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1.

The SNCR process was introduced in the eighties of the last century and became the Best
Available Technology (BAT) for smaller and medium sized combustion plants like WtE plants
approximately ten years later. For larger coal-fired power plants, however, the SNCR process
was not considered sufficient to maintain the required NOx reduction at all boiler loads and

X NN kv

Future-Oriented SNCR Technologies —
Application and Advantages of Selective
Cooling in Large Coal-Fired Boilers

Bernd von der Heide
Mehldau & Steinfath
Umwelttechnik GmbH

Germany

INEEOAUCTION ...ttt ettt et sbe e
Principles of SNCR Technology ........ccocuiiiiiiiiiiiieiiiecieeieee e
Influences of Design and Operating Conditions on SNCR Performance.....................
SNCR Application in Coal-Fired Boilers in Poland ............cccccoceevininiiiininincns
Location A — SNCR with In-Furnace Lances ..........ccccoceviiviiiiniiniincniineciceecee
Location B — SNCR with Selective COOlING.........cc.covieriiiiiiiieriieieeieeieeee e

Adaptive FIue Gas COOINE.....c.ueiiieiiiiiieiie ettt ettt et
Defining FIue Gas VEIOCILY .......occuieriiiiiiiiieiieciieeie ettt

Summary and OULIOOK ........cc.eiiiiiiieiiieiieeie ettt eaeesaaeesbeesseeensaes

| B L1< 21 100 (R

Introduction

operating conditions. Thus the SCR technology was applied in most cases.
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While both technologies, low NOx combustion and SNCR, developed rapidly, especially after
the turn of the millennium, the application of the SNCR process became a technically and
economically viable option to minimize the NOx emissions also in larger power plants.

This paper addresses the different approaches in two power plants in Poland where similar
boilers (Type OP 650) with a capacity of 225 MWe are installed. Operating experiences show
that with the latest developments and improvements the current NOx levels imposed by the
regulators can be assured, and that there is also potential to comply with expected more stringent
requirements.

The recent decision of the EU to lower the valid NOx limit for lignite-fired boilers above
100 MW from 200 to 175 mg NOx/Nm? opens the door for the application of the SNCR
technology. In Germany for instance out of 28 power boilers in operation only four comply
with the new regulation.

2. Principles of SNCR Technology

Post-combustion NOx-control technologies which are widely used are the Selective Catalytic
Reduction (SCR) process and the Selective Non-Catalytic Reduction (SNCR) process. The
major difference between the two systems is that without catalyst the reaction takes place in a
temperature range between 900 °C and 1,050 °C whereas with catalyst this temperature window
lies between 160 °C and 350 °C. In the SNCR process reagents in aqueous solution (ammonia
water, urea solution) or in gaseous form (ammonia) are injected into hot flue gases following
the overall post-combustion reactions for

Urea NH2CONH2 +2NO+ % 02 = 2N2+CO2+2 H20
or for
Ammonia 4 NH3 +4 NO + O2 -> 4 N2 + 6 H20.

For an optimum NOx reduction with a minimum NH3 slip it is "only" necessary to evenly
distribute and thoroughly mix the reagent in the flue gases within the appropriate temperature
window. The optimum temperature range to achieve a high NOx reduction combined with a
minimum consumption of reagent and a low ammonia slip is rather narrow and depends to a
great extent on the flue gas composition (Figure 1).

For coal-fired boilers the optimum temperature lies between about 960 and 1,020 °C. Above
this temperature range an increasing amount of ammonia is oxidized, i. e. nitrogen oxides are
formed. At lower temperatures, the reaction rate is slowed down causing ammonia slip which
may result in the formation of ammonia salts and can lead to secondary problems, downstream
the flue gas path. Therefore, ammonia slip should be kept to a minimum.
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Since the temperatures over the cross-section in the furnace are rarely uniform and considerable
imbalances are often found, special measures need to be taken to identify the right positions for
the injectors to distribute the reagent properly into the flue gas under all operating conditions.
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Figure 1: NOx Reduction as a function of temperature

