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1. Introduction
The use of coal, oil products, natural gas as well as municipal and industrial waste to produce energy in combustion plants leads to formation of pollutants which are emitted with
the flue gas.
Nitrogen oxides (NOx), one of the main pollutants, are formed in substantial amounts, even
under optimised combustion conditions.
Due to the reaction of nitrogen oxides with other compounds in the atmosphere ozone is
formed and leads to the so called summer smog. Other reaction products, nitric acid, cause
acid rain and get into the soil. This leads to the enrichment with nitrates and has a negative
impact on humans, vegetation and animals.
For this reason in most of the industrialised countries laws are put in force to limit nitrogen
oxide emissions. The emission limits are continuously adjusted to the state of the art and
periodically restricted.
Regarding the provenience of the NOx emissions across the industrial branches, more than
half are produced by the incinerators (Figure 1) [3].
Partly nitrogen oxides are formed at high temperatures due to oxydation of nitrogen from
the combustion air – the so called thermical NOx. On the other hand nitrogen oxides are
formed by oxydation of the organically bounded nitrogen in the fuel. The nitrogen content
in the fuel seriously influences the NOx emission (Figure 2).
Recently NOx is no longer regarded as a single emission but together with other emissions
potencially arising from applying further emission reduction procedures, in order to monitore the amount of non desired side emissions such as the so called ammonia slip (NH3)
and/or the hilariant gas (N2O) and their consequences, but also to determine the quality
of futher applications.
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2. Measures for NOx Reduction

Basically the measures applied to reduce NOx emissions at industrial plants or power plants,
but also at waste incinerators, can be classified into 2 categories:
• primary measures, i.e. preventive measures, designed to avoid formation of NOx emission,
• secondary measures, i.e. post combustion measures, designed to reduce the already formed NOx emission.
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The most common primary measures are:
•

the combustion air graduation,

•

the fuel graduation,

•

the flue gas recirculation.

Certain constructive solutions can be considered already during the engineering stage of
new incinerators, such as a special design of the furnace, in order to mitigate NOx formation.
Primary measures usually reduce the amount of thermical NOx.
On the other hand the most common secondary measures are:
•

the SNCR procedure (Selective Non Catalytic Reduction),

•

the SCR procedure (Selective Catalytic Reduction),

•

the combination of both procedures mentioned above.

The current lecture describes the application of the SNCR procedure as being an efficient
secondary measure. The purpose of this application is the assure continuous operation on
a low NOx level, meeting the required emission limits.

3. The SNCR- Procedure – A Secondary Measure for NOx Reduction
Should the application of primary measures be insufficient to meet the limit for NOx emissions then secondary measures become necessary. Among all known secondary measures
applied at waste incinerators the SNCR procedure is the most common.
One of the first – perhaps even the very first – SNCR plants in Germany was installed in
the year 1989 at a small package boiler of only 8 MW fired with heavy fuel oil, designed
to stand the rough way of operation dictated by a refinery, with all it’s special procedural
characteristics.
The required limit for the NOx emission was 450 mg/Nm³ starting from a baseline of about
850 mg/Nm³. Terms such as ammonia slip, emission of nitrous oxide (hilariant gas), or
deposits of ammonium bisulphate where unknown by that time [1].
In the past twenty years NOx reduction developed very rapidly. The SNCR procedure has
prevailed in almost all fields of combustion technology, in power plants as well as in the
thermal waste treatment.
New demands for the emission limits now arise the question whether the SNCR technology
still has enough potential for development in order to meet the new requirements and if
so, how effective would be the implementation in practice.
According to the SNCR procedure reduction agents such as ammonia water or urea solution are injected into the furnace in a temperature area of 850 – 1,080 °C (Figure 3). There,
in course of the reduction reaction nitrogen oxides (NO) are converted into molecular
nitrogen (N2) and water (H2O).
Prior to the reaction between the injected media and nitrogen oxides water evaporates and
the solid reduction agent particles decompose releasing free amine radicals. In a homogeneous gas phase the radicals react with NO, resulting water and nitrogen:
NH2 + NO ↔ H2O + N2
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NOx reduction and NH3 slip according to reaction temperature

The overall reactions using urea or ammonia are as follows:
4 NO + 2 (NH2)2 CO + O2 ↔ 4 N2 + 4 H2 + 2 CO2

and

4 NO + 4 NH3 + O2 ↔ 4 N2 + 6 H2O
Reaction temperatures out of the optimum area lead to formation of non desired resultants
such as (see Figure 3):
•

high NH3 slip, if the reaction temperature is too low, due to insufficient reaction velocity

•

additional NOx emission, if the reaction temperature is too high, due to oxidation of
NH2

The highest reaction efficiency can be achieved above 940 °C, where the resulting amount
of NH3 slip is < 10 mg/Nm³.
NH3 slip potentially leads to side reactions such as:
•

formation of ammonium sulphate (depending on the concentration of the reagents),
at temperatures below 350 °C
2 NH3 + H2O + SO3 ↔ (NH4)2SO4
Ammonium sulphate contaminates the fly ash and the flue gas treatment byproducts.

•

formation of ammonium bisulphate, at temperatures below 160 °C
NH3 + H2O + SO3 ↔ (NH4)HSO4
Usually the reaction between SO3 und NH3 entirely binds SO3 at higher temperatures.
Thus formation of ammonium bisulphate occurs rarely. Should ammonium bisulphate
appear, it would adhere at the heat exchangers and would lead in time to corrosion.
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•

formation of ammonium chloride, if the concentration of HCl in the flue gas is high
too at temperatures below 140 °C
NH3 + HCl ↔ NH4Cl
Ammonium chloride contaminates the fly ash and the flue gas treatment byproducts.

