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Ammonia Monitoring for
DENOX PROCESS

Introduction
The European directive 2001/81/EC of 23rd October
2001 has for objective to limit the emission of
pollutants and ozone precursors in order to improve
the protection of the environment and human health. 
National emission ceilings, taking the years 2010 and
2020 as benchmarks, has been fixed for every European
countries concerning the nitrogen oxides (NOx),
ammonia (NH3), sulphur dioxide (SO2) and volatile
organic compounds (VOC).

The NOx, coming for more than 70% from
combustion in vehicles and power plants, are
responsible for a very significant increase of the
respiratory diseases as bronchitis and asthma, especially
for children and old people. 
A recent three-country European study [1] found that
air pollution causes 6% of all deaths, and thus kills many
more people than traffic accidents.

The nitrogen oxides NO and NO2 directly regulate
O3 production rates and indirectly influence aerosol
abundances in the urban, rural, and remote
troposphere. Emissions of NOx are thus responsible
for the major components of photochemical smog.

DeNOx process
Selective catalytic reduction (SCR) is a well developed
and widely used method for reducing NOx emissions in
the flue gas of a stationary combustor. The process
involves the reduction of NO (and NO2) to N2 with
approximately stoichiometric amounts of ammonia
over a catalyst bed. The overall reaction is:
4NO + 4NH3 + O2 -> 4N2 + 6H2O

The selective non-catalytic reduction process

(SNCR), also known as the thermal DeNOx process,
reduces NO by addition of ammonia in the flue gas
without the use of a catalyst. Ammonia is injected in the
high temperature region of the boiler to reduce NO to
N2 thermally by the same overall reaction as occurs in
SCR shown above.

Selective catalytic reduction systems have also
potential for reducing emissions of NOx in exhausts of
heavy-duty diesel vehicles. A solution of inexpensive
urea stored on the vehicle is injected into the exhaust
upstream of the SCR catalyst. Urea when heated
liberates ammonia, initiating the SCR deNOx process
on the catalyst surface above 250 °C:

(NH2)2CO + H2O -> 2NH3 + CO2
4NO + 4NH3 + O2 -> 4N2 + 6H2O

Therefore the process has to be controlled to keep the
ammonia slip in the exhaust [2]. 
Ammonia plays an important role in the transport of
acidifying pollutants and is also involved in formation of
secondary particulate matter aerosols in the
atmosphere.

Ammonia may also give formation to ammonium
salt that might plug equipment downstream of the
SNCR process.

Some of these ammonium salts are hygroscopic and
corrosive like ammonium bisulphate (NH4HSO4). 

Scoop of existing methods for 
ammonia monitoring
a) Chemiluminescence with NH3 converter
The chemiluninescence is based on the light emission
coming from the chemical reaction between ozone

The aim of this article is to look at the problems and some of the solutions
which have been developed for monitoring ammonia (NH3) in DeNOx process.

(O3) and nitrogen monoxide (NO) as shown in the
following equation: NO + O3 -> NO2 + O2 + light

The ammonia (NH3) must be first converted to NO
by a high temperature converter (about 800 °C). As
NO and NO2 might be present at high concentration in
the sample, the measurement is done alternatively
through and bypassing the converter to subtract the
NOx background. This operation introduces a delay of
a few seconds that is not compatible with short
response time that is needed, especially on motor
exhaust applications.

The chemiluminescence is subject to quenching
effect with the main combustion gases that are H20 and
CO2, producing a de-calibration of the instrument.

b) FT-IR

The FT-IR spectrometry is based on a Michelson
interferometer. The signal is recorded as a function of
the optical path difference between the fixed and the
movable mirror. Then a Fourier Transform is applied
from this interferogram to obtain the spectrum as a
function of wavelength. 
The advantages of this technique are a higher spectral
resolution and a typically higher throughput in intensity
(no slit aperture required) compared to a classical IR
spectrometer.

The FT-IR is a powerful method but its inherent
high cost, long setting up and risk of interferences with
the main combustion gases as H20, CO, CO2, CH4,
BTX limit strongly his application for deNOx process.

c) NIR DLAS (Near Infrared Diode Laser Absorption
Spectroscopy)

The first and second overtones of the
rotational=vibrational modes of many gases molecules
generate absorption bands in the near infrared (0.8 – 3
um).
The absorption spectroscopy is based on the beer-
Lambert law on one of the absorption bands of the
NH3 in the near infrared. The light is produced by a
laser diode with a current modulation to scan the
selected absorption band. 
One of the main difficulties is to select an absorption
band free from other absorption bands coming from
the combustion gases: H2O, CO, CO2, CH4, BTX.

Long-term wavelength stability is one of the most
important problems on laser diode. It will require time
to time a temperature adjustment by a highly qualified
operator to avoid failure.

As the absorption typically drops by an order of
magnitude for every higher overtone, a multi-pass cell is
generally necessary to achieve a correct sensitivity, that
increases the cost of the instrument as well as the
response time as the volume of a multi-pass cell is
significantly higher than a single pass cell.

Moreover, particulates in the gas limit strongly the
maximum acceptable optical path.

d) FT-UV (new method)

The measurement principle is based on the UV
absorption spectrum of the ammonia gas (NH3) in the
UV range (figure). The periodic structure of the
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The Model 4500 MkII+ dust
emissions monitor from Land
(UK) has been granted Mcerts
approval for Continuous Emissions
Monitoring Systems (CEMs) by the
UK Environment Agency. LAND
are proving to be market leaders

again, in having the first (and currently only) Mcerts
certified high performance, double-pass transmissometry
system.

Mcerts testing was performed by the internationally
recognised SIRA, and approved by the UK Environment
Agency under their certification scheme.

