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EXECUTIVE SUMMARY

This Reference Document on best available techniques in the cement and lime industries
reflects an information exchange carried out according to Article 16(2) of Council Directive
96/61/EC. The document has to be seen in the light of the preface which describes the
objectives of the document and its use.

This BREF document has two parts, one for the cement industry and one for the lime industry,
which each have 7 chapters according to the general outline.

Cement industry

Cement is a basic material for building and civil engineering construction. Output from the
cement industry is directly related to the state of the construction business in general and
therefore tracks the overall economic situation closely. The production of cement in the
European Union stood at 172 million tonnes in 1995, equivalent to about 12% of world
production.

After mining, grinding and homogenisation of raw materials; the first step in cement
manufacture is calcination of calcium carbonate followed by burning the resulting calcium
oxide together with silica, alumina, and ferrous oxide at high temperatures to form clinker. The
clinker is then ground or milled together with gypsum and other constituents to produce
cement.

Naturally occurring calcareous deposits such as limestone, marl or chalk provide the source for
calcium carbonate. Silica, iron oxide and alumina are found in various ores and minerals, such
as sand, shale, clay and iron ore. Power station ash, blast furnace slag, and other process
residues can also be used as partial replacements for the natural raw materials.

To produce 1 tonne of clinker the typical average consumption of raw materials in the EU is
1.57 tonnes. Most of the balance is lost from the process as carbon dioxide emission to air in
the calcination reaction (CaCO3 → CaO + CO2).

The cement industry is an energy intensive industry with energy typically accounting for 30-
40% of production costs (i.e. excluding capital costs). Various fuels can be used to provide the
heat required for the process. In 1995 the most commonly used fuels were petcoke (39%) and
coal (36%) followed by different types of waste (10%), fuel oil (7%), lignite (6%) and gas
(2%).

In 1995 there were 252 installations producing cement clinker and finished cement in the
European Union and a total of 437 kilns, but not all of them in operation. In addition there were
a further 68 grinding plants (mills) without kilns. In recent years typical kiln size has come to
be around 3000 tonnes clinker/day.

The clinker burning takes place in a rotary kiln which can be part of a wet or dry long kiln
system, a semi-wet or semi-dry grate preheater (Lepol) kiln system, a dry suspension preheater
kiln system or a preheater/precalciner kiln system. The best available technique(1) for the
production of cement clinker is considered to be a dry process kiln with multi-stage suspension
preheating and precalcination. The associated BAT heat balance value is 3000 MJ/tonne
clinker.

                                                     
1 See chapter 1.5 for qualifications about applicability and feasibility.
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At present, about 78% of Europe's cement production is from dry process kilns, a further 16%
of production is accounted for by semi-dry and semi-wet process kilns, with the remainder of
European production, about 6%, coming from wet process kilns. The wet process kilns
operating in Europe are generally expected to be converted to dry process kiln systems when
renewed, as are semi-dry and semi-wet processes kiln systems.

The clinker burning is the most important part of the process in terms of the key environmental
issues for the manufacture of cement; energy use and emissions to air. The key environmental
emissions are nitrogen oxides (NOx), sulphur dioxide (SO2) and dust. Whilst dust abatement has
been widely applied for more than 50 years and SO2 abatement is a plant specific issue, the
abatement of NOx is a relatively new issue for the cement industry.

Many cement plants have adopted general primary measures, such as process control
optimisation, use of modern, gravimetric solid fuel feed systems, optimised cooler connections
and use of power management systems. These measures are usually taken to improve clinker
quality and lower production costs but they also reduce the energy use and air emissions.

The best available techniques(1) for reducing NOx emissions are a combination of general
primary measures, primary measures to control NOx emissions, staged combustion and selective
non-catalytic reduction (SNCR). The BAT emission level(2) associated with the use of these
techniques is 200-500 mg NOx/m3 (as NO2). This emission level could be seen in context of the
current reported emission range of <200-3000 mg NOx/m3, and that the majority of kilns in the
European Union is said to be able to achieve less than 1200 mg/m3 with primary measures.

Whilst there was support for the above concluded BAT to control NOx emissions, there was an
opposing view(3) within the TWG that the BAT emission level associated with the use of these
techniques is 500-800 mg NOx/m3 (as NO2). There was also a view(3) that selective catalytic
reduction (SCR) is BAT with an associated emission level of 100-200 mg NOx/m3 (as NO2).

The best available techniques(1) for reducing SO2 emissions are a combination of general
primary measures and absorbent addition for initial emission levels not higher than about 1200
mg SO2/m3 and a wet or dry scrubber for initial emission levels higher than about 1200 mg
SO2/m3. The BAT emission level(2) associated with these techniques is 200-400 mg SO2/m3.
SO2 emissions from cement plants are primarily determined by the content of the volatile
sulphur in the raw materials. Kilns that use raw materials with little or no volatile sulphur have
SO2 emission levels well below this level without using abatement techniques. The current
reported emission range is <10-3500 mg SO2/m3.

The best available techniques for reducing dust emissions are a combination of general primary
measures and efficient removal of particulate matter from point sources by application of
electrostatic precipitators and/or fabric filters. The BAT emission level(2) associated with these
techniques is 20-30 mg dust/m3. The current reported emission range is 5-200 mg dust/m3 from
point sources. Best available techniques also include minimisation and prevention of dust
emissions from fugitive sources as described in section 1.4.7.3

The best available techniques for reducing waste are to recycle collected particulate matter to
the process wherever practicable. When the collected dusts are not recyclable the utilisation of
these dusts in other commercial products, when possible, is considered BAT.

It is recommended to consider an update of this BAT reference document around year 2005, in
particular regarding NOx abatement (development of SCR technology and high efficiency

                                                     
2 Emission levels are expressed on a daily average basis and standard conditions of 273 K, 101.3 kPa,

10% oxygen and dry gas.
3 See chapter 1.5 for details and justification of split views.
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SNCR). Other issues, that have not been fully dealt with in this document, that could be
considered/discussed in the review are:
- more information about chemical additives acting as slurry thinners,
- numeric information on acceptable frequency and duration of CO-trips, and
- associated BAT emission values for VOC, metals, HCl, HF, CO and PCDD/Fs.

Lime industry

Lime is used in a wide range of products, for example as a fluxing agent in steel refining, as a
binder in building and construction, and in water treatment to precipitate impurities. Lime is
also used extensively for the neutralisation of acidic components of industrial effluent and flue
gases. With an annual production of around 20 million tonnes of lime, the EU countries
produce about 15% of sales-relevant world lime production.

The lime making process consists of the burning of calcium and/or magnesium carbonates to
liberate carbon dioxide and to obtain the derived oxide (CaCO3 → CaO + CO2). The calcium
oxide product from the kiln is generally crushed, milled and/or screened before being conveyed
to silo storage. From the silo, the burned lime is either delivered to the end user for use in the
form of quicklime, or transferred to a hydrating plant where it is reacted with water to produce
slaked lime.

The term lime includes quicklime and slaked lime and is synonymous with the term lime
products. Quicklime, or burnt lime, is calcium oxide (CaO). Slaked lime consist mainly of
calcium hydroxide (Ca(OH)2) and includes hydrated lime (dry calcium hydroxide powder), milk
of lime and lime putty (dispersions of calcium hydroxide particles in water).

