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Critical sampling in the cement industry:

economic drivers
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The total global cement production in
2020 was around 4.1billiontons, making
it the industrial processes sector respon-
sible for the highest single contribution of
emitted CO, worldwide, with no less than
27% of the directly industrial-released
CO,."! Modern rotary kilns in cement
plants have a production capacity of
5000-10,000t per day, and for each
ton of clinker produced, ~910kgCO, are
emitted to the atmosphere.? These emis-
sions stem from three main sources: i)
decarbonisation of limestone, ii) fuel for
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Technical Info Box

Compared to many traditional mining
and minerals processing industries based
on heterogeneous mineralisations and
materials (e.g. base metals, gold ores),
cement production is based on rela-
tively homogeneous raw materials (clay,
limestone), supplemented by a few
aggregates to ensure consistent product
quality. Traditionally, therefore, rather less
attention has been paid to the strictness
of the TOS within this industry. Sampling
of the clinker is typically performed from
the running process stream with a cycle
of one sample per hour. After sampling,
the clinker is coarsely crushed in a jaw
crusher to a grain size of less than 5mm.
This allows representative sampling to
reduce the sample quantity to approxi-
mately 100g. In modern plants, samples
are transported to the laboratory by
pneumatic transportation. In the labo-
ratory, sub-samples are finely ground
(<45um) and prepared for automated
X-ray fluorescence (XRF) and X-ray
diffraction (XRD) analysis. To be able
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the rotary kiln and iii) fuel for the elec
tricity consumption of the cement plant.
There is a vital sampling role hidden
away in this big picture, illustrated here
with five scenarios for a critical process
control parameter termed “LSF” (Lime
Saturation Factor), the economic impact
of which is the main focus here.

CO, budgets

In order to meet international agree-
ments on climate change targets, and
with introduction of “CO, certificate trad-
ing” in Europe in 2005, in addition to dili-
gent process control, a new aspect for
successful and economic cement plant
operation arises. Due to CO, certifi-
cate trading, the importance of reliable
sampling in cement production must
be considered from the point of view
of the lowest possible CO, production
and the highest possible reliability of

to use automated analysers, only about
10—15g of sample material is needed,
which is pressed into a steel ring (@
51.5mm). Since the penetration depth
of the analyser's X-rays is only a few
micrometres, in reality only a very small
portion of these few grams is analysed.
It is obvious that sampling plays a criti-
cal role in this measuring system context.
The effective sampling rate (clinker-to-
aliquot) is closely related to the clinker
production rate (see Table 1) but can be
estimated as ~1:50,000,000—which
under all circumstances is daunting.

However, the subsequent sample prepa-
ration also has a considerable influence on
the analytical result. A measurable param-
eter for the quality of sub-sampling and
sample preparation is the standard devia-
tion, used as a measure of spread between
replicated sampling and analysis results.

In addition to the classical elemental
breakdown of chemical analysis, three
so-called moduli are used in the cement
industry for chemical classification. The

the data obtained.® Studies have shown*
that a 59% variation in the single most
important process monitoring parame-
ter, LSF (see Technical Info Box), leads
to an increase in CO, emissions of up
to 16.4kgCO, /1t clinker. Likewise, CO,
emission from carbon-based fuels, by a
similar 5% variation in LSF, increases by
17.2kg CO, /1t clinker.

A sampling bias can very easily be
introduced regarding the LSF, which can
have severely amplified economic conse-
quences.

The economics of it all

To illustrate the economic consequences
of these technical relationships, one esti-
mates the current financial impact based
on a certificate price of €55t™' CO, (even

most important of these is the so-called
Lime Saturation Factor (LSF) which is
calculated as follows:?