•

formation of hilariant gas (nitrous oxide N2O) and/or carbon monoxide (CO)
As long as the reaction temperature is high enough, formation of hilariant gas and the
complete oxidation of carbon monoxide have no measurable impact on the treated flue
gas quality.
A higher CO-concentration may occur due to cold streaks which on their turn may
appear at the injection points due to the injected water. However the reduction agent
is injected in a temperature area above 900 °C, thus in modern plants increase of
CO/ammonia slip or any side reactions thereof are negligible.

Beside the continuous development of the SNCR plants it also turned out that the simple
choice of urea instead of ammonia is already a very effective optimisation step in order to
diminish the amount of side reactions. This is because ammonia evaporates at temperatures
far below 100 °C, thus it becomes very hard to carry into the core of the flue gas stream and
requires sophisticated injection systems, equipped with a high number of injection lances.
Otherwise a high amount of ammonia will slip out of the reaction area unused, leading to
the side reactions and negative consequences described above.
On the other hand urea stays after injection as inert aqueous solution until water will
completely evaporate. It will successively generate the required amine radicals for the
reducing reaction. These will penetrate into the core of the flue gas stream where the NOx
concentration is the highest. By using an appropriate injection system and urea as reduction
agent it is possible to minimise the ammonia slip. This enables to diminish the number of
injection lances and injection levels.
Currently the NOx emission limit is 200 mg/Nm³ and there is no fixed limit for the NH3
slip. In future the limits for NOx and NH3 will be 100/10 mg/Nm³.
This tightening of the emission limits means a challenge for the SNCR procedure since
the competing procedure is the selective catalytic reduction (SCR). In order to safely meet
the limit of 100 mg/Nm³ an emission value of < 90 mg/Nm³ as a daily average has to be
achieved. It is frequently noted in public discussions that already today values of 100/10
are achieved by applying the SCR procedure and that very few SNCR plants would be
able to achieve such results. The explanation for this imbalance is obvious: as long as only
200 mg/Nm³ are required, no operator of a waste incineration plant will deliberately aim
to achieve a lower emission, due to increasing running costs.
In Figure 4 a simplified flow sheet of a standard SNCR plant able to reduce NOx emissions
about 60 % up to 200 mg/Nm³, emitting an NH3 slip of 5 – 15 mg/Nm³ is represented.
Typical for this plant are the wall injectors mounted in protection tubes distributed in
one or two injection levels. Under favourable conditions NOx emissions even below
100 mg/Nm³ can be achieved but not guaranteed.
Factors such as
•

boiler plugging during running time,

•

temperature- and mass flow imbalances,
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•

huge furnaces partly equipped with several parallel grates,

•

emission limits of 100/10.

require an upgrade according to Figure 5.
The main features of such a plant are:
•

injection lances controlled in groups or even individually,

•

fast switching of the injection levels,

•

continuous monitoring of the temperature distribution in the furnace (i.e. acoustic
temperature measuring systems etc.),

•

injected media flow control per injection level, per injector group, or per individual
injector according to the temperature,

•

optimised combustion.

These measures safely enable to achieve NOx/NH3 values of 100/10 mg/Nm³. The first SNCR
plants equipped as per Figure 5 are in operation since years thus proving the reliability of
this technology – see an overview of 1 month operation in Figure 6.
Table 1 summarizes the operating data of further already existing SNCR plants, able to
comply to the requirement mentioned above.
The dimensions of the currently biggest furnace of a waste incinerator equipped with an
SNCR plant are 6 x 13.2 m. The lowest NOx emission achieved during continuous operation
is < 55 mg/Nm³ as a daily average value in the dry flue gas, having an NH3 slip < 10 mg/Nm³.
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Figure 6:

NOx emission and NH3 slip at a waste incinerator over 1 month of operation
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Table 1:

Operating Data of Already Existing SNCR Plants
Fuel
Plant
Country

Capacity

Municipal waste
Klementsrud
(N)

Wood residues
Holz & Stock
(CH)

Municipal waste
Amsterdam
(NL)

Municipal waste
Linköping
(S)

2 x 10 t/h

11 MW

2 x 113 t/h

1 x 68 MW

NOx baseline value

400 mg/Nm³

400 mg/Nm³

350 mg/Nm³

320 mg/Nm³

NOx emission value

< 100 mg/Nm³

< 80 mg/Nm³

< 70 mg/Nm³

< 65 mg/Nm³

NH3 slip

< 10 mg/Nm³

< 10 mg/Nm³

< 10 mg/Nm³

< 10 mg/Nm³

Reduction agent

carbamin
(urea carrier)

carbamin
ammonia water
(urea carrier)		

Number of injection lances

1x3

1

2 x 12

carbamin
(urea carrier)
1x6

Source: Pachaly, R.: Erfahrungen mit SNCR-Technologie für Stickoxidgrenzwerte unter 100 mg/Nm³. Lecture at the conference
Optimisation of Thermical Waste and Residue Treatment – Perspectives and Potential

4. Summary
In order to achieve the requirements regarding NOx emissions only primary measures are
no longer enough.
The optimum way to meet the NOx emission limit is to supplement with secondary measures the opportunities given by exploiting the primary measures. Preferably the secondary
measure should be the SNCR procedure.
Nowadays the SNCR technology achieved a degree of development which enables to meet
the even strictest emission limits. Existing SNCR plants can be professionally upgraded in
order to come up to the newest requirements.
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