Lime production generally uses between 1.4 and 2.2 tonnes of limestone per tonne of saleable
quicklime. Consumption depends on the type of product, the purity of the limestone, the degree
of calcination and the quantity of waste products. Most of the balance is lost from the process
as carbon dioxide emission to air.

The lime industry is a highly energy-intensive industry with energy accounting for up to 50% of
total production costs. Kilns are fired with solid, liquid or gaseous fuels. The use of natural gas
has increased substantially over the last few years. In 1995 the most commonly used fuels were
natural gas (48%) and coal, including hard coal, coke, lignite and petcoke, (36%) followed by
oil (15%) and other fuels (1%).

In 1995 there were approximately 240 lime-producing installations in the European Union
(excluding captive lime production) and a total of about 450 kilns, most of which are other
shaft kilns and parallel-flow regenerative shaft kilns. Typical kiln size lies between 50 and 500
tonnes per day.

The key environmental issues associated with lime production are air pollution and the use of
energy. The lime burning process is the main source of emissions and is also the principal user
of energy. The secondary processes of lime slaking and grinding can also be of significance.
The key environmental emissions are dust, nitrogen oxides (NOx), sulphur dioxide (SO2) and
carbon monoxide (CO).

Many lime plants have taken general primary measures such as process control optimisation.
These measures are usually taken to improve product quality and lower production costs but
they also reduce the energy use and air emissions.
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The best available techniques for reducing dust emissions are a combination of general primary
measures and efficient removal of particulate matter from point sources by application of fabric
filters, electrostatic precipitators and/or wet scrubbers. The BAT emission level4 associated
with the use of these techniques is 50 mg dust/m3. The best available techniques also include
minimisation and prevention of dust emissions from fugitive sources as described in section
1.4.7.3

The best available techniques for reducing waste are the utilisation of dust, out-of-specification
quicklime and hydrated lime in selected commercial products.

NOx emissions depend mainly on the quality of lime produced and the design of kiln. Low-NOx
burners have been fitted to a few rotary kilns. Other NOx reduction technologies have not been
applied in the lime industry.

SO2 emissions, principally from rotary kilns, depend on the sulphur content of the fuel, the
design of kiln and the required sulphur content of the lime produced. The selection of fuels with
low sulphur content can therefore limit the SO2 emissions, and so can production of lime with
higher sulphur contents. There are absorbent addition techniques available, but they are
currently not applied in the lime industry.

Before an update of this reference document is carried out, it could be useful to make a survey
of current abatement techniques, emissions and consumptions and of monitoring in the lime
industry.

                                                     
4 Emission levels are expressed on a daily average basis and standard conditions of 273 K, 101.3 kPa,
10% oxygen and dry gas, except for hydrating plants for which conditions are as emitted.
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ZUSAMMENFASSUNG

Das vorliegende Referenzdokument über die besten verfügbaren Techniken in der Zement- und
Kalkindustrie beruht auf einem Informationsaustausch nach Artikel 16 Absatz 2 der Richtlinie
96/61/EG des Rates. Das Dokument ist im Zusammenhang mit dem Vorwort zu sehen, das die
Zielsetzungen des Dokuments beschreibt und Hinweise zu seiner Verwendung gibt.

Diese BREF-Dokument besteht aus zwei Teilen, einem für die Zementindustrie und einem für
die Kalkindustrie. Beide haben entsprechend der allgemeinen Gliederung 7 Kapitel.

Zementindustrie

Zement ist ein Grundmaterial für den Hoch- und Tiefbau. Der Zementbedarf spiegelt
unmittelbar den Zustand der Bauwirtschaft wider und vermittelt daher ein genaues Bild von der
allgemeinen Wirtschaftslage. 1995 wurden in der Europäischen Union 172 Mio. Tonnen
produziert, was etwa 12 % der Weltproduktion entsprach.

Nach der Gewinnung, dem Mahlen und Homogenisieren der Rohstoffe ist der erste Schritt der
Zementherstellung das Kalzinieren des Kalziumkarbonats. Danach wird das so entstandene
Kalziumoxid zusammen mit Siliciumdioxid, Tonerde und Eisenmonoxid bei hohen
Temperaturen zum Klinker gebrannt. Dieser wird in einem weiteren Schritt zusammen mit Gips
und weiteren Zumahlstoffen zu Zement vermahlen.

In der Natur vorkommendes kalkhaltiges Gestein, wie beispielsweise Kalkstein, Mergel oder
Kalk, liefert Kalziumkarbonat. Siliciumdioxid, Eisenoxid und Tonerde sind in verschiedenen
Erzen und Mineralien enthalten, beispielsweise in Sand, Schiefer, Ton und Eisenerz. Zudem
können die natürlichen Rohstoffe zum Teil durch Kraftwerksasche, Hochofenschlacke und
andere Prozessrückstände ersetzt werden.

In der EU beträgt der durchschnittliche Rohstoffeinsatz 1,57 t je Tonne Klinker. Der größte
Teil der Gewichtsdifferenz entsteht bei der Kalzinierungsreaktion (CaCO3 → CaO + CO2), bei
der das entstehende Kohlendioxid an die Luft abgegeben wird.

Die Zementindustrie ist eine energieintensive Branche, wobei sich die Energiekosten in
typischen Fällen auf 30-40 % der Produktionskosten (d.h. ohne Investitionskosten) belaufen.
Die für den Prozess erforderliche Wärme kann aus verschiedenen Brennstoffen gewonnen
werden. 1995 wurden am häufigsten Petrolkoks (39 %) und Kohle (36 %) eingesetzt, daneben
verschiedene Arten von Abfällen (10 %), Heizöl (6 %) und Gas (2 %).

Im Jahr 1995 existierten in der Europäischen Union 252 Anlagen zur Produktion von
Zementklinker und Fertigzement sowie insgesamt 437 Öfen, von denen jedoch nicht alle in
Betrieb waren. Darüber hinaus gab es 68 Mahlanlagen (Mühlen) ohne Öfen.  In den letzten
Jahren hat sich die typische Ofengröße auf etwa 3000 t Klinker pro Tag eingepegelt.

Der Klinker wird in einem Drehofen gebrannt. Dieser kann Teil einer langen Ofenanlage für
das Nass- oder Trockenverfahren, einer Ofenanlage mit Wanderrost für das Halbnass- oder
Halbtrockenverfahren (Lepol-Verfahren), einer Ofenanlage mit Wirbelstrom-Vorwärmer für
das Trockenverfahren oder einer Ofenanlage mit Vorwärmer/VorKalzinierer sein. Ein Ofen mit
mehrstufiger Wirbelstrom-Vorwärmung und VorKalzinierung für das Trockenverfahren gilt als
die beste verfügbare Technik (1) für die Produktion von Zementklinker. Der Wärmebilanzwert
beträgt bei der BVT 3000 MJ/t Klinker.