The major difference between ammonia water and urea solution is shown in the strongly
simplified diagram in Figure 2. Urea dissolved in water can only be decomposed into reactive
NHoz-species after the water enclosing the urea particles has been completely evaporated. The
position in the furnace where the reaction should take place can be defined in advance by the
size and the velocity of the droplets leaving the injection nozzles. By changing the pressures of
compressed air and the water/reagent mixture the droplet size and the resulting penetration
depth can be adjusted as needed.
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Figure 2: NOxReduction: Urea solution versus ammonia water
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If the water droplet is big enough, it is possible to inject into a place that is too hot for NOx
reduction. The reagents are now released at the end of the droplets’ trajectories. As a
consequence, the reaction takes place in a colder location within the flue gas. The mass of
dilution water, which is additionally used as a carrier medium for urea solution, ensures a high
penetration depth at rather low energy consumption, and may cool down the flue gas to the
desired temperature if necessary. Since urea is very corrosive, impingement of the droplets on
the heating surfaces has to be avoided under all circumstances.

Ammonia is a highly volatile reagent which is released near the source of the droplet that is the
exit of the nozzle, immediately after the ammonia water has entered the furnace. The NOx
reduction will mainly take place in the cooler area near the boiler walls where it is more likely
that ammonia slip is generated. To ensure an optimum penetration depth, more energy is
required because of the lower mass of ammonia in gaseous form compared to a water droplet.
In traditional plants this is accomplished by increasing the pressure of the steam or air flow
used as a driving medium.
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Figure 3: NOx Reduction - Mixing of ammonia water (NH4OH) and urea (NH2 CO NH>)

A homogeneous distribution is very difficult to obtain as flue gases are very viscous. This
disadvantage, which has often caused a higher ammonia slip in SNCR plants using ammonia
water, can be compensated for to a great extent when dilution water is used as a carrier medium
for ammonia water as well.

The greater mass flow of water causes a lower pressure in the jet stream, compared to using
compressed air or steam alone. Due to the resulting pressure difference, the surrounding flue
gas containing the evaporated ammonia is sucked into the jet stream and mixed with the reagent
which carries ammonia almost as far as urea. This concept produces similar results with regard
to NOx reduction and ammonia slip as do applications where urea is used as reagent — especially
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when the flue gas velocity is low like in grate fired boilers where no heat exchangers are built
into the furnace.

Ammonia water and urea solution can easily be mixed. Since both reagents have specific
characteristics, it was self-evident to combine their features by mixing both reagents or by using
them alternatively. Figure 3 shows how the active temperature window can be expanded by
using both reagents. By the time the water droplet surrounding the urea particle has evaporated,
the NH:2 of the decomposed urea will have reached the cooler area, while the ammonia water
reacts immediately, close to the boiler wall.
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Figure 4: Operating Results — Alternative injection of ammonia water and urea solution (NOxAMID)

The operating results achieved with this combination (TWIN-NOx® Process) are illustrated in
Figure 4. The SNCR system for a coal-fired boiler was originally designed for and operated
with ammonia water. The diagram shows that after injecting urea solution instead of ammonia
water the consumption of reagent and the NOx emission both decrease immediately at full load.
This proved that urea is the preferable reagent for this special boiler design with regard to the
NOx emissions at full load and when the effective temperature window lies between the heat
exchangers.

3. Influences of Design and Operating Conditions on SNCR Performance

The basis of the SNCR technology is to inject the reagents homogenously into the optimum
temperature window and to mix them thoroughly with the flue gases. However, in most cases
this 1s not easy to accomplish since there are several major parameters defining the location and
accessibility of the optimum temperature window, which are for example:
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The boiler design
The design of the combustion chamber

The position of the heat exchangers

The design and configuration of the burners

(profile of temperatures, NOx, flue gas velocities)

The operating conditions in the boiler
The type of fuel

B The reagent — urea solution or ammonia water
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Figure 5: Typical temperature distribution in a coal-fired two pass boiler

Due to the size of power boilers, the problems that have to be solved by suppliers of SNCR
technology are more complex than compared to grate-fired boilers. Especially at full load,
temperatures tend to be too high in the areas that are free of built-in components. Consequently,
at the furnace exit, the reagent will be oxidized respectively burnt to NOx at higher boiler loads.
The temperatures necessary for NOx reduction are often found between the heat exchangers
(Figure 5), which are difficult to access or not accessible to injection at all. In addition to this,
it is practically impossible to measure or determine the velocities and directions of the flue
gases.

