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Process description

The mosgt important raw materids for the manufacture of cement are limestone and clay
or a cacareous clay in which both components are dready naturally mixed. The
components are milled and dried with flue gases from the clinker kiln. Depending on the
type of cement to be produced the following products may be added to the dried
limestone subsequently: pyrite ash, fly ash from cod-fired power plants, sandy clay and
filter ash from the eectrodtatic precipitator present. The mixture obtained is ground and
subsequently fired in a rotary furnace to cement clinkers. For heating fuels and other
combudtible materids eg. cod dudt, petroleum coke, lignite, high-sulphurous oil and
glycol bottom residues (digtillation resdues), used ail, used tyres, disposd Ste gases,
heeting oil S are used. Depending on the type of preheating of the materid, it is
differentiated between grate and cyclone preheating, whereby the starting materids are
prehested to 800°C. The raw materias pass through the rotary furnace towards the
flame. In the hottest zone (Sinter zone), the materid being fired reaches temperatures of
around 1450°C. After fast cooling with ambient air, the clinkers are milled together with

gypsum to give ready cement.

Cement Clinker
The production of cement includes (1) isolation and preparation of the raw materids, (2)

drying, (3) burning of the raw materid mixture to give cement clinker, (4) preparaion of
the other components of the cement, and (4) grinding of the cement components with
cacium sulfate to regulate setting.

It is made from a mixture of raw materials which mainly contains cacium oxide, slicon

dioxide, duminum oxide, and iron (I11) oxide in definite proportions.

The raw materid mixture is burnt in a cement kiln to give cement clinker. It is heated to

the sntering temperature of 1450 °C, which takes 40 min to 5 h, depending on the type
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of kiln. It remains for ca. 10-20 min at this temperature and is cooled as quickly as

possible after leaving the kiln.

In Europe, cement clinker is predominantly burnt in rotary kilns, shaft kilns are sedom
used. Rotary kilns are refractory-lined tubes with a diameter up to about 6 m. They are
inclined a an angle of 3-4 and rotate at 1.2-2 times/min. As a result of the inclination
and rotation of the tube, the materid to be burnt, fed into the top of the kiln, moves
down the tube toward the cod dug, ail, or gas flame burning at the bottom of the tube.
Near the flame, in the dntering or dinkering zone of the rotary kiln with a gas
temperature of 1800-2000 C, the temperature of the materid being burnt reaches
1350-1500 C, which is necessary for the formation of clinker.

Other Components of Cement
For production of specia types of cement additional materials may be used:
Glassy Blagt-Furnace Slag

Blagt-furnace dag is formed from iron ore, coke ash, and limestone additives during the
manufacture of pig iron in a blast furnace. It is removed from the furnace separatdly as

running dag or together with molten pig iron as tgpping dag.

Fly Ash
Fly ash is a fine-grained resdue that is obtained from the combustion of cod dust. It

accumulates in the eectrica or mechanica dustcollection equipment that is connected to

the steam generators of power plants.

It dso contains cryddline particles of quartz, magnetite, and mullite; unburnt and
partialy burnt cod; and smal amounts of such akali compounds as the chlorides and

aulfates.

The properties of fly ash, especidly the amount of unburnt and partialy burnt cod,
quartz, and other crystaline components are chiefly determined by the ash content of the

110



European Dioxin Inventory - Results
030311
Cement

cod but dso by the firing and combustion conditions; the qudity of the fly ash increases

with higher load of the steam generator and with combustion temperature.

Burnt Oil Shale
Another secondary condtituent for the manufacture of cement is produced from oil shale.

Qil shde is a limecontaining bituminous shale with ca. 11 wt % organic substances, 41
wt % cacium carbonate, 27 wt % clay minerds, and 12 wt % quartz. It is burnt at
800 °C in afluidized bed furnace. The energy that is released when ail shde ist burned
is emploxed to generate eectricity and the ash produced is ground with cement clinker

to give oil-shae cement.

Abatement technologies:

The waste gases which contain particles are passed through an dectrofilter in the mill-
drying ingdlation in combined operations. In direct operations, the waste gases are
conditioned in an evaporation cooler upsream of the dectrofilter to achieve an

enhanced conductivity of the dudt.

Plant data/European situation

About 300 plants belonging to 138 companies are told to be operated in Europe L.
Detailed information on the plants can be taken from the World Cement Directory <2 ».
However, only few information is available regarding the applied production processes

(wet/semi-dry/dry) and with respect to the extent of wastew burning.