                                                     
1 Siehe Kapitel 1.5 bezüglich der Einschränkungen zur  Anwendbarkeit und Realisierbarkeit.



Gegenwärtig werden etwa 78 % der europäischen Zementproduktion in Öfen für das
Trockenverfahren erzeugt, weitere 16 % nach dem Halbnass- bzw. Halbtrockenverfahren und
die übrigen 6 % nach dem Nassverfahren. Es wird im Allgemeinen erwartet, dass die für das
Nassverfahren geeigneten Öfen, ebenso wie die Öfen für das Halbnass- und
Halbtrockenverfahren, im Zuge der Rekonstruktion auf für das Trockenverfahren geeignete
Ofenanlagen umgerüstet werden.

Im Hinblick auf die Umweltschutzproblematik bei der Zementherstellung, d.h. den
Energieverbrauch und die Emission von Luftschadstoffen, ist das Klinkerbrennen der
wichtigste Teil des Prozesses. Stickoxide (NOx), Schwefeldioxid (SO2) und Staub sind die
Emissionen, von denen die größte Umweltbelastung ausgeht. Während
Staubbekämpfungsmaßnahmen seit über 50 Jahren überall angewendet werden und die
Vermindung von SO2 eine anlagenspezifische Frage ist, stellt die Verringerung von NOx ein
relativ neues Problem für die Zementindustrie dar.

Viele Zementwerke haben allgemeine primäre Maßnahmen ergriffen, beispielsweise die
Optimierung der Prozessführung, die Verwendung moderner, gravimetrischer Aufgabesysteme
für feste Brennstoffe, optimierte Kühleranschlüsse und den Einsatz von Energie-
Managementsystemen. Gewöhnlich werden diese Maßnahmen zur Erhöhung der
Klinkerqualität und zur Senkung der Produktionskosten ergriffen, aber sie bewirken zugleich
eine Abnahme des Energieverbrauchs und der Emission von Luftschadstoffen.

Die besten verfügbaren Techniken(1) zur Verminderung von NOx-Emissionen bestehen in einer
Kombination von allgemeinen Primärmaßnahmen, Primärmaßnahmen zur Eindämmung der
NOx-Emissionen, Stufenverbrennung und selektiver nichtkatalytischer Reduktion (SNCR). Der
bei Nutzung dieser Techniken erzielbare BVT-Emissionswert(2) beträgt 200-500 mg NOx/m3 (in
Form von NO2). Dieser Emissionswert ist im Zusammenhang mit dem gegenwärtig gemeldeten
Emissionsbereich von <200-3000 mg NOx/m3 zu sehen, und die Mehrzahl der in der
Europäischen Union eingesetzten Öfen soll mit Primärmaßnahmen einen Wert unter 1200
mg/m3 erreichen können.

Obgleich die beschlossenen BVT zur Verminderung der NOx-Emissionen auf breite Resonanz
stießen, vertraten einige Mitglieder der technischen Arbeitsgruppe (TWG) eine gegenteilige
Auffassung(3), wonach der mit der Nutzung der besten verfügbaren Techniken erreichbare
Emissionswert 500-800 mg NOx/m3 (in Form von NO2) beträgt. Ferner wurde die Meinung(3)

vertreten, dass die selektive katalytische Reduktion (SCR) eine BVT ist, die einen
Emissionswert von 100-200 mg NOx/m3 (in Form von NO2) ermöglicht.

Die besten verfügbaren Techniken(1) zur Verminderung von SO2-Emissionen bestehen in einer
Kombination allgemeiner Primärmaßnahmen mit dem Zusatz von Absorptionsmitteln für
Ausgangs-Emissionswerte von höchstens 1200 mg SO2/m3 und eines Nass- oder
Trockenabscheiders für Ausgangs-Emissionswerte von höchstens 1200 mg SO2/m3. Der
entsprechende BVT-Emissionswert(2) beträgt 200-400 mg SO2/m3. Bestimmend für die von
Zementwerken abgegebenen SO2-Emissionen ist in erster Linie der Gehalt der Rohstoffe an
flüchtigem Schwefel. Öfen, in denen Rohstoffe mit geringem oder keinem Gehalt an flüchtigem
Schwefel zum Einsatz kommen, weisen weit geringere SO2-Emissionswerte auf, ohne dass
Techniken zur Verminderung der Umweltverschmutzung eingesetzt werden. Der derzeit
gemeldete Emissionsbereich ist <10-3500 mg SO2/m3.

Als beste verfügbare Technik zur Verminderung der Staubemissionen gilt eine Kombination
von allgemeinen Primärmaßnahmen und wirksamer Beseitigung der aus Punktquellen
abgegebenen Feststoffe durch Anwendung von Rauchgas-Elektrofilteranlagen und/oder

                                                     
2 Bei den Emissionswerten handelt es sich um Tagesdurchschnittswerte unter vereinheitlichten
Bedingungen von 273 K, 101,3 kPa, 10% Sauerstoff und trockenem Gas.
3 Siehe Kapitel 1.5 zu Einzelheiten und zur Begründung der Meinungsunterschiede.



iii

Gewebefiltern. Der mit diesen Techniken realisierte BVT-Emissionswert (2) beträgt 20-30 mg
Staub/m3. Der derzeit für Punktquellen gemeldete Emissionsbereich liegt bei 5-200 mg
Staub/m3. Zu den besten verfügbaren Techniken zählen auch die Minimierung und Vermeidung
der Staubentwicklung, wie in Abschnitt 1.4.7.3 beschrieben.

Die besten verfügbaren Techniken zur Abfallverminderung bestehen darin, die gesammelten
Feststoffe überall, wo dies zweckmäßig ist, dem Prozess wieder zuzuführen. Sind die
gesammelten Stäube nicht recyclingfähig sind, gilt die Verwertung dieser Stäube in anderen
handelsüblichen Produkten, wenn sie möglich ist, als BVT.

Es wird empfohlen, etwa im Jahr 2005 eine Aktualisierung dieses BVT-Referenzdokuments,
insbesondere in Bezug auf die NOx-Verminderung (Entwicklung der SCR-Technologie und der
hochwirksamen SNCR-Technologie) in Betracht zu ziehen. Weitere Probleme, die in diesem
Dokument nicht umfassend behandelt wurden, könnten bei der Überprüfung berücksichtigt /
erörtert werden. Es handelt sich dabei um folgende Punkte:
- mehr Informationen über die als Schlammverdünner wirkenden chemischen Zusätze,
- Zahlenmaterial zur vertretbaren Häufigkeit und Dauer von CO-Trips sowie
- die mit BVT realisierten Emissionswerte für flüchtige organische Verbindungen, HCl, HF, CO
und PCDD/PCDF.

Kalkindustrie

Kalk wird in den verschiedensten Produkten verwendet, beispielsweise als Flussmittel bei der
Stahlveredelung, als Bindemittel im Baugewerbe sowie in der Wasseraufbereitung zum
Ausfällen von Verunreinigungen. Außerdem wird Kalk in großem Umfang zur Neutralisierung
saurer Bestandteile von Industrieabwässern und Rauchgasen eingesetzt. Mit einer
Jahresproduktion von etwa 20 Mio Tonnen Kalk entfallen etwa 15 % der absatzrelevanten
Weltproduktion von Kalk auf die EU-Länder.

