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1 Introduction
CIMPOR, Cimentos de Portugal S.A.,Centro de Produção de Souselas, instructed ERGO
Forschungsgesellschaft mbH, Hamburg, Germany, to perform measurements with regard to
concentrations of various components in the flue gas of one cement kiln, located at the
Souselas plant in Portugal. The tests were carried out at kiln no. 2 to determine the
concentrations of dioxins/ furans (polychlorinated-p-dibenzodioxins and polychlorinated-p-
dibenzofurans), heavy metals, hydrogen chloride, hydrogen fluoride, sulphur dioxide,
nitrogen oxides expressed as nitrogen dioxide, carbon monoxide, dust, and total organic
carbon (TOC) in accordance with the EC – Council Directive 2000/76/EC of December 4th,
2000 (Incineration of Waste).

Within the scope of the first Trial Burn (Mini-Teste), first experience shall be gained with the
application of relatively small quantities of so called alternative fuel, (Combustível Alternativo
(CA)), with regard to their combustion in cement plants. Apart from technical questions
concerning handling and dosage, it was most important to examine whether the combustion
of CA results in higher concentrations of hazardous substances in flue gas. In this respect,
the compounds of dioxins/furans and heavy metals – such as mercury for example – are of
special relevance. The investigations are based on the compounds indicated in the EC –
Council Directive 2000/76/EC of December 4th, 2000

The investigations were started with a so-called blank test excluding the application of CA.
The CA quantity applied to following test runs was enhanced to 3 t/h during the course of the
examinations.

As alternative fuel (Combustível Alternativo, CA), a mixture of ca. 40% of hazardous
industrial waste  (Resíduos Industriais Perigosos, RIP) with saw dust (serrim) was used.

2 Plant characterization
The clinker production kiln no. 2 can be described as a four stage cyclone preheater kiln
equipped with grate cooler.

The location and sampling period of the investigations are listed in the following table:

Table 2.1: Location and date of measurements

Company Plant location Kiln # Measuring period

CIMPOR Souselas 2 July 16th – July 27th, 2001

During the stack testing measurements, alternative fuel (Combustível Alternativo, CA) has
been fed into the main burner that was operating with regular fuel. The cleaning of the flue
gas was carried out using a fabric filter. The raw mill was in operation during all tests.

A short documentation of the key data concerning operating conditions was compiled from
recordings from the plant process data system and placed at our disposal. The data listed in
the following tables show normal operating conditions.
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Table 2.2: Operating conditions of kiln 2

Kiln 2
Date Period Raw mill feed [t/h] Kiln feed [t/h] Clinker production [t/h]

16/07/2001 11:00-22:00 97,3 102,0 62,2

24/07/2001 16:00-20:30 98,5 104,1 63,5

25/07/2001 11:00-18:00 109,6 101,4 61,9

27/07/2001 09:30-18:30 111,6 101,7 62,0

The feeding rate of the alternative fuel (Combustível Alternativo, CA) was determined in the
range of 1 t/h to 3 t/h by a balance device of the feeding equipment.

3 Summarized test results
The measurement results are summarized in the following tables.

In accordance with the EC – Council Directive 2000/76/EC of December, 4th, 2000 the
concentrations are standardized to a  temperature of  273 K , a  pressure of  1013 hPa of the
dry flue gas and related to an oxygen content (dry) of 10 Vol%.

Table 3.1: CIMPOR, Souselas kiln 2

Unit Feeding of CA 1)

t/h Blank
test ca. 1 ca. 2 ca. 3

Date of investigations
Date 16.7.01 24.7.01 25.7.01 27.7.01

No. of test run 1 2 3 4
Components
Carbon monoxid (CO) [mg/m³] 399 439 412 466
Nitrogen oxide expr. as NO2 [mg/m³] 896 1.110 940 659
Total organic carbon [mg/m³] 16 46 39 44
Hydrogen chloride (HCl) [mg/m³] 1,2 2,8 2,6 2,0
Hydrogen fluoride (HF) [mg/m³] < 0,2 < 0,2 < 0,2 < 0,2
Sulphur dioxide (SO2) [mg/m³] 97 228 263 302
Total dust [mg/m³] -- 2) 3,9 3,2 6,1
Sum of cadmium (Cd) and thallium (Tl) [mg/m³] < 0,005 < 0,005 < 0,005 < 0,005
Mercury (Hg) [mg/m³] 0,0073 0,011 0,0077 0,011
Sum of Sb to V *) [mg/m³] < 0,05 0,05 < 0,05 < 0,05
Dioxins / furans, I-TEQ-value EN 1948 [ng/m³] < 0,01 < 0,01 < 0,01 < 0,01

*)  antimony (Sb), arsenic (As), lead (Pb), chromium (Cr), cobalt (Co), copper (Cu), manganese (Mn), nickel (Ni), vanadium (V).
1) CA = Combustível Alternativo      2) Evaluation not possible
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Evaluation

By means of the results shown in table 3.1., it shall be examined whether there is a
significant difference between the blank test and test runs including the combustion of CA
regarding the compounds mentioned.