Activity data

The activity data (shown in 030311—Table 4) were taken from the nationa inventories
or from annua production statistcs. There was quite good agreement between data from
the nationd inventories and from production statistcs.
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Emission factors
Emission factors for cement production as reported by the nationd dioxin inventories
are shown in 030311—Table 4. Apparently most of them had been gained by

measurements, only the Belgian value was adopted from literature data.

From these data the following default emisson factors were taken for the following

emisson esimations:

typicd minimum maximum
0.15 0.05 5.0

030311—Tablel  Default emission factor for cement production
[Hg I-TEQA]

Emission estimation

On the bads of the default emisson factors and the activity rates the following
sandardised annual PCDD/F emissons were derived. The vaues obtained were
compared to those reported in the nationa inventories. For al 17 countries considered
the following results were obtained (030311—Table 2):

TOTAL
national inventories 27.6
Re-evaluation, min 6.80

Re-evaluation, max 679.88
Re-evaluation, typical 20.40

030311—Table2  Summary of re-evaluated typical PCDD/F air emissions
[g1-TEQ/a] for cement production

Concerning cement production the typica annua emissons obtained are higher for
Audria, Germany, France and the United Kingdom than in the nationa reports. Only in
the case of Belgium a dgnificant decrease was observed. If al 17 countries are included
into the total estimation, the European total emissions decreases compared to the sum of
emissions reported by the inventories. This is mainly due to the much lower estimate for

Belgium which compensates the additional contribution from those countries without
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dioxin emisson inventories. The maximum estimate is likely to be an oversgtimate since
(the very uncertain) emisson factor reported in the Belgian inventory was taken into

account for the calculation of the maximum emission factor used for the re-estimation.

Conclusions/recommendations

In many cases cement production is of minor relevance for the total emisson of
PCDD/F in Europe. Nevertheless, from the data reported in the surveyed document
follows thet there is gill subgtantia uncertainty concerning dioxin emissons. The reason
for thisis the incineration of different kinds of waste in particular cement plants which
might contribute consderably to the national dioxin emisson baance or to the loca

immisson gtudtion.

Measurements may be recommended at some plants incinerating waste, in particular
hazardous waste with chlorinated compounds. In most other cases measurements at

cement producing plants do not appear to be necessary.
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Flue gasconc. [ng I-TEQ/m3) Emission factors [ug/t] Remark
typ min max typ min max
A 0 0
B 1 0.03 20 without co-combustion of waste materias
5 50% of Wallonia cement assumed to be

produced with co-combustion of industrid waste
(EF 5 pgh); EF taken from foreign studies
(US)5)

CH 0.16 0.18 from measurements follows EF < 180 ng/t
cement

D 0.001 0.000 0.096 0.015 0.001 0.138

F 0.053 ?

L 0.02

N

NL 0.55 0.045 195 not covered specificdly; includes emissions from
lime, glass and minera wool prod.

]

S 0.035 0.003 0.1 0.13 0.03 0.56 NTEQ; EFs based on measurements at one plant

Uk 0.01 0.35 0.15 0.02 1.08 EFsrefer to results reported by British Cement
Association concerning plants with
supplementary fuels (no details given)

0.15 0.05 5 Chosen vaues

030311—Table 3
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Activity rates[kt/a]
Inventories. Stat. 1993

A 4828 4941
B 7336 7500
CH 4500
D 32500 32500
Dk 1700
E 23900
F 20500
Gr 12600
I 35
Irl 1500
L 1040 0

N 1200
NL 3300
P 7300
S 2240 2000
St 1100
Uk 9800 11400
Total 57744 135976

030311—Table4  Activity ratesreleated to cement production
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030311—Table5
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Inventories accor ding to statistics and chosen EFs

typ min max
A 0.1 0.74 0.25 24.71
B 20.8 1.13 0.38 37.50
CH 0.7 0.68 0.23 22.50
D 0.5 4.88 1.63 162.50
Dk 0.3 0.26 0.09 8.50
E 3.59 1.20 119.50
F 0.5 3.08 1.03 102.50
Gr 1.89 0.63 63.00
I 0.01 0.00 0.17
Irl 0.23 0.08 7.50
L 0.1 0.00 0.00 0.00
N 0.2 0.18 0.06 6.00
NL 2.7 0.50 0.17 16.50
P 1.10 0.37 36.50
S 0.3 0.30 0.10 10.00
St 0.17 0.06 5.50
Uk 1.4 1.71 0.57 57.00
Total 27.6 20.40 6.80 679.88

Comparison of PCDD/F air emission estimates[g I-TEQ/a] for cement production
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