4. SNCR Application in Coal-Fired Boilers in Poland

In Poland, where a number of the same type OP 650 with a rated capacity of 225 MW are in
operation, the results of operating experiences with coal-fired boilers prove that even minor
differences in the design of the boilers and the configuration of the burners may have a major
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impact on the flue gas flow and temperature distribution, and consequently on the efficiency of
the SNCR process.

By far the best results could be achieved in boilers with corner-firing, like in the power plant in
Polaniec, Poland, where during trials reduction rates of close to 60 % were realized. In corner-
fired boilers the flue gases are circulated, which has several positive effects on the SNCR
process as opposed to front-fired boilers or boilers with boxer-firing. In corner-fired boilers, the
flue gases have a lower temperature when entering the heat exchangers, the temperature
imbalances are less extreme and the formation of flue gas streams is reduced.

With computer simulations it is possible to provide rather detailed information on all parameters
relevant to the SNCR process, like temperature profile, direction and velocities of the flue gases,
and distribution of components (NOx, CO, Oz etc.). This offers further potential to improve the
performance of SNCR.

5. Location A — SNCR with In-Furnace Lances

In the power plant at Location A in Poland, six coal-fired boilers type OP 650 (Figure 6) are
operated with front-firing. After replacing the burners and retrofitting the supply of combustion
air, a commercial SNCR plant was installed in one of the boilers. Earlier operating experiences
with other boilers and the results of the previous tests with similar boilers were applied as basis
for the design of the SNCR system.
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Individually

Ry 5 Control Valves
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Reagent Storage Area Boiler Air Preheater ESP ID-Fan

Figure 6: Flow diagram of coal-fired boiler OP650 with SNCR

The design includes three injection levels with lances for the injection of urea solution where
each lance can be activated individually, enabling the plant to react to changes of load and
temperature. Due to the extreme temperature imbalances of up to 200 K, which had been
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measured at the beginning of the design phase, an acoustic temperature measurement system
(agam) with two levels was installed. The second agam level allows for a more precise
temperature measurement near the upper injection level and is used to determine the
temperature gradient between the two agam levels. The first SNCR plant (K2) was
commissioned in March 2012 and handed over to the customer shortly after. Since then the
plant has been in continuous operation complying with the NOx regulation < 200 mg/Nm? at all
boiler loads. The last SNCR (K5) was handed over in December 2016.

Before Cleaning After Cleaning Before /| After
c Cleaning

Upper average: 1,249 / 1,013 °C
Upper peak: 1,362 / 1,022 °C

Upper Level

Lower average: 1,287 / 1,208 °C
Lower peak: 4358 /| 1,337°C

Lower Level

20. Nov.15-01:30 h 23. Nov. 15-21:30 h Both cases 140 MW,,, upper mills in operation

Figure 7: Impact of boiler cleaning on flue gas temperatures

After commissioning of the first boiler, the flue gas temperatures at full load were found to be
higher than in measurements prior to the design of the SNCR. There were also considerable
peaks and imbalances in the temperature profile and NOx raw gas concentration. A further
challenge in these boilers is that deposits on the heat exchangers accumulate so much that the
flue gas temperature increases by up to 300 °C between two cleaning cycles (Figure 7).