It must be taken into consideration that the concentrations of the substances listed in table
3.1. do not occur in a completely constant way for repeated measurements. This means that
normal operation without application of CA shows a certain range of values which may be
attributed to inevitable variations in the plant operations. This applies to cement plants
worldwide.

This must also be considered when comparing the test runs. CA combustion influence is only
discernible when a so-called significant difference can be stated, i.e. a value which
prominently differentiates from the ranges of values resulting from normal operation.

For dioxins/furans, the sum of Cd and Tl, and for the sum of Sb to V (Antimony (Sb), arsenic
(As), lead (Pb), chromium (Cr), cobalt (Co), copper (Cu), manganese (Mn), nickel (Ni),
vanadium (V)), no difference can be observed between the blank test and test runs no. 2, 3
or 4 (see table 3.1). As far as mercury is concerned, different values were ascertained but
these do not significantly indicate higher values for the test runs where CA was applied. This
is proven by the ascertained mercury concentration of 0.0077 mg/m3 for the application of 2
t/h CA and by the same concentration ascertained for the blank test excluding CA.

A comparable evaluation may be applied to the other compounds (with the exception of
sulphur dioxide). Considering the concentration variations observed during normal operation,
no significant difference can be found between the blank test and the test runs including 1
t/h, 2 t/h and 3 t/h CA. As far as the component sulphur dioxide is concerned, the
concentrations differ significantly: 97 mg/m3 in the blank test and for test runs no. 2, 3 and 4:
228 mg/m3, 263 mg/m3 and 302 mg/m3 respectively. It could be assumed that a relationship
between the rise of the sulphur concentrations and increasing application quantities of CA
exists. However, an analysis of the CA applied to sulphur only showed values of 3.1 g
sulphur/kg CA. This corresponds to a mass flow rate of approx. 3.1 kg sulphur/h to approx.
9.3 kg sulphur/h – but the total sulphur mass flow ranges in the order of approx. 300 kg/h.
Very likely, the rise of the sulphur dioxide concentration with an increasing application of CA
during the test runs 1 to 4 can be attributed to normal variations in the operation of the
cement process. Thus, an influence of CA combustion cannot be deduced from it.

For dust, no comparison can be drawn due to the fact that the sample for the blank test
cannot be evaluated. However, the low concentrations of 3.2 mg/m3 to 6.1 mg/m3 reveal the
very good dust removal effect of the fabric filter.

The output capacity of the cement plants is almost constant during all 4 test runs with a
clinker production within the range of 61.9 t/h to 63.5 t/h, such that, in this respect, the test
runs are comparable.

In summary it can be stated that on the basis of the examined components (except sulphur)
no significant changes of the concentrations of the aforementioned substances in flue gas
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can be ascertained between the blank test and the test runs no. 2, 3, and 4 which includes
the application of CA. Very likely, the investigated rise of the sulphur dioxide concentration
can be attributed to normal variations in the operation of the cement process.

4 Characterization of measurements
Each of the congeners listed in Annex I of the Council Directive 2000/76/EC of December 4th,
2000, is determined for the measurement of dioxins/ furans. The I-TEQ value is evaluated
following the procedure described in Annex 1. This procedure also complies with the
European Standard EN 1948.

The heavy metal values include particle bounded forms, the gaseous (vapor) forms and their
compounds in accordance with the Council Directive 2000/76/EC. Table 3.1 show the sum of
groups of elements related to Annex II.1.1 of the Council Directive. In case that the result for
the single element was below the detection limit half of the value of the detection limit was
set into the sum up calculation.

Dioxins/ furans and heavy metals are detectable even at very low concentrations through use
of laboratory procedures based on instrumental analysis. The detection limit, the uncertainty
and the blank levels of the measuring procedures - respectively small inevitable process
variations - cause a specific range which cannot be used for comparative tests. Therefore,
levels within this range are not reported but indicated by “lower than”.

For the components hydrogen chloride, hydrogen fluoride, sulfur dioxide, carbon monoxide,
nitrogen oxides and total organic carbon (TOC), the resultant values show averages over ½
hour measurement period. The values for dioxins/ furans are based on an average sampling
time of six hours, the values for total dust and the heavy metals on an average time of one
hour.

The flow rate of the sampled gas stream is adjusted to isokinetic conditions on the sampling
nozzle during sampling of dioxins, dust and heavy metals.

The sampling of dioxins/furans, heavy metals and dust was carried out over the cross-
section of the stacks following ISO 9096.

Technical details of the measurements are reported in Annex A, those of the operating
conditions in Annex B.

ERGO Forschungsgesellschaft mbH

Hamburg, October, 26th, 2001

Dr. Uwe Düwel Dipl. Ing. Florentin Joost


