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Introduction

The Companhia Geral de Cal e Cimento, S.A., Portugal, SECIL, instructed ERGO Forschungsgesellschaft mbH, Hamburg, Germany, to perform measurements with regard to concentrations of various components in the flue gas of two cement kilns, located at the Outão plant in Portugal. The tests were carried out at kiln no. 8 (stack no. J8P11) and kiln no. 9 (stack no. J9P11A8 and J9P11A9) 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).

The tests aim to show the emission characteristics of the investigated kilns which are equipped with an electrostatic precipitator as a flue gas cleaning facility, in order to be able to compare the results with future installations. 

1 Plant characterization 

The cement plant can be described as a four-stage cyclone preheater kiln equipped with planetary coolers.

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 #/ stack #
	Measuring period

	SECIL
	Outão
	8 (J8p11)
	April 19th – April 20th

	SECIL
	Outão
	9 (J9P11A8 and J9P11A9)
	April 24th – April 25th


During the stack testing measurements, the cleaning of the flue gas was carried out using the electrostatic precipitator (conventional system). Fabric filters were still under construction at this time and thus not applied. 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. 

Table 2.2: Operating conditions of kiln #8

	Kiln 8

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

	19/04/2001
	08:00-13:00
	161,0
	171,8
	95,4

	19/04/2001
	13:00-20:00
	207,0
	174,6
	97,0

	20/04/2001
	08:00-13:00
	200,4
	168,6
	93,8

	20/04/2001
	13:00-20:00
	204,9
	173,6
	96,3


Table 2.3: Operating conditions of kiln #9

	Kiln 9

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

	24/04/2001
	08:00-13:00
	298,4
	245,2
	143,6

	24/04/2001
	13:00-20:00
	297,3
	255,3
	149,5

	25/04/2001
	08:00-13:00
	316,0
	260,7
	152,8

	25/04/2001
	13:00-20:00
	299,4
	260,0
	152,3


2 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. AUTONUMLGL \e :
SECIL, Outão, kiln #8

	Components
	Unit
	19.04.01
	20.04.01

	Carbon monoxide (CO) (1)
	[mg/m³]
	635
	458

	Carbon monoxide (CO) (2)
	[mg/m³]
	632
	438

	Nitrogen oxide expr. as NO2 (1)
	[mg/m³]
	1020
	631

	Nitrogen oxide expr. as NO2 (2)
	[mg/m³]
	1080
	1000

	Total organic carbon (1)
	[mg/m³]
	30
	- (2)

	Total organic carbon (2)
	[mg/m³]
	26
	- (2)

	Hydrogen chloride (HCl) 
	[mg/m³]
	1,7
	1,7

	Hydrogen fluoride (HF)
	[mg/m³]
	0,4
	0,3

	Sulphur dioxide (SO2)
	[mg/m³]
	39
	6,3

	Total dust 
	[mg/m³]
	5,7
	-(2)

	Sum of cadmium (Cd) and thallium (Tl)
	[mg/m³]
	0,0061
	< 0,005

	Mercury (Hg)
	[mg/m³]
	< 0,005
	< 0,005

	Sum of Sb to V
	[mg/m³]
	0,061
	< 0,05

	Dioxins / furans, I-TEQ-value EN 1948
	[ng/m³]
	< 0,01
	< 0,01


1 antimony (Sb), arsenic (As), lead (Pb), chromium (Cr), cobalt (Co), copper (Cu), manganese (Mn), nickel (Ni), vanadium (V) 
2 evaluation not possible
Table 3. AUTONUMLGL \e :
SECIL, Outão, kiln #9, stack no. J9P11A8

	Components
	Unit
	24.04.01
	25.04.01

	Carbon monoxide (CO) (1)
	[mg/m³]
	613
	520

	Carbon monoxide (CO) (2)
	[mg/m³]
	581
	556

	Nitrogen oxide expr. as NO2 (1)
	[mg/m³]
	785
	825

	Nitrogen oxide expr. as NO2 (2)
	[mg/m³]
	768
	810

	Total organic carbon (1)
	[mg/m³]
	-(2)
	23

	Total organic carbon (2)
	[mg/m³]
	-(2)
	24

	Hydrogen chloride (HCl) 
	[mg/m³]
	1,0
	0,8

	Hydrogen fluoride (HF)
	[mg/m³]
	0,2
	0,3

	Sulphur dioxide (SO2)
	[mg/m³]
	83
	88

	Total dust 
	[mg/m³]
	16
	13

	Sum of cadmium (Cd) and thallium (Tl)
	[mg/m³]
	< 0,005
	< 0,005

	Mercury (Hg)
	[mg/m³]
	< 0,005
	< 0,005

	Sum of Sb to V 1
	[mg/m³]
	< 0,05
	< 0,05

	Dioxins / furans, I-TEQ-value EN 1948
	[ng/m³]
	< 0,01
	< 0,01


Table 3. AUTONUMLGL \e :
SECIL, Outão, kiln #9, stack no. J9P11A9

	Components
	Unit
	24.04.01
	25.04.01

	Carbon monoxide (CO) (1)
	[mg/m³]
	682
	587

	Carbon monoxide (CO) (2)
	[mg/m³]
	744
	600

	Nitrogen oxide expr. as NO2 (1)  
	[mg/m³]
	1150
	721

	Nitrogen oxide expr. as NO2 (2)
	[mg/m³]
	1120
	727

	Total organic carbon (1)
	[mg/m³]
	-2
	22

	Total organic carbon (2)
	[mg/m³]
	-2
	22

	Hydrogen chloride (HCl) 
	[mg/m³]
	0,9
	0,5

	Hydrogen fluoride (HF)
	[mg/m³]
	0,2
	0,2

	Sulphur dioxide (SO2)
	[mg/m³]
	105
	68

	Total dust 
	[mg/m³]
	20
	15

	Sum of cadmium (Cd) and thallium (Tl)
	[mg/m³]
	< 0,005
	< 0,005

	Mercury (Hg)
	[mg/m³]
	< 0,005
	< 0,005

	Sum of Sb to V 1
	[mg/m³]
	< 0,05
	< 0,05

	Dioxins / furans, I-TEQ-value EN 1948
	[ng/m³]
	< 0,01
	< 0,01


1 antimony (Sb), arsenic (As), lead (Pb), chromium (Cr), cobalt (Co), copper (Cu), manganese (Mn), nickel (Ni), vanadium (V) 
2 evaluation not possible
The concentration levels of dioxins/ furans and total organic carbon are in the same order of magnitude as those ascertained at German cement plants. The concentration of heavy metals, hydrogen chloride, hydrogen fluoride, sulfur dioxide, carbon monoxide and nitrogen oxide is determined by the content of these compounds in the raw material, respectively by operating conditions.

As far as the consecutively measured components are concerned, fluctuations in measurement values due to varying plant conditions are conceivable.

3 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. Tables 3.1 to 3.3 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. For kiln #9, simultaneous measurements for these components were carried out at both stacks.

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

ERGO Forschungsgesellschaft mbH

Hamburg, September 10th, 2001

Dr. Uwe Düwel




Dipl. Ing. Hauke Schröder
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