Therefore, the upper injection level in the second boiler was moved up to a higher position, to
a place where the temperatures are colder, taking into account that less flue gas volume would
be reached with reagent. Although the guaranteed NOx levels in the first boiler had been met,
an optimization process was started in order to analyze the results and find measures to improve
the performance of the SNCR further. To react better to the temperature imbalances, and vary
the injection of reagents depending on the NOx mass flow in this area three NOx control valves
were installed. This resulted in lower ammonia slip both in the flue gas and the ash, and in a
reduction of ammonia water consumption.

Combined with the primary measures, the guaranteed NOx levels of < 200 mg/Nm? are reached
at all operating conditions. The average NH3 load of the fly-ash measured in the period from
January 1, 2013 to July 30, 2013 was 37 mg/Nm? (Figure 8).
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Since the future NOx limits in the EU of 150 or 175 mg/Nm? cannot be guaranteed for all
operating conditions with the present design, other alternatives had to be looked for to improve
the performance of the SNCR.
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Figure 8: Long-term performance data of SNCR in coal-fired boiler (225 MWe)

If flue gas temperatures are too hot for the SNCR technology in those areas which are accessible
to the injection of reagents, one option is to cool down the flue gases with water to the optimum
temperature. In larger boilers where the reagents are practically always injected at right angles
into the flue gas flow, the installation of an additional injection level which can be operated
with cooling water alone, when needed, has proven to be successful in continuous operation.
With this concept cooling water is only applied when temperatures are too high.

@® Cooling Water

© Urea Solution
Flue Gas Temp. > 1,050 °C
Reaction Temp. < 1,050 °C

Cooling Water

Reagent /
Water Mixture

Compressed Air

Figure 9:  Selective Cooling of flue gases for coal-fired boilers
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At lower loads respectively temperatures, the water is switched off. The droplet spectrum for
the injection of reagents is not changed. However, the disadvantage is that temperature
imbalances may lead to higher ammonia slip, because the cooling also takes place in areas with
optimum flue gas temperatures where cooling is not needed.

L3 (41.9 m)

ViewB-B gy 165m

Figure 10: Configuration of injectors at front wall and in-furnace lances

In other places, good results have been achieved with Selective Cooling of the flue gases which
also requires an additional injection level for cooling water beneath the upper injection level.
However, instead of covering the whole level with cooling water, it is injected only in those
areas which are too hot (Figure 9), i. e. depending on the temperature profile individual lances
or groups of lances are activated.

Water _ %_®_I
Urea | £ -
Compr. Airl [ ; @
M&M Module K3 [] X > -
g s 5 Water
1 | Cooler
- % % | ~ L ]
Extension
i M&M Module
1 Buffer Tank
: Cooling Water
Cooling Water
Urea

Figure 11: Flow diagram with injection from front wall and in-furnace lances

However, since flue gas temperatures at the furnace outlet in Location A reach 1,350 or even
1,400 °C at full load, the application of Selective Cooling would not make sense because the
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quantity of cooling water required for cooling the flue gases from 1,400 °C down to the
effective temperature window of approx. 980 to 1,050 °C is so high that the efficiency of the
boilers would be affected too much. This also means that about 50 % of the flue gas are not

usable for NOx reduction because of too high temperatures.

Figure 13: Mobile mixing and metering module Module for cooling water

In order to inject reagent in the flue gas which cannot be treated because of too high temperature
at the end of the furnace, a different approach has been tested. Assuming that the flue gas
temperatures between the heat exchangers are more favorable, two SNCR in-furnace lances
with a length of only four meters have been installed in each side wall of the boiler in the path
between the first and second super heater (Figures 10, 11, 12). The distance between the two
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side walls of the boilers is 16 m. Figure 13 shows the temporary mixing and metering module
for the in-furnace lances and the module for cooling water.

Since one lance of 4 m length already weighs approx. 150 kg it is very difficult to install the
lances manually into the boiler wall and take them out again (Figure 14). It was assumed that
test results with those short lances would provide sufficient information to estimate the
additional potential for performance in commercial operation if longer lances are used, which
would be pushed into the boiler and retracted automatically on devices similar to the retraction
devices for soot blowers.