Der Kalkherstellungsprozess besteht aus dem Brennen von Kalzium- und/oder
Magnesiumkarbonaten; dabei wird Kohlendioxid freigesetzt, und das Kalziumoxid bleibt übrig
(CaCO3 → CaO + CO2). Nach Verlassen des Ofens wird das Kalziumoxid im Allgemeinen
zerkleinert, gemahlen und/oder gesiebt, bevor es in Lagersilos transportiert wird. Von dort wird
der Branntkalk entweder an die Endverbraucher zur Nutzung als ungelöschter Kalk ausgeliefert
oder zu einer Hydratisierungsanlage transportiert, wo er mit Wasser zu Löschkalk umgesetzt
wird.

Der Begriff Kalk schließt ungelöschten Kalk und Löschkalk ein und wird als Synonym für den
Begriff Kalkerzeugnisse gebraucht. Ungelöschter oder Branntkalk ist Kalziumoxid (CaO).
Löschkalk besteht hauptsächlich aus Kalziumhydroxid (Ca(OH)2); zu ihm zählen gelöschter
Kalk (trockenes Kalziumhydroxidpulver), Kalkmilch und Kalkteig (in Wasser dispergierte
Kalziumhydroxidpartikel).

In der Kalkproduktion werden in der Regel zwischen 1,4 und 2,2 Tonnen Kalkstein pro Tonne
marktfähigem Branntkalk eingesetzt. Der Verbrauch hängt vom Produkttyp, der Reinheit des
Kalksteins, dem Kalzinierungsgrad und der Menge der Abprodukte ab. Der größte Teil der
Gewichtsdifferenz entsteht im Prozess in Form von Kohlendioxid, das an die Luft abgegeben
wird.

Die Kalkindustrie ist eine äußerst energieintensive Branche; ihre Energiekosten belaufen sich
auf bis zu 50 % der gesamten Produktionskosten. Die Öfen werden mit festen, flüssigen oder
gasförmigen Brennstoffen befeuert. In den letzten Jahren war bei der Nutzung von Erdgas eine
beträchtliche Steigerung zu verzeichnen. 1995 wurden am häufigsten folgende Brennstoffe



eingesetzt: Erdgas (48 %), Kohle, einschließlich Steinkohle, Koks und Petrolkoks (36%),
gefolgt von Öl (15%) und anderen Brennstoffen (1%).

Im Jahr 1995 gab es etwa 240 Kalk produzierenden Anlagen in der Europäischen Union (ohne
Berücksichtigung der Kalkproduktion für den Eigenverbrauch) und insgesamt etwa 450 Öfen.
Dabei handelte es sich zumeist um Schachtöfen mit Parallelstrom-Wärmerückgewinnung. Die
typische Ofenleistung liegt bei 50 bis 500 t/d.

Luftverschmutzung und Energieverbrauch sind die wichtigsten mit der Kalkproduktion
verbundenen Umweltprobleme. Der größte Teil der Emissionen wie auch des
Energieverbrauchs ist auf den Kalkbrennprozess zurückzuführen. Auch Sekundärprozesse, wie
beispielsweise das Löschen und Mahlen, können von Bedeutung sein. Die wichtigsten
umweltbelastenden Emissionen sind Staub, Stickoxide (NOx), Schwefeldioxid (SO2) und
Kohlenmonoxid (CO).

In zahlreichen Kalkwerken wurden allgemeine Primärmaßnahmen, wie beispielsweise die
Optimierung der Prozessführung, durchgeführt. Gewöhnlich werden diese Maßnahmen zur
Erhöhung der Produktqualität und zur Senkung der Produktionskosten ergriffen, aber sie
bewirken zugleich eine Minderung des Energieverbrauchs und der Emission von
Luftschadstoffen.

Die besten verfügbaren Techniken zur Verminderung der Staubemissionen bestehen in einer
Kombination von allgemeinen Primärmaßnahmen und wirksamer Beseitigung der aus
Punktquellen abgegebenen Feststoffe durch Anwendung von Rauchgas-Elektrofilteranlagen
und/oder Gewebefiltern. Der mit diesen Techniken erreichte BVT-Emissionswert(4) beträgt 50
mg Staub/m3. Zu den besten verfügbaren Techniken zählen auch die Minimierung und
Vermeidung der Staubentwicklung, wie in Abschnitt 1.4.7.3 beschrieben.

Die besten verfügbaren Techniken zur Abfallverminderung bestehen in der Nutzung von Staub,
nicht der Spezifikation entsprechendem Branntkalk und gelöschtem Kalk in ausgewählten
handelsüblichen Produkten.

Die NOx-Emissionen hängen in erster Linie von der Qualität des hergestellten Kalks und der
Bauart des Ofens ab. In manche Drehöfen wurden NOx-arme Brenner eingebaut. Andere
Technologien zur Verminderung von NOx fanden in der Kalkindustrie bisher keine
Anwendung.

Die in erster Linie aus den Drehöfen stammenden SO2-Emissionen sind vom Schwefelgehalt
des Brennstoffs und dem vorgegebenen Schwefelgehalt des produzierten Kalks abhängig.
Daher lassen sich die SO2-Emissionen durch Auswahl schwefelarmer Brennstoffe sowie durch
Produktion von Kalk mit höherem Schwefelgehalt begrenzen. Zudem stehen auf dem Zusatz
von Absorptionsmitteln beruhende Techniken zur Verfügung, aber sie werden derzeit in der
Kalkindustrie nicht eingesetzt.

Vor der Aktualisierung dieses Referenzdokuments könnte es sich als sinnvoll erweisen, eine
Untersuchung der derzeitigen Techniken zur Verminderung der Umweltverschmutzung, der
Emissions- und Verbrauchswerte und der Überwachungsmaßnahmen  in der Kalkindustrie
durchzuführen.

                                                     
4 Bei den Emissionswerten handelt es sich um Tagesdurchschnittswerte unter vereinheitlichten
Bedingungen von 273 K, 101,3 kPa, 10 % Sauerstoff und trockenem Gas. Dies gilt nicht für
Hydratationsanlagen; hier gelten die bei der Emission bestehenden Bedingungen.
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PREFACE

1. Status of this document

Unless otherwise stated, references to "the Directive" in this document means the Council
Directive 96/61/EC on integrated pollution prevention and control.

This document forms part of a series presenting the results of an exchange of information
between EU Member States and industries concerned on best available techniques (BAT),
associated monitoring, and developments in them. *[It is published by the European
Commission pursuant to Article 16(2) of the Directive, and must therefore be taken into
account in accordance with Annex IV of the Directive when determining "best available
techniques".]

*Note: brackets will be removed once the procedure of publication by the Commission is completed.

2. Relevant legal obligations of the IPPC Directive and the definition of BAT

In order to help the reader understand the legal context in which this document has been
drafted, some of the most relevant provisions of the IPPC Directive, including the definition of
the term “best available techniques”, are described in this preface. This description is inevitably
incomplete and is given for information only. It has no legal value and does not in any way alter
or prejudice the actual provisions of the Directive.

The purpose of the Directive is to achieve integrated prevention and control of pollution arising
from the activities listed in its Annex I, leading to a high level of protection of the environment
as a whole. The legal basis of the Directive relates to environmental protection. Its
implementation should also take account of other Community objectives such as the
competitiveness of the Community’s industry thereby contributing to sustainable development.

