time to commence to completion before the flue gas is cooled by the raw meal. 

 

The required residence time for burnout of any surplus ammonia is significantly longer than the time 

required for the NOx reducing reactions, so moving the injectors to the recommended position will 

certainly have the potential to lower the ammonia slip. 
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Kiln string: 

 

Test 1 

 

 

  
 

 

The first test in the kiln string looked quite promising, as the curve was close to being linear all the way 

down to 200 [mg/Nm3, @], but it did seem like it would be possible to improve the coverage so that 

even lower NOx emissions could be reached. 

 

 
 
The achieved AUF was around 67 %, which is considered good, but the slope of the reduction curve 

changed drastically between 70 and 80 % reduction implying that the affected flue gas was saturated 

with ammonia at that point and that subsequent mixing was accountable for the remaining part of the 

apparent coverage of some 85 to 90 %. 

 

Due to the cooling effect of the raw materials introduced by the spreaderbox below, it seemed difficult 

to improve the coverage very much, so it was decided to first check the effect of the individual 

injectors, since the temperature measurements carried out in June implied that injectors 2 and 4 might 

be injecting ammonia in a relatively cold area. 
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Test 2 

 

 
 

Compare to the reference condition with all 4 injectors active, there was apparently no significant 

change to the performance when an injector was switched off. More exact evaluation of the data based 

on molar ratios corrected for variations in the flue gas flow (but not for variations in the initial NOx 

concentration) reviled that a slight improvement may have been achieved by switching off injector 

number 1: 

 

 
 

The apparent improvement may however also have been caused by uneven distribution of the ammonia 

to the injectors. Since there were no flow indicators in the individual injectors’ supply lines, it was 

difficult to assure an even distribution at small flows, and during these tests the flow had to be kept 

relatively low to rule out effects caused by saturation of the affected flue gas. 

 

 

In test 2 the same 

injector setup as in 

test 1 was used, but 

one injector was 

switched off at a 

time to evaluate the 

effect of the 

individual injectors. 
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Since the result of the exact data evaluation were unknown at the time the tests were carried out, it was 

decided to try to improve the coverage by moving the injector in the back wall to the front wall, since it 

was believed that some of the ammonia injected by this injector would cover the same area as ammonia 

injected by the sidewall injector (no. 4 in injector setup K1). 

 

Test 3 

 

  
 

 

The change didn’t seem to have much effect, but a close inspection of the data reviles that the initial 

NOx was slightly higher in test 3 than in test 2, and that 200 [mg/Nm3, @] was reached at a slightly 

lower flow of ammonia solution. This seems to be confirmed by the curve showing NOx reduction 

versus molar ratio: 

 

 
 

It must be noted that the operating conditions were very unstable which may have been at least part of 

the reason why the curve isn’t as linear as for test 2. Still the NOx reduction at NSR = 1 is clearly better 

in test 3 than in test 2. The AUF seems to have increased from 67 % to 70 %. 
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Due to the limited success in the upper level, it was decided to compare the performance for 2 sets of 

injectors placed in the same locations (in the front wall) but in different levels: 

 

Tests 4 & 5 

 

                                                    
 

 

  
 

Setup K3 Setup K4 

 

 

Calculated by linear regression the AUF for the “cold” injectors was 75 %, and for the K4 setup the 

AUF dropped to app. 59 %. This difference is quite significant and not likely to be caused by unstable 

operating conditions. An AUF of 59 % is acceptable, but somewhat lower than what was achieved on 

RDL2. An AUF of 75 % on the other hand might be higher than desirable, as such high AUFs are often 

accompanied by a relatively high ammonia slip. 

 

These results thus confirm the conclusion from the temperature measurements made in July – that the 

available penetrations were either too hot or too cold (*) for optimum performance. 

 

Test 6 

 

 

 

In this test the 

performance of two 

injectors placed in the 

front wall of the upper 

level was compared 

with the performance 

of two identical 

injectors placed in the 

same positions in the 

lower level. 
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The results of test 6 look very similar to the results of test 3: the NOx is reduced from a little over 1000 

to a little under 200 [mg/Nm3, @], but the curve for test 6 seems to be a little more linear. 

 

This could be due to more stable operating conditions during test 6, but is consistent with the 

assumption that more injectors give a better coverage. 

 

Due to the relatively high temperature at injector 5 the AUF does however decrease markedly: 

 

 
 
Injecting some of the ammonia through an injector placed at the lower level obviously reduces the NOx 

removal efficiency due to the higher than optimum temperature in that regime, but it also provides a 

better coverage – both of which lead to lower ammonia slip. 
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Test evaluation and calculations : 

 

Data recording: 

 

During the trials all necessary data for evaluation of the results were collected from the CCR and sent 

to FVAS by mails of 10/10-2011 and 20/10-2011. 

 

Further start / stop of tests, injector set-ups a.o. were recorded manually by personnel from FVAS. 

 

The data in the above mentioned mails were received in the form of Excel spreadsheets. Modified 

versions of these spreadsheets with corrections, calculations, graphs etc. can be forwarded to Nesher on 

request. 