_:'E‘ -

Figure 14: Installation of in-furnace lances for trial operation

The automatically activated retractors can be taken out of the flue gas flow for instance at lower
boiler loads when they are not needed. In emergency cases when the supply of cooling water
fails, they have to be taken out immediately to protect the lances.

The test results are very positive and show that the present NOx reduction can be increased to
more than 100 mg/Nm? in total if in-furnace lances are used in addition to the injection from
the front wall (Table 1). If four in-furnace lances are used and the lengths of the lances are
extended to cover more distance between the boiler walls, the NOx limits of 175 or 150 mg/Nm?
will be reached. It also could be an option to operate the boiler with higher NOx baselines in
order to decrease the risk of causing corrosion of the walls in the combustion chamber due to
the lack of Oa.

2017.09 Power-Gen Asia__Bangkok-Future-oriented SNCR Technologies-Selective Cooling P. 12/19



Urea (32%) Flow | Water Flow Configuration of NO, NO,
Selected [h] [h] IFL (nozzle @, L, [mg/m?] Reduction
direction of spra mg/m?®
Test Pray) | Raw | Clean | [Mmg/m’]
Results FWL IFL FWL IFL Gas Gas
1 200 200 1000 | 400 |@3.5mmL3 | | 247 178 69
2 200 0 1000 0 - 255 212 43
3 0 200 0 400 |@3.5mmL3 L | 272 238 34
4 0 200 0 1400 |@ 6.0 mm L3 1 ] 254 200 54
5 0 200 0 1400 |@ 6.0 mm L2 1 260 220 40
6 180 180 1020 | 1420 |F6.0 mm L2 1 255 168 87
IFL In-Furnace Lance [ ] IFL, FLW combined
FWL Front Wall Lance [ ] FWL only
L (L2, L3) Injection Level [ ] IFL only

Table 1:  Test results with different lance configurations

6. Location B — SNCR with Selective Cooling

In April 2015, M&S was awarded with the contract to install four SNCR plants in the power
plant of Location B. The boilers are of the same type as in Location A, OP 650, with a capacity
of 225 MW.1. However, some design features are different as shown in Figure 15 and have a
considerable impact on the performance of SNCR as can be seen in Table 2.

Location B Location A 19m  1zm
48m 16m =
hd » [
| " |Design Data Unit [Loc.B |Loc.A
. Boiler capacity t/h 650 650
~40m 7 J\.n
~385m NOy baseline mg/Nm? | 300-340 | 250-280 o
(- NO, emission limits | mg/Nm* | <190 [ <190 |[.37.80m "Ly
N o1 N 3 0 ~1100-1 20033
~aam = i <35 <5. )
232 m s o 30m
:250“67 ))) = ~ | Ammonia in fly ash mg/kg <100 ~50 | -1150-1450°C
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0 Agam level m 30 341
2 @ Flue gas temp. °C 1,300 1,350
2085m — ¥
' d: Furnace cross section| m 19x9 16.9x 9 —
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< ji = o Boiler front wall to m 48 1.9 SN 4
(S platen superheaters ) i o
— -+ »
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Figure 15: Design data of Location A and Location B

In Location B, the arrangement of the heat exchangers is much more favorable than in
Location A. The width of the boiler of 19 m in Location B compared to 16.9 m in Location A,
and the distance from the boiler front walls to the platen super heaters (4.8 m in Location B
vs. 1.9 m in Location A) leave almost three times more space for the reaction of the reagent
with the NOx in the flue gas (91.2 m? vs. 32.1 m?) in the upper injection level, which is relevant
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for the SNCR performance at higher loads. Furthermore, the larger cross-section of the furnace
in Location B (171 m? vs. 152.1 m?) result in lower flue gas velocities, lower flue gas

temperatures at the reaction locations, and longer residence time for the NOx reduction.