More specifically, it provides for a permitting system for certain categories of industrial
installations requiring both operators and regulators to take an integrated, overall look at the
polluting and consuming potential of the installation. The overall aim of such an integrated
approach must be to improve the management and control of industrial processes so as to
ensure a high level of protection for the environment as a whole. Central to this approach is the
general principle given in Article 3 that operators should take all appropriate preventative
measures against pollution, in particular through the application of best available techniques
enabling them to improve their environmental performance.

The term “best available techniques” is defined in Article 2(11) of the Directive as “the most
effective and advanced stage in the development of activities and their methods of operation
which indicate the practical suitability of particular techniques for providing in principle the
basis for emission limit values designed to prevent and, where that is not practicable, generally
to reduce emissions and the impact on the environment as a whole.” Article 2(11) goes on to
clarify further this definition as follows:

“techniques” includes both the technology used and the way in which the installation is
designed, built, maintained, operated and decommissioned;

“available” techniques are those developed on a scale which allows implementation in the
relevant industrial sector, under economically and technically viable conditions, taking into
consideration the costs and advantages, whether or not the techniques are used or produced
inside the Member State in question, as long as they are reasonably accessible to the operator;
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“best” means most effective in achieving a high general level of protection of the environment
as a whole.

Furthermore, Annex IV of the Directive contains a list of “considerations to be taken into
account generally or in specific cases when determining best available techniques ... bearing in
mind the likely costs and benefits of a measure and the principles of precaution and
prevention”. These considerations include the information published by the Commission
pursuant to Article 16(2).

Competent authorities responsible for issuing permits are required to take account of the
general principles set out in Article 3 when determining the conditions of the permit. These
conditions must include emission limit values, supplemented or replaced where appropriate by
equivalent parameters or technical measures. According to Article 9(4) of the Directive, these
emission limit values, equivalent parameters and technical measures must, without prejudice to
compliance with environmental quality standards, be based on the best available techniques,
without prescribing the use of any technique or specific technology, but taking into account the
technical characteristics of the installation concerned, its geographical location and the local
environmental conditions. In all circumstances, the conditions of the permit must include
provisions on the minimisation of long-distance or transboundary pollution and must ensure a
high level of protection for the environment as a whole.

Member States have the obligation, according to Article 11 of the Directive, to ensure that
competent authorities follow or are informed of developments in best available techniques.

3. Objective of this Document

Article 16(2) of the Directive requires the Commission to organise “an exchange of information
between Member States and the industries concerned on best available techniques, associated
monitoring and developments in them”, and to publish the results of the exchange.

The purpose of the information exchange is given in recital 25 of the Directive, which states
that “the development and exchange of information at Community level about best available
techniques will help to redress the technological imbalances in the Community, will promote
the world-wide dissemination of limit values and techniques used in the Community and will
help the Member States in the efficient implementation of this Directive.”

The Commission (Environment DG) established an information exchange forum (IEF) to assist
the work under Article 16(2) and a number of technical working groups have been established
under the umbrella of the IEF. Both IEF and the technical working groups include
representation from Member States and industry as required in Article 16(2).

The aim of this series of documents is to reflect accurately the exchange of information which
has taken place as required by Article 16(2) and to provide reference information for the
permitting authority to take into account when determining permit conditions. By providing
relevant information concerning best available techniques, these documents should act as
valuable tools to drive environmental performance.

4. Information Sources

This document represents a summary of information collected from a number of sources,
including in particular the expertise of the groups established to assist the Commission in its
work, and verified by the Commission services. All contributions are gratefully acknowledged.
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5. How to understand and use this document

The information provided in this document is intended to be used as an input to the
determination of BAT in specific cases. When determining BAT and setting BAT-based permit
conditions, account should always be taken of the overall goal to achieve a high level of
protection for the environment as a whole.

The rest of this section describes the type of information that is provided in each section of the
document.

Chapters 1.1, 1.2, 2.1 and 2.2 provide general information on the industrial sector concerned
and on the industrial processes used within the sector. Chapters 1.3 and 2.3 provide data and
information concerning current emission and consumption levels reflecting the situation in
existing installations at the time of writing.

Chapters 1.4 and 2.4 describes in more detail the emission reduction and other techniques that
are considered to be most relevant for determining BAT and BAT-based permit conditions.
This information includes the consumption and emission levels considered achievable by using
the technique, some idea of the costs and the cross-media issues associated with the technique,
and the extent to which the technique is applicable to the range of installations requiring IPPC
permits, for example new, existing, large or small installations. Techniques that are generally
seen as obsolete are not included.

Chapters 1.5 and 2.5 present the techniques and the emission and consumption levels that are
considered to be compatible with BAT in a general sense. The purpose is thus to provide
general indications regarding the emission and consumption levels that can be considered as an
appropriate reference point to assist in the determination of BAT-based permit conditions or for
the establishment of general binding rules under Article 9(8). It should be stressed, however,
that this document does not propose emission limit values. The determination of appropriate
permit conditions will involve taking account of local, site-specific factors such as the technical
characteristics of the installation concerned, its geographical location and the local
environmental conditions. In the case of existing installations, the economic and technical
viability of upgrading them also needs to be taken into account. Even the single objective of
ensuring a high level of protection for the environment as a whole will often involve making
trade-off judgements between different types of environmental impact, and these judgements
will often be influenced by local considerations.

Although an attempt is made to address some of these issues, it is not possible for them to be
considered fully in this document. The techniques and levels presented in chapter 1.5 and 2.5
will therefore not necessarily be appropriate for all installations. On the other hand, the
obligation to ensure a high level of environmental protection including the minimisation of
long-distance or transboundary pollution implies that permit conditions cannot be set on the
basis of purely local considerations. It is therefore of the utmost importance that the
information contained in this document is fully taken into account by permitting authorities.

Since the best available techniques change over time, this document will be reviewed and
updated as appropriate. All comments and suggestions should be made to the European IPPC
Bureau at the Institute for Prospective Technological Studies at the following address:

World Trade Center, Isla de la Cartuja s/n, E-41092 Seville – Spain
Telephone: +34 95 4488 284 Fax: +34 95 4488 426
e-mail: eippcb@jrc.es
Internet: http://eippcb.jrc.es
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VORWORT

1. Status des Dokuments

Sofern nicht anders angegeben, beziehen sich alle Hinweise auf “die Richtlinie” im
vorliegenden Dokument auf die Richtlinie 96/61/EG des Rates über die integrierte Vermeidung
und Verminderung der Umweltverschmutzung. Dieses Dokument ist Teil einer Reihe, in der die
Ergebnisse eines Informationsaustauschs zwischen den EU-Mitgliedstaaten und der betroffenen
Industrie über beste verfügbare Techniken (BVT), die damit verbundenen
Überwachungsmaßnahmen und die Entwicklungen auf diesem Gebiet vorgestellt werden. Es
wird von der Europäischen Kommission gemäß Artikel 16 Absatz 2 der Richtlinie
veröffentlicht und muss daher gemäß Anhang IV der Richtlinie bei der Festlegung der “besten
verfügbaren Techniken” berücksichtigt werden.