The 4500 MkII+ is suitable for a wide range of
industrial applications where the need for flue dust
emissions compliance monitoring is demanded. It can

accurately measure dust concentrations within a range of
0 – 100 up to 0 – 4000 mg/m3.

Already the market leader in the USA, LAND dust
monitors set new standards in optically-based dust
measurement, and offer the only analyser suitable for a
measurement range of 0 to 10 mg/m3. The 4500 range of
dust monitors is firmly established in the USA as one of
the major compliance products available, with in excess
of 1000 instruments installed.

This new approval adds to the growing l ist of
approved products available from Land Instruments
International, including a range of CEM products and
zirconia oxygen probes.

absorption bands coming from the different levels of rotational energy of the gas
molecules is analysed by performing a Fourier Transform on the absorption spectrum.

The main problem is to compute the spectrum is real time (that means in less than
a second) that usual microprocessors are unable to do. Hopefully, high speed DSP
(Digital Signal Processor) recently appeared on the market are able to perform this kind
of calculations in a few tens of milliseconds.

The selectivity is guaranteed by the typical periodic structure of ammonia, different
from any other gases. Typical measuring ranges are from a few ppm to tens or
hundreds of ppm.

Other gases as NOx may be measured simultaneously by the spectrograph for a
low additional cost.

The fully solid-state measuring system is represented on the figure below. A xenon
flash mode lamp having a 10 years typical lifetime is used as UV light source.

A second microprocessor takes in charge all the auxiliary functions: measurement
display, trend graph, 4-20 mA output, data logging, checking, zeroing, calibration.

Conclusion
The FT-UV method appears to be the most suitable method for ammonia monitoring
on deNOx process, whatever for power generator or motor benches. Ultra-fast
response time, high selectivity, no risk of interference with the major emission gases as
H2O, CO, CO2, CH4, moderate cost and very low maintenance are the main
advantages of this technology.

Real applications of this technology on heavy-duty vehicle exhaust bench have
confirmed theses advantages.

The possibility to monitor NH3 together with NO/NO2 on the same instrument
offer to the user a complete tool for deNOx process control and/or optimisation.
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Smart Solutions for
Total Mercury
Analysis HM 1400 TR

Total Mercury Analyzer
● Extractive Total Mercury Analyzer according to the

thermo-catalytic reduction method
● No wet chemicals or dosage equipment required

● Pre-calibrated unit
● Very simple sampling system, especially for

inconvenient installations on the monitoring site
● Low maintenance requirements (half-yearly)

● Measurement of very low concentrations of mercury 
0 ... 45 µg/Nm3 and up to ...2000 µg/Nm3

● Automatic zero check and correction, programmable cycle 
1 ... 99 h, internal calibration module

● Suitability tested by TÜV, approved by BMU 
(similar to Ministry of Environment or EPA)

Typical Applications for the HM 1400 TR
● Waste incinerators, hazardous waste incineration plants 
● Sewage sludge incineration plants 
● Steel plants (scrap metal preparation) 
● Contaminated soil burning plants 
● Crematories 
● Mercury mines and refineries 
● Fluorescent light bulb recycling plants
● Cement plants, Coal fired power plants

DURAG Industrie Elektronik GmbH & Co KG
Kollaustr. 105 · D-22453 Hamburg, Germany
Tel. +49 40 55 42 18-0 · Fax +49 40 58 41 54

Georg Hegwein GmbH & Co. KG
Am Boschwerk 7 · D-70469 Stuttgart, Germany
Tel. +49 711 13 57 88-0 · Fax+49 711 13 57 88-5

VEREWA Umwelt- und 
Prozessmesstechnik GmbH
Kollaustr. 105 · D-22453 Hamburg, Germany
Tel. +49 40 55 42 18-0 · Fax +49 40 58 41 54

ORFEUS Combustion Engineering GmbH
An der Pönt 53a · D-40885 Ratingen, Germany
Tel. +49 2102 9974-0 · Fax +49 2102 9974-41

DURAG, Inc.
Southridge Business Center
1355 Mendota Heights Road #200
Mendota Heights,  Minnesota 
55120, USA
Tel. +1 651 451-1710 
Fax +1 651 
457-7684

www.durag.dewww.durag.de
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Dust Emissions Monitor Gains New Mcerts ApprovalAlcan and ETi Join
Forces to Develop
Sulphur Dioxide
Warning System

Alcan Smelting &
Power UK have
linked with a leading
supplier of environ-
mental monitoring
equipment to dev-
elop a system that

instantly warns of sulphur dioxide being
emitted from its coal fired power station
which could impact local air quality. 

Alcan had already established a highly
successful relationship with Casella ETi
(UK) to ensure its Northumberland plant
complied with all EA emissions
requirements. Casella ETi had supplied
Alcan with its NEO TDL hydrogen Fluoride
analysers to monitor waste gas to
atmosphere, another high concentration
analyser to record HF feed into 
the scrubber plant to assess scrubber
efficiency and a series of four air quality
monitoring stations.

The latest move has been to install a
radio transmitter system to pass information
on SO2 levels collected by all four stations
to a central control room on a minute-by-
minute basis in addition to the 15-minute,
hourly and daily reports normally generated.
This will give Alcan a maximum delay of only
five minutes across the five stations in 
the generation of alarms warning of
excessive SO2.

Should ground levels of SO2 rise
significantly (ground pluming occurs only in
specific meteorological conditions usually
between March and September) the
company is able to immediately change to
the burning of low sulphur (but high cost)
coal in the power station, so reducing
ground level concentrations.

Additional monitoring of wind speed 
and direction is also taking place at two key 
sites alongside extra temperature and 
RH monitoring.
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