Unit SNCR (K4) SN_CR (KG)_
Standard | Selective Cooling

NO, [mg/Nm3] <200 <200
Deionate consumption [I/h] = 9,000 = 2,500
Deionate savings [I/h] - = 6,500
Thermal power deionate evaporation [MWy ] ~10.2 =28
Electrical power deionate [MW,] = 3.6 =1.0
CO, emission " [t/a] ~ 34,000 ~ 9,400
CO, emission savings™ [t/a] ~ 24,600
Operating cost 2 [€/a] =~ 856,800 =~ 238,000
Operating cost savings *2 excl. deionate [€/a] =~ 618,800

"1 Operating hours: 8,000 h/a "2 glectricity cost: 30 € / MWh,,

Table 2: Comparison of standard SNCR vs. SNCR with Selective Cooling regarding water consumption

The concept for boiler K6 was elaborated based on the boiler design, the expected lower flue
gas temperatures, the performance of the standard SNCR which had been installed and
commissioned at boiler K4, and the results and experiences in Location A. Figure 16 shows
the mixing and metering modules of Location B and the injection lances.

Figure 16: Location B - Mixing and metering module

Injection lances for reagent and
selective cooling

The significant difference to Location A is that injection lances for Selective Cooling, installed
below the highest injection level for the reagent, could be utilized because the flue gas
temperatures in this position were lower than in Location A and the space between the front
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wall and the first super heater was larger, which resulted in a much better performance of the
SNCR system.

Figures 17 and 18 show the performance of the SNCR at boiler loads of 215 MWe and
130 MWel during the two weeks reliability run (Figure 19). All guarantee values were achieved
at all loads.

2 zone average level 2 1051°C

Special Features: Boiler 6 e =,
Selective Flue Gas Cooling Wz e oz e 2
2 Temperature Measurement Levels | T,
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Operating Data 7 p oy
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Urea 667 I/h 3 Ll il | sl | 1si-c|| 1ws-c) viss
Process water 1,873 Ilh e
Compressed air 39 m¥h .=
Cooling water 798 I/h [T p— ,J
Compr. cooling air 37 m*h R —

Figure 17: Selective Cooling of flue gases - Operating data at full load (215 MW)
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Urea 269 I/h = — sos -l 'cis-cl |5 clf Toza |l uiacl o <
Process water 2,148 |/h
Compressed air 116 m*h -' :
Cooling water 0l/h C_.j
Compr. cooling air 47 m?h -

Figure 18: Selective Cooling of flue gases - Operating data at partial load (130 MWe)

It is remarkable that the total water consumption which was an important issue during contract
negotiations is approximately 1,000 I/h lower than the guaranteed maximum of 3,500 1/h and
ca. 6,500 1/h lower than the consumption of the standard SNCR installed at boiler K4. These
results demonstrate impressively that the Selective Cooling is superior to other SNCR
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technologies for the discussed type of power boilers and that a significant amount of operating
cost can be saved.

[I\f:\;:fe_d [mg/Nm?] [mg/Nm?] [/h]  Guarantee Values
350 4 L 1400 F 14000
200 | - Boiler Load
g - 1200 112000 135 - 215 MW,
R - 1000 + 10000 NO,

< 200 [mg/Nm?3]

125 1 200 A WWLW - 800 | 8000
Urea

100
150 - MW]WWW - 600 6000 < 6OQ [I/h]
75 -
50 - a .ﬁﬁ.nlllnA I Jm_A Bl i water
— IGH] lvv < 3,340 [I/n]
25{ 507 L 200 | 2000
NH, Slip
0+ o o Lo
19.09.2016 21.09.2016 23.09.2016 25.09.2016 27.09.2016 29.09.2016 01.10.2016 <5 ppm
Boiler Load NO, Urea Water

Figure 19: Performance data during two-week reliability run at Location B

7. Adaptive Flue Gas Cooling

Injecting of water offers the great benefit that extensive and costly modifications of the boiler
can be avoided when the flue gases are cooled down before entering the heat exchangers. The
major disadvantage, however, is that depending on the operating hours at high boiler loads in
which water cooling is necessary, the efficiency of the boiler is affected because of the energy
needed to evaporate the water in the flue gas. Selective Cooling is already a big step forward to
improve the performance of SNCR by cooling down the flue gases.
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Cooling
i Water
-
Cooling Water t1
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Process Water i Level 1
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Figure 20: Principle of Adaptive Flue Gas Cooling
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However, a better solution is to control the amount of water more precisely in order to further
decrease the consumption of cooling water.