2. In der Richtlinie über die integrierte Vermeidung und Verminderung der
Umweltverschmutzung verankerte rechtliche Pflichten und Definitionen der BVT

Um dem Leser das Verständnis des Rechtsrahmens für die Erarbeitung des vorliegenden
Dokuments zu erleichtern, werden im Vorwort die wichtigsten Bestimmungen der Richtlinie
über die integrierte Vermeidung und Verminderung der Umweltverschmutzung beschrieben
und eine Definition des Begriffs “beste verfügbare Techniken” gegeben. Diese Beschreibung
muss zwangsläufig unvollständig sein und dient ausschließlich Informationszwecken. Sie hat
keine rechtlichen Konsequenzen und ändert oder präjudiziert in keiner Weise die
Bestimmungen der Richtlinie.

Die Richtlinie dient der integrierten Vermeidung und Verminderung der
Umweltverschmutzung, die durch die im Anhang I aufgeführten Tätigkeiten verursacht wird,
damit insgesamt ein hohes Umweltschutzniveau erreicht wird. Die Rechtsgrundlage der
Richtlinie bezieht sich auf den Umweltschutz. Bei ihrer Umsetzung sollten auch die anderen
Ziele der Gemeinschaft wie die Wettbewerbsfähigkeit der europäischen Industrie berücksichtigt
werden, damit sie zu einer nachhaltigen Entwicklung beiträgt.

Im Einzelnen sieht sie ein Genehmigungsverfahren für bestimmte Kategorien industrieller
Anlagen vor und verlangt sowohl von den Betreibern als auch den regelnden Behörden und
sonstigen Einrichtungen ein integriertes, ganzheitliches Betrachten des
Umweltverschmutzungs- und Verbrauchspotentials der Anlage. Das Gesamtziel dieses
integrierten Konzepts muss darin bestehen, das Management und die Kontrolle der industriellen
Prozesse so zu verbessern, dass ein hohes Schutzniveau für die Umwelt insgesamt sichergestellt
wird. Von zentraler Bedeutung für dieses Konzept ist das in Artikel 3 definierte allgemeine
Prinzip, das die Betreiber auffordert, alle geeigneten Vorsorgemaßnahmen gegen
Umweltverschmutzungen zu treffen, insbesondere durch den Einsatz der besten verfügbaren
Techniken, mit deren Hilfe sie ihre Leistungen im Hinblick auf den Umweltschutz verbessern
können.

Der Begriff “beste verfügbare Techniken” wird in Artikel 2 Absatz 11 der Richtlinie definiert
als “der effizienteste und fortschrittlichste Entwicklungsstand der Tätigkeiten und
entsprechenden Betriebsmethoden, der spezielle Techniken als praktisch erscheinen lässt,
grundsätzlich als Grundlage für die Emissionsgrenzwerte zu dienen, um Emissionen in und
Auswirkungen auf die gesamte Umwelt allgemein zu vermeiden oder, wenn dies nicht möglich
ist, zu vermindern.” Weiter heißt es in der Begriffsbestimmung in Artikel 2 Absatz 11:

“Techniken” beinhalten sowohl die angewandte Technologie als auch die Art und Weise, wie
die Anlage geplant, gebaut, gewartet, betrieben und stillgelegt wird;
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Als “verfügbar” werden jene Techniken bezeichnet, die in einem Maßstab entwickelt sind, der
unter Berücksichtigung des Kosten/Nutzen-Verhältnisses die Anwendung unter in dem
betreffenden industriellen Sektor wirtschaftlich und technisch vertretbaren Verhältnissen
ermöglicht, gleich, ob diese Techniken innerhalb des betreffenden Mitgliedstaats verwendet
oder hergestellt werden, sofern sie zu vertretbaren Bedingungen für den Betreiber zugänglich
sind;

Als “beste” gelten jene Techniken, die am wirksamsten zur Erreichung eines allgemein hohen
Schutzniveaus für die Umwelt insgesamt sind.

Anhang IV der Richtlinie enthält eine Liste von “Punkten, die bei Festlegung der besten
verfügbaren Techniken im Allgemeinen wie auch im Einzelfall zu berücksichtigen sind... unter
Berücksichtigung der sich aus einer Maßnahme ergebenden Kosten und ihres Nutzens sowie
des Grundsatzes der Vorsorge und Vermeidung.” Diese Punkte schließen jene Informationen
ein, die von der Kommission gemäß Artikel 16 Absatz 2 veröffentlicht werden.

Die für die Erteilung von Genehmigungen zuständigen Behörden haben bei der Festlegung der
Genehmigungsauflagen die in Artikel 3 definierten allgemeinen Prinzipien zu berücksichtigen.
Diese Genehmigungsauflagen müssen Emissionsgrenzwerte enthalten, die gegebenenfalls durch
äquivalente Parameter oder technische Maßnahmen ergänzt bzw. ersetzt werden. Entsprechend
Artikel 9 Absatz 4 der Richtlinie sind diese Emissionsgrenzwerte, äquivalenten Parameter und
technischen Maßnahmen unbeschadet der Einhaltung der Umweltqualitätsnormen auf die
besten verfügbaren Techniken zu stützen, ohne dass die Anwendung einer bestimmten Technik
oder Technologie vorgeschreiben wird; hierbei sind die technische Beschaffenheit der
betreffenden Anlage, ihr geografischer Standort und die jeweiligen örtlichen
Umweltbedingungen zu berücksichtigen. In jedem Fall haben die Genehmigungsauflagen
Vorkehrungen zur weitestgehenden Verminderung weiträumiger oder grenzüberschreitender
Umweltverschmutzungen vorzusehen und ein hohes Schutzniveau für die Umwelt insgesamt zu
sichern.

Gemäß Artikel 11 der Richtlinie haben die Mitgliedstaaten dafür zu sorgen, dass die
zuständigen Behörden die Entwicklungen bei den besten verfügbaren Techniken verfolgen oder
darüber informiert sind.

3. Zielsetzungen des Dokuments

Entsprechend Artikel 16 Absatz 2 der Richtlinie hat die Kommission “einen
Informationsaustausch zwischen den Mitgliedstaaten und der betroffenen Industrie über die
besten verfügbaren Techniken, die damit verbundenen Überwachungsmaßnahmen und die
Entwicklungen auf diesem Gebiet” durchzuführen und die Egebnisse des
Informationsaustauschs zu veröffentlichen.

Der Zweck des Informationsaustauschs ist unter Erwägung 25 der Richtlinie erläutert, in der es
heißt: “Die Entwicklung und der Austausch von Informationen auf Gemeinschaftsebene über
die besten verfügbaren Techniken werden dazu beitragen, das Ungleichgewicht auf
technologischer Ebene in der Gemeisnchaft auszugleichen, die weltweite Verbreitung der in der
Gemeinschaft festgesetzten Grenzwerte und der angewandten Techniken zu fördern und die
Mitgleidstaaten bei der wirksamen Durchführung dieser Richtlinien zu unterstützen.”