 

Corrections: 

 

To enable plotting of data some corrections have been made when the electronic data logging failed as 

indicated by “U”s in the records. Where such corrections have been made, the corrected data have been 

marked with red colour (the time records have not been coloured though). 

 

In some of the headings for the recorded data the units of measurements are obviously wrong and the 

assumed correct units have been used in the calculations. The units given in the headings have not 

been changed ! 
 

Evaluation: 

 

When evaluating the results the average flow of reagent has been calculated from the point when the 

flow seemed to be stable and until it was changed deliberately or until some other process parameter 

was changed. The period for which the average has been calculated is marked in the spreadsheet by 

colouring the values used and the corresponding timeframes.  

 

The average NOx emission during a test has generally (with some exceptions though) been calculated 

by using the values for the same period of time as the flow of reagent. In the remaining cases the 

average NOx emissions have been calculated for a period of time that is delayed by one value 

compared to the average for reagent flow. This principle has been applied because there is clearly a 

delay between the time at which a flow rate is changed and until the NOx emission is affected. This is 

because of the flue gas residence time in the ducting and in the sampling system for the CEMS, and 

because a flue gas analyser also requires some time to respond to a change in concentration. 

 

The NOx values used for evaluation are marked with the same colour as the corresponding reagent flow 

rate. 

 

Calculated average values for reagent flow, kiln feed and NOx emission etc. are collected in a 

“Summary” spreadsheet inserted in each Excel “workbook”. These “Summary” sheets have been used 

for generating the graphs inserted in the workbook. 

 

In all graphs the “true” values (as measured / corrected / normalised) are shown, but the plotted lines do 

not necessarily follow these data points strictly. The lines are in some cases made from an invisible set 

of values not marked on the graph. The true values are clearly marked in the summary sheets, and the 

values used for producing lines are also marked, and collected in a special section of the sheet marked 

with a heading. This is done to produce lines that follow the “usual trends” / the laws of nature – as it 

can not be avoided that some measured values sometimes are a bit inaccurate or affected by variations 

in uncontrollable process parameters. It also allows plotting lines going through a multitude of data 

points at almost the same X-value but slightly different Y-values without having the line following all 

the point strictly. 
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Calculations : 
 

NOx emission values: 

 

The bypass NOx emission value recorded in the CCR is given in (mg/Nm
3
, d, a) and must thus only be 

normalised to the standard oxygen content of 10 (% v/v, d). This is done as follows: 

 

NOx, @ = NOx, measured * (21 – 10) / (21 – O2, actual), where: 

 

NOx, @  = the NOx concentration at standard oxygen content 

NOx,measured = the measured NOx value directly from the CCR system 

21  = is the content of oxygen in air in (% v/v, d) 

10  = is the standard oxygen content in (% v/v, d) 

O2, actual  = the oxygen content at which NOx, measured was determined in (% v/v, d) 

 

All other NOx values are given in (ppmv, d) by the CCR, and must thus be converted to (mg/Nm
3
,…) 

by multiplication with the factor 2.05, which is the mass-based equivalent to 1 (ppmv) when 

calculating the NOx as NO2. 

 

Generally each test is evaluated by comparing the NOx emission during the test to a so-called 

“reference value” formed as follows: 

 

Before or after each test with injection of reductant one or two periods with stable conditions and the 

desired operational parameters (i.e. waste water OFF, solvent ON or similar) are identified, and the 

average NOx emission during these periods are calculated. The thus calculated values are called 

“Baseline” values. Such a baseline value may be used as reference value, or if the operational 

conditions change during a test period, the reference value for the test in question may be formed by 

calculating the average of baseline values on each side of the test. 

 

Average values for the various parameters are placed at the end of the period for which they were 

calculated and marked with the same colour as the individual values. 

 

NH3 emission values: 

 

Have not been measured during the tests reported herein. 

 

Flue gas flow: 

 

The flue gas flow during each test has been calculated by scaling a standard flow with the feed for the 

string in question. 

 

The flue gas flow was calculated based on the following standard values: 

 

- feed to C-string: 319 (t/h), dust loss 18 (t/h), flue gas flow = 357143 (Nm
3
, d, 10 % O2 /h)  

- feed to K-string: 187 (t/h, dust loss 15 (t/h), flue gas flow = 228583 (Nm
3
, d, 10 % O2 /h) 

- heat consumption: 681.4 (kcal/kg clinker) 

- bypass rate 5 % = 9998 (Nm
3
, d, 10 % O2 /h) 

 

The flue gas flow during each test has thus been calculated by scaling based on the measured feed rates 

(gross feed including dust loss). 
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Molar flows: 

 

The flow of NOx in (kmoles/h) has been calculated as follows: 

 

nNOx  = V * NOx / 100000 / MNO2, where: 

 

nNOx  = the NOx flow in (kmoles/h) 

V  = the flue gas flow in (Nm
3
, d, 10 % O2 / h) 

NOx  = the reference NOx concentration in (mg/Nm
3
, d, 10 % O2) 

1000000  = the conversion factor between (mg) and (kg) 