To realize this objective a temperature measurement system which generates a temperature
profile has to be installed above the upper injection level in the furnace (Figure 20).

The temperatures are constantly being measured online and average flue gas temperatures are
calculated in defined sections which are assigned to single injectors or groups of injectors.

B Without injection of reagent
B With injection of reagent only

B With injection of reagent and cooling water simultaneously.

At the lowest level, injection of cooling water is generally not needed, since the injectors will
be switched to higher levels as the flue gas temperatures increase with the load.

With the described concept the temperatures and the influence of the injected liquids, i. e.
reagent/water-mixture and cooling water, can be measured. Based on the various temperatures
the flow of cooling water can be adapted as needed to maintain the optimum temperatures
within the injection level in order to obtain efficient NOx reduction and low ammonia slip.
Furthermore, the activation of the lances for reagent can be determined more precisely when
temperatures are measured in two levels.

To achieve this, another temperature measurement system has to be installed for measuring the
flue gas temperatures above the lowest injection level as described for the top level.

7.1. Defining Flue Gas Velocity

It is often neglected that apart from the flue gas temperatures, the flue gas velocities at different
injection positions, are of equal importance for the efficiency of the SNCR process. The NOx
to be reduced depends on the NOx baseline at the injection locations and the target NOx.

NOx mass flow [kg/h] = NOx concentration [mg/m3] * flue gas mass flow [m3/h]

There is high probability that in some areas where the flue gas velocities are low, too much
reagent is injected in areas with similar NOx concentration causing higher ammonia slip since
the reagents do not find enough partners for the chemical reaction. To avoid this, the flow of
reagent should be reduced or stopped to decrease the consumption of reagent and minimize
ammonia slip.

With this arrangement of the temperature measurement systems in two levels, the temperatures
in the levels and sectors can be compared and the temperature gradient between the levels can
be defined more correctly than with traditional methods.
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Since hot flue gases have a higher natural draught and slower flue gases are cooled down more
at the boiler walls and heat exchangers, higher temperature differences indicate a slower flue
gas velocity compared to areas with smaller temperature differences (Figure 21).

This information is the basis to control, respectively adjust the flow of reagent to the
corresponding injectors or groups of injectors with the objective to optimize NOx reduction and
to minimize ammonia slip.

myo  NOx Mass Flow [mg/s]
NO, NOy Concentration [mg/m?]

Flue Gas Volume Flow [m?/s]

v Flue Gas Velocity [m/s]
A Area of Cross Section [m?]
V=vxA

n
My, = ZNoxk XVg=NO,, XV; +NO_, XV, + -+ NO,__ XV,
k=1

Figure 21: NOx Mass flow profile

If measuring equipment were used which provides data of other components like NOx, CO, Oz,
etc. in addition to the temperatures, these data could be incorporated into the control of the
SNCR as well as into a further optimized distribution of the reagent across the furnace for better
performance of the SNCR.

8. Summary and Outlook

In smaller combustion plants, e. g. those which burn waste or biomass, the SNCR process
represents an industry standard and state-of-the-art method. In the meantime, operating
experiences in large combustion plants with a capacity of > 200 MWel have shown over the past
few years that SNCR can safely and reliably achieve the NOx level <200 mg/Nm? which has
been enforced by EU legislation in 2016. Different injection concepts can be used separately or
in combination in order to guarantee yearly average NOx levels of < 175 mg/Nm? for lignite-
fired boilers and < 150 mg/Nm? for hard-coal fired boilers in the future.

The initial results of the newer technologies, like the changing of individual lances, the TWIN-
NO® process, the Selective Cooling and the combination of these methods with primary
measures indicate that there is further potential for developments. The next step will be plants
with boiler capacities from 300 to 500 MWel.
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