Zur Unterstützung der unter Artikel 16 Absatz 2 vorgesehenen Maßnahmen hat die
Kommission (GD Umwelt) ein Informationsaustauschforum (IEF) geschaffen, und mehrere
technische Arbeitsgruppen wurden unter der Schirmherrschaft des IEF eingesetzt. Im
Informationsaustauschforum und in den technischen Arbeitsgruppen sind, wie im Artikel 16
Absatz 2 verlangt, sowohl die Mitgliedsstaaten als auch die Industrie vertreten.
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Ziel dieser Reihe von Dokumenten ist es, den stattgefundenen und unter Artikel 16 Absatz 2
geforderten Informationsaustausch genau wiederzugeben und der Genehmigungsbehörde
Referenz-Informationen zur Verfügung zu stellen, die von dieser bei der Festlegung der
Genehmigungsauflagen zu berücksichtigen sind.  Mit ihren Informationen über die besten
verfügbaren Techniken sollen diese Dokumente als wertvolle Instrumente zur Verbesserung des
Umweltschutzes dienen.

4. Informationsquellen

Dieses Dokument enthält eine Zusammenfassung über Informationen, die aus verschiedenen
Quellen, einschließlich insbesondere sachkundiger Angaben der zur Unterstützung der
Tätigkeit der Kommission geschaffenen Arbeitsgruppen, stammen und durch die Dienste der
Kommission geprüft wurden. Für alle Beiträge wird anerkennend gedankt.

5. Anleitung zum Verständnis und zur Benutzung des Dokuments

Die im vorliegenden Dokument enthaltenen Informationen sind als Unterstützung bei der
Bestimmung der BVT in speziellen Fällen gedacht. Bei der Bestimmung der BVT und
Festlegung der auf BVT gestützten Genehmigungsauflagen ist stets vom Gesamtziel, das heißt,
einem insgesamt hohen Umweltschutzniveau, auszugehen.

Der verbleibende Teil des vorliegenden Abschnitts beschreibt die Art der Information, die in
den einzelnen Kapiteln des Dokuments enthalten ist.

Kapitel 1.1, 1.2, 2.1 und 2.2 geben allgemeine Informationen über die Branche und über die in
der Branche angewandten industriellen Verfahren. Kapitel 3 enthält Daten und Angaben zu den
Emissions- und Verbrauchswerten in bestehenden Anlagen. Sie zeigen den Stand zum
Zeitpunkt der Erarbeitung des Dokuments.

In Kapitel 1.4 und 2.4 werden Verfahren zur Emissionsverminderung und andere Methoden
eingehend beschrieben, die als die wichtigsten für die Bestimmung der BVT sowohl allgemein
als auch bei der Festlegung der auf BVT gestützten Genehmigungsauflagen betrachtet werden.
Diese Information schließt die Verbrauchs- und Emissionswerte ein, die bei Einsatz des
Verfahrens als erreichbar betrachtet werden, und Angaben zu den mit der jeweiligen Technik
verbundenen Kosten und den medienübergreifenden Aspekten sowie zu ihrer Anwendbarkeit
auf Anlagen, die der IVU-Genehmigung unterliegen, zum Beispiel neue, bestehende, große
oder kleine Anlagen. Verfahren, die allgemein als veraltet gelten, finden keine
Berücksichtigung.

In Kapitel 1.5 und 2.5 werden die Verfahren und Emissions- und Verbrauchswerte aufgeführt,
die allgemein den Anforderungen an die besten verfügbaren Techniken entsprechen. Dabei geht
es darum, allgemeine Angaben zu den Emissions- und Verbrauchswerten bereitzustellen, die
bei der Festlegung von auf BVT gestützten Genehmigungsauflagen oder allgemein
verbindlichen Vorschriften gemäß Artikel 9 Absatz 8 als geeignete Referenz gelten können.
Jedoch muss darauf hingewiesen werden, dass es sich in diesem Dokument nicht um
Vorschläge für Emissionsgrenzwerte handelt. Bei der Festlegung der jeweiligen
Genehmigungsauflagen sind lokale standortspezifische Faktoren wie die technische
Beschaffenheit der betreffenden Anlage, ihr geografischer Standort und die örtlichen
Umweltbedingungen zu berücksichtigen. Ferner ist bei bestehenden Anlagen die wirtschaftliche
und technische Vertretbarkeit möglicher Modernisierungen zu beachten. Allein die Zielsetzung
der Sicherung eines hohen Umweltschutzniveaus insgesamt fordert nicht selten ein Abwägen
der einzelnen Auswirkungen auf die Umwelt, und diese Abwägungen sind oftmals von lokalen
Erwägungen beeinflusst.
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Obgleich im vorliegenden Dokument der Versuch unternommen wurde, einige dieser Aspekte
aufzugreifen, ist eine umfassende Behandlung in diesem Rahmen nicht möglich. Somit sind die
in Kapitel 1.5 und 2.5 aufgeführten Verfahren und Zahlenwerte nicht notwendigerweise auf alle
Anlagen anwendbar. Andererseits verlangt die Pflicht zur Sicherung eines hohen
Umweltschutzniveaus einschließlich der weitestgehenden Verminderung der weiträumigen oder
grenzüberschreitenden Umweltverschmutzung, dass Genehmigungsauflagen nicht aus rein
lokalen Erwägungen festgesetzt werden. Somit ist die vollständige Berücksichtigung der im
vorliegenden Dokument enthaltenen Informationen durch die Genehmigungsbehörden von
größter Bedeutung.

Da sich die besten verfügbaren Techniken mit der Zeit ändern, wird dieses Dokument ggf.
überprüft und aktualisiert. Stellungnahmen und Vorschläge sind an das Europäische IVU-Büro
beim Institute for Prospective Technological Studies mit folgender Anschrift zu senden:

World Trade Center, Isla de la Cartuja s/n, E-41092 Sevilla – Spanien
Telefon: +34 95 4488 284 Fax: +34 95 4488 426
E-mail: eippcb@jrc.es
Internet: http://eippcb.jrc.es

mailto:eippcb@jrc.es
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SCOPE

This BREF covers the processes involved in the production of cement and lime. The main
operations covered by the descriptions are:
- Raw materials storage and preparation.
- Fuels storage and preparation.
- The kiln systems.
- Products preparation and storage.
- Packing and dispatch

Quarrying and shaft kilns for cement clinker production are not covered.



i

UMFANG

Das vorliegende BREF-Dokument umfasst die in der Zement- und Kalkproduktion zum Einsatz
kommenden Verfahren. Dabei werden die folgenden wichtigen Vorgänge behandelt:
- Rohstofflagerung und -aufbereitung
- Brennstofflagerung und -aufbereitung
- Ofenanlagen
- Produktherstellung und -lagerung
- Verpackung und Versand.

Die Rohstoffgewinnung und die Schachtöfen für die Zementklinkerproduktion werden nicht
berücksichtigt.
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1 CEMENT INDUSTRY

1.1 General information about the cement industry

Cement is a finely ground, non-metallic, inorganic powder when mixed with water forms a
paste that sets and hardens. This hydraulic hardening is primarily due to the formation of
calcium silicate hydrates as a result of the reaction between mixing water and the constituents
of the cement. In the case of aluminous cements hydraulic hardening involves the formation of
calcium aluminate hydrates.