MNO2  = the molar weight of NO2 = (14.0067 + 2 * 15.9994) 

 

The flow of ammonia in [kmoles/h] has been calculated as follows: 

 

nNH3  = VR * DR * C / 100 / MR, where: 

 

nNH3  = flow of NH3 in [kmoles/h] 

V  = volumetric flow of reductant in [l/h] 

DR  = the density of the reductant solution in [kg/l] 

C  = is the concentration of the reductant solution in [% w/w] 

100  = %-factor 

MR  = is the molar weight of the reductant 

 

NSR 

 

The definition of Normalised Stoichiometric Ratio is the molar ratio divided by the theoretical 

stoichiometric ratio – thus, if a molar flow of 2 [moles/h] of NH3 is used to treat a molar flow of 1.5 

[moles/h] of NOx, the molar ratio of NH3 to NOx is 2 / 1.5 = 1.333… [moles/mole] 

 

If the reaction between these compounds commences according to the following equation: 

6NO + 4NH2 => 5 N2 + 6 H2O 

 

The theoretical stoichiometric ratio is 4 / 6 = 0.666… or 2/3 

 

The normalised stoichiometric ratio is thus : 1.333… / 0.666… = 2 

 

In this report it is assumed that the only reaction occurring between the reactants is the 

following: 

 

4NO + 4NH3 + O2 => 4 N2 + 6 H2O 

 

…where the theoretical stoichiometric ratio is 1.00. 

 

The normalised stoichiometric ratio and the ammonia utilisation factor (AUF) are both calculated based 

on this assumption unless clearly stated otherwise. 

 

The NSRs are further calculated relative to the initial NOx – not relative to the amount of NO removed. 

 

NOx reduction : 

 

The achieved NOx reduction figures have been calculated from the following formula : 

 

NOx reduction [%] = (NOx, initial – NOx, final) / NOx, initial * 100 

 

…where the used figures are averages for the time periods considered. 
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Conclusion : 

 

Calciner string: 

 

With a set of customised injectors from Flow.Vision A/S fairly good results were achieved by injecting 

ammonia solution through the available penetrations in C5 exit: 

 

 

 
 
With this injector setup an Ammonia Utilisation Factor of app. 55 % was achieved, and the coverage is 

estimated to some 90 - 95 %. 

 

 
 
It is however clear from the above sketch that some areas of the cross section are not very well covered 

by the injectors, why some of the achieved coverage must be assumed to be caused by subsequent 

mixing. Some of the injected ammonia will thus have to react at an elevation somewhat higher than the 

injection level where the flue gas must be assumed to have been mixed with and cooled by the raw 

materials introduced at the spreaderbox (indicated by rectangle). 

 

It is thus feared that the shown injector setup could result in a somewhat elevated ammonia slip. 

 

It is consequently recommended to install the injectors for the permanent SNCR system immediately 

above the roof of the C5 cyclone as was the case on RDL2. This strategy may result in a higher 

effective reaction temperature and will certainly result in a longer residence time for the reagent in the 

given temperature window. Both of these factors lead to lower ammonia slip.  

 

 

 

It was thus demonstrated that the 

NOx emissions could be reduced 

to below 200 [mg/Nm3, @] from 

an initial concentration of almost 

1300 [mg/Nm3, @]. 
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Kiln string: 

 

  
 

 

With this injector setup the highest Ammonia Utilisation Factor of app. 70 % was achieved, and the 

coverage is estimated to amount to some 90 – 59 %. 

 

 
 

Operating with such a high AUF may however result in a relatively high ammonia slip, why it might be 

advisable to add an extra injector as done in test 6: 

 

 
 

 

It was thus also demonstrated 

that the NOx emission from the 

kiln string could be reduced to 

below 200 [mg/Nm3, @] – in 

this case from an initial NOx 

concentration of app. 1000 

[mg/Nm3, @]. 

This setup resulted in a slightly lower AUF than the 

above shown, but the fact that some of the ammonia is 

injected in presumably hotter flue gas and experiences 

a longer residence time in the given temperature 

window will lead to lower ammonia slip than the 

above shown setup. 
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A stoichiometric analysis performed with a proprietary Flow.Vision A/S program does however 

indicate that the high AUF leaves very little ammonia to produce slip, and at a NOx emission of 200 

[mg/Nm3, @] only some 10 [mg/Nm3, @] of ammonia slip is expected. 

 

Missing data (O2 and CO at kiln inlet) and the program’s accuracy leads the author to widen the range 

for ammonia slip to some 3 to 15 [mg/Nm3, @], and in case of occasional low temperatures, poor 

mixing or partial clogging of an injector much higher ammonia slip values might be seen. 

 

The final recommendation from Flow.Vision A/S is thus to install 4 injectors in the upper level as 

described earlier. 

 

If the ammonia slip at a later point should prove to be unacceptably high, a 5
th

 injector can be installed 

in the back wall in the lower level. 

 

 

 

 

Flow.Vision A/S 

2011.11.02 

Chemical Engineer Claus K. Hjørnet 

 