LSF=100x CaO/
(2.8 x5i0,+0.65 x Fe,0,+ 1.18 X AL,O,)

The three critical moduli are used
to monitor and control the production
targets. During the cement manufacturing
process, heterogeneity of the intermediate
products decreases continuously from the
raw mixture to the finished product (good
process control). The composition of the
raw material mix and of the secondary
fuels used are of significant importance
for the clinker burning process efficiency,
and also have a decisive influence on the
composition of the clinker. Process control
must, therefore, be carried out in such a
way that the chemical and physical prop-
erties of the clinker remain as constant
as possible. For this sensitive target, the
quality, representativity and reliability of
process sampling operations ARE of key
importance.
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Table 1. Estimated additional CO, release for different production capacities caused by errone-
ously determined LSFs and the financial impact in terms of CO, certificate price trading. These
certificate costs could be saved by running the cement plant with a well-controlled process close
to product specifications and with optimised power consumption.

Rel error (%) Production in t/day
LSFfactor | 1000 | 2000 10,000

1 3280 6560 16400 32,800
2 6560 13020 32800 65,600
Clinker 3 9840 19,680 49200 98,400
4 13120 26240 65600 131,200
5 16400 32800 82000 164,000
1 3440 6880 17200 34,400
2 6880 13760 34400 68,800
Fuel 3 10320 20,640 51,600 103,200
4 13760 27520 68800 137,600
5 17200 34400 86,000 172,000
Estimated costs for CO, certificate (€)
! 370 739 1848 3696
2 739 1478 3696 7392
Day 3 1109 2218 5544 11,088
4 1478 2957 7392 14,784
5 1848 3696 9240 18,480
1 110,880 221,760 554,400 1,108,800
2 221760 443,520 1,108,800 2,217,600
G O\(()eda;ys) 3 332,640 665280 1663200 3,326,400
4 443520 887,040 2217600 4435200
5 554,400 1108800 2772,000 5,544,000

though increasing prices can be expected
for the next years). The economic conse-
quences of non-optimal LSF estimation
are huge, as shown in Table 1. Here a
relative error for the LSF ranging from 1%
to 5% is considered, correlated to the
simulation data given by Cao et al.* for
typical daily production rates.

Highly sensitive sampling

It is very easy to introduce a signifi-
cant variability in process monitoring
and control if proper attention is not
brought to bear—making representative
process sampling essential. This can be
illustrated for the same LSF parameter,
based on XRF measurements. Results are
presented below from an analysis repeat-
ability test (10 analytical results from the
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same sample). One re-analysis shows
an “accidental” higher amount of Fe,O;
which, however, changes the average
LSF magnitude significantly, from 105.44
to 102.15. This single sample prepara-
tion variation is consequently responsi-
ble for a relative error of ~4% for the
LSF, Table 2. With the economic impact
of even small LSF variations as shown in
Table 1, all sampling, sub-sampling and
sample preparation variability is decid-
edly unwanted. TOS to the fore!

Insight leads to greater
climate responsibility

The above economic relationships define
three main goals for continuing vigilance
regarding optimised cement produc
tion control to be in optimal compliance
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with increasingly stringent climate policy

efforts, which today should be included

in sustainability reports from all forward-
looking cement manufacturers:

B Process and product specifications,
as close as possible to minimum
climate impact demands

B Design of alternative, more climate-
friendly cement products

B Low-energy operation and low-CO,
cement plant emissions

Thus, today there are both environ-
mental, technological, economical (plant
scale, global climate scale) as well as
somewhat "hidden” sampling drivers for
a continuously evolving cement indus-
try—no longer mainly driven by narrow
economic incentives alone. The TOS has
a role to play nearly everywhere, and the
economic costs for even a minor lassi-
tude can be substantial, as was shown
above (Table 1), in which a LSF uncer-
tainty of 49 (rel) results in estimated
potential additional certificate cost of
€4.4 M per year.

There are other, non-optimised
sampling issues in cement produc
tion, first and foremost primary clin-
ker sampling. Often scoop sampling is
applied in this stage, a sampling method
that critically needs to be reconsidered,
because a complete cross-section of the
process stream is traditionally consid-
ered “almost impossible” to achieve.
Remarkably there are not many publicly
available clinker sampling rate estimates,
nor assessments of the associated
sampling errors.
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