Cement is a basic material for building and civil engineering construction. In Europe the use of
cement and concrete (a mixture of cement, aggregates, sand and water) in large civic works can
be traced back to antiquity. Portland cement, the most widely used cement in concrete
construction, was patented in 1824. Output from the cement industry is directly related to the
state of the construction business in general and therefore tracks the overall economic situation
closely.

As Figure 1.1 shows, world cement production has grown steadily since the early 1950s, with
increased production in developing countries, particularly in Asia, accounting for the lion’s
share of growth in world cement production in the 1990s.

Figure 1.1: Cement production in the EU and the world 1950-1995
[Cembureau]

In 1995 world production of cement stood at 1420 million tonnes. Table 1.1 shows the
distribution of cement production by geographic regions.

1995 1995
China
Japan
Other Asia
European Union
Other Europe

30%
7%

23%
12%
6%

USA
Other America
Africa
Former USSR
Oceania

5%
8%
4%
4%
1%

Table 1.1: World cement production by geographic regions in 1995
[Cembureau report, 1997]
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Producers in the European Union have increased cement output per man/year from 1700 tonnes
in 1970 to 3500 in 1991. This increase in productivity is a result of the introduction of larger
scale production units. These use advanced operation automation and therefore require fewer,
but higher qualified, staff. The number of people employed in the cement industry in the
European Union is now less than 60000. Figure 1.2 shows the estimated workforce of the
cement industry in the EU 15 between 1975-1995.

Estimated employment in the EU cement industry 1975-1995
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Figure 1.2: Cement industry in the EU, estimated employment 1975-1995
(pre-1991 figures do not include employees from the former East Germany)
[Cembureau]

In 1995 cement production in the European Union totalled 172 million tonnes and consumption
168 million tonnes. 23 million tonnes of cement were imported and 27 million tonnes exported.
These figures include trade between EU countries.

There is generally little import and export of cement, mainly as a result of the high cost of road
transport. World foreign trade in cement still accounts for only about 6-7% of production, most
of which is transported by sea. Road deliveries of cement generally do not exceed distances of
150 km. Consequently, as shown in Figure 1.3, the rate of consumption equals the rate of
production for many EU member states, with the exception of Greece and Denmark, which
exports approximately 50% of their cement production.

The world’s five largest cement producers are the four West European groups; Holderbank,
Lafarge, Heidelberger and Italcementi, together with Cemex from Mexico. Apart from
producing cement, these companies have also diversified into several other building materials
sub-sectors such as aggregates, concrete products, plasterboard, etc.

Transport costs make markets for cement predominantly local. However, some global trade
does exist and in some cases it is economically viable to ship cement around the world.
International competition is mainly a threat for individual plants, and within the EU increasing
imports from Eastern Europe do affect local market conditions.
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Figure 1.3: Cement production, incl. clinker for export, and cement consumption in the EU 1995
[Cembureau report, 1997], [Göller]

In 1995 there were 252 installations producing cement clinker and finished cement in the
European Union. In addition there are a further 68 grinding plants (mills) without kilns. See
Table 1.2.

Country Cement Plants Cement Plants
(with kilns) (with cement mills only)

Austria 11 1
Belgium 5 3
Denmark 1 -
Finland 2 -
France 38 5
Germany 50 20
Greece 8 -
Ireland 2 -
Italy 64 29
Luxembourg 1 1
Netherlands 1 2
Portugal 6 1
Spain 37 5
Sweden 3 -
United Kingdom 23 1

Total 252 68

Table 1.2: Number of cement plants in EU countries 1995
[Cembureau report, 1997], [Schneider]

There is a total of 437 kilns in the countries of the EU, but not all are currently in operation. In
recent years typical kiln size has come to be around 3000 tonnes/day, and although kilns of
widely different sizes and ages exist, very few kilns have a capacity of less than 500 tonnes per
day.

Cement production and cement consumption in 1995
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At present, about 78% of Europe's cement production is from dry process kilns, a further 16%
of production is accounted for by semi-dry and semi-wet process kilns, with the remainder of
European production -about 6%- now coming from wet process kilns. The choice of
manufacturing process is primarily motivated by the nature of the available raw materials.

The draft European standard (prEN 197-1) for common cements lists 27 different Portland
cement types into 5 groups. In addition, there is a range of special cements produced for
particular applications. Table 1.3 shows the percentages of each type of cement supplied to
domestic markets in 1994.

1994
Portland-composite cement 44%
Portland cement 43%
Blastfurnace cement 7%
Pozzolanic cement 5%
Other cements 1%

Table 1.3: Domestic deliveries by cement type in the EU and European Economic Area
[Cembureau report, 1997]

The cement industry is an energy intensive industry with energy typically accounting for 30-
40% of production costs (i.e. excluding capital costs). Traditionally, the primary fuel used is
coal. A wide range of other fuels are also used, including petroleum coke, natural gas and oil. In
addition to these fuel types, the cement industry has been using varous types of waste as fuel
for more than 10 years.

1995
Petcoke 39%
Coal 36%
Fuel oil 7%
Lignite 6%
Gas 2%
Different types of waste 10%

Table 1.4: Fuel consumption by the European cement industry
[Cembureau report, 1997]

The emissions from cement plants which cause greatest concern are nitrogen oxides (NOx),
sulphur dioxide (SO2) and dust. Other emissions to be considered are carbon oxides (CO, CO2),
volatile organic compounds (VOCs), polychlorinated dibenzodioxins (PCDDs) and
dibenzofurans (PCDFs), metals, and noise.

The cement industry is a capital intensive industry. The cost of a new cement plant is
equivalent to around 3 years’ turnover, which ranks the cement industry among the most capital
intensive industries. The profitability of the cement industry is around 10% as a proportion of
turnover (on the basis of pre-tax profits before interest repayments).
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1.2 Applied processes and techniques

The basic chemistry of the cement manufacturing process begins with the decomposition of
calcium carbonate (CaCO3) at about 900 °C to leave calcium oxide (CaO, lime) and liberate
gaseous carbon dioxide (CO2); this process is known as calcination. This is followed by the
clinkering process in which the calcium oxide reacts at high temperature (typically 1400-1500
°C) with silica, alumina, and ferrous oxide to form the silicates, aluminates, and ferrites of
calcium which comprise the clinker. The clinker is then ground or milled together with gypsum
and other additives to produce cement.

There are four main process routes for the manufacture of cement; the dry, semi-dry, semi-wet
and wet processes:
-In the dry process, the raw materials are ground and dried to raw meal in the form of a
flowable powder. The dry raw meal is fed to the preheater or precalciner kiln or, more rarely, to
a long dry kiln.
- In the semi-dry process dry raw meal is pelletised with water and fed into a grate preheater
before the kiln or to a long kiln equipped with crosses.
- In the semi-wet process the slurry is first dewatered in filter presses. The filter cake is
extruded into pellets and fed either to a grate preheater or directly to a filter cake drier for raw
meal production.
- In the wet process, the raw materials (often with high moisture content) are ground in water
to form a pumpable slurry. The slurry is either fed directly into the kiln or first to a slurry drier.

Figure 1.4 shows an overview of a dry process precalciner route.

AND OTHER CONSTITUENTSGYPSUM

CLINKER
STORAGE

CEMENT
MILL

CEMENT
SILOS

BULK LOAