
Measuring opacity and 
particulate matter
With cement production being a potential source of several hazardous air pollutants 
(HAPs) that are subject to strict regulations to protect human health and the wider 
environment, AMETEK Land talks technologies available for the monitoring of smoke and 
dust emissions from the process.
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Among the most obvious of hazardous 
air pollutants (HAPs), as it is readily 

visible by eye, is particulate matter (PM) 
– particles of smoke and dust. Small 
particles below 2.5µm in diameter are a 
special concern as they pose the greatest 
risk to health. 

Some PM emissions can be categorised 
as fugitive and are generally subject to 
work practice controls. However, the main 
sources of emissions are the pyroprocesing 
unit (preheater, precalciner and kiln) 
and the clinker cooler, whose flue gases 
contain high concentrations of PM. If they 
are working correctly, modern abatement 
devices such as bag filters are highly 
efficient and remove over 99.5 per cent 
of the PM in the flue gas. The purpose of 
emissions measurement is to demonstrate 
that the abatement devices are functioning 
as intended and that the residual PM 
emissions comply with the allowable 
emission limit values (ELVs).

Compliance analysers
Compliance analysers are known as 
Continuous Emissions Monitoring Systems 
(CEMS) or Automated Measuring Systems 
(AMS). The term CEMS is more common 
in the Americas whereas AMS is generally 
used in Europe and Asia. 

Any analyser used for CEMS/AMS 
applications must be accurate and 
reliable. EN 13284-2 (Quality Assurance of 
Automated Measuring Systems) provides 
a rigorous framework with four different 
quality assurance levels that must be met. 
This standard is mandatory within the 
European Union and is finding acceptance 
in India, South Africa and many other 
countries.

Many different technologies can be used 
and, while none are ideal for all situations, 

there are applications where a specific 
technology offers a clear advantage. 

Opacity monitors
Most modern compliance PM monitors rely 
on the interactions between light, particles 
and the gas stream to sense the presence 
of PM. These interactions are illustrated in 
Figure 1.

The earliest PM monitors measured 
the opacity of the gas stream. Opacity 
is defined by 
ASTM D6216 as 
“the degree to 
which particulate 
emissions 
reduce…the 
intensity of 
transmitted 
photopic light and 
obscure the view 
of an object”. 

A modern 
opacity 
monitor, such 
as the AMETEK 

Land 4500 MkIII (Figure 2), comprises a 
transceiver mounted on one side of the 
stack and a retroreflector mounted on the 
other. It measures the amount of light, 
which is lost in crossing the stack, relative 
to the baseline measured when no PM 
is present. A clear stack with no PM has 
zero per cent opacity and a completely 
obscured beam has an opacity of 100 per 
cent. In practice, most modern processes 
have opacity values well below 10 per cent.

Figure 1: interactions between light and particles

Figure 2: AMETEK Land 4500 MkIII opacity monitor
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Laser light-scattering methods
Even the best opacity monitors are limited 
by the fact that the measurement relies 
on the instrument’s ability to distinguish 
changes in light level caused by PM passing 
through the beam from baseline drift 
caused by other factors. For this reason, it 
is not generally possible to use an opacity 
monitor to measure extremely low-level 
emissions when the ELV is much lower 
than 20mg/m3. Laser light-scattering 
methods offer higher sensitivity at low dust 
levels because they have no optical signal 
unless there is dust present.

Such low-level PM monitors rely on 
either forward- or back-scattering of 
laser light. Both mechanisms give good 
sensitivity and stability, though there are 
practical advantages to each method.

Both forward- and back-scatter PM 
monitors are installed using a single port, 
unlike an opacity monitor which requires 
separate mounts for the transceiver and 
retro. The forward-scatter device has 
better sensitivity because more light is 
scattered in the forward direction, and its 
readings are more repeatable in processes 
where the particle size changes. In most 
cases, a forward-scatter probe is the better 
choice for high-accuracy measurements on 
low concentrations of PM.

Back-scatter monitors have no 
components inside the stack, so they can 
tolerate higher process temperatures. They 
also have a simpler design, so the cost is 
generally lower than for either opacity or 
forward-scatter design. Periodic quality 

audits are simplified because there is no 
need to remove the probe from the hot 
flue. 

Their drawbacks include the lower 
intensity of back-scattered light and the 
increased dependence on particle size 
stability. Taken together, these mean 
that back-scatter monitors are better-
suited to less-demanding applications 
where cost and convenience are the key 
considerations.

Calibration
In most cement industry applications, ELVs 
are expressed as PM concentration in mg/
m3. No matter what physical principle is 
employed, measuring PM concentration 
with an optical device requires a 
calibration which relates the optical 
parameter – typically opacity or scattered 
light intensity – to the dust concentration 
in the flue. The details differ depending on 
the regulatory authority, but in general, 
the readings from the instrument are 
compared to the PM concentrations 
determined by a series of manual reference 
method measurements, a process known 
as a correlation test.

Both the European standard EN 13284-2 
and the US EPA Performance Specification 
11 require a minimum of 15 valid data 
points. Statistical tests are applied to 
the data and, if successful, the result is 
a validated mathematical relationship 
between the optical measurements and 
the PM concentration. The parameters are 
then entered into the instrument and the 

data can then be reported to the relevant 
authorities. Unfortunately, it is not possible 
to generalise and so the calibration 
parameters must be determined 
individually for each process.

The drawback of the correlation test 
is that reference method measurements 
require several days of work by a skilled 
stack tester. The US EPA allows a simpler 
method, called a continuous parametric 
measuring system (PM-CPMS), which sets 
a site-specific monitoring limit in terms 
of the instrument’s raw measured signal, 
which may be the scattered light level 
or the opacity. These are compared to 
a limited number of reference method 
tests and used to set a parametric limit 
equivalent to 75 per cent of the emission 
limit value. 

The advantage of this approach is that 
statistical tests and extensive data analysis 
are not needed. The drawback is that there 
is less operational overhead as the site-
specific parametric limit is rather lower 
than the actual emission limit value.

Monitoring on the rise, 
emissions going down
Globally, requirements for PM and opacity 
monitoring are on the rise and emission 
limits are going down. Therefore, having 
effective and reliable opacity and PM 
monitoring equipment is vitally important 
to ensure that a cement plant is operating 
within permitted levels.  

As regulations become increasingly 
stringent, accurate monitoring will become 
even more important to ensure a plant 
remains compliant. The correct choice 
of measurement technology is the key to 
accuracy and reliability. Opacity monitors 
are ideal when the ELV is 20mg/m3 or more 
but light-scattering devices are generally 
required for the lowest emission limits. n

Figure 3: opacity and laser light-scattering monitors. 
Top – opacity, middle – forward scatter, bottom – backscatter

“As regulations become 
increasingly stringent 
accurate monitoring 
will become even more 
important to ensure a 
plant remains compliant 
and the correct choice of 
measurement technology 
is the key to accuracy and 
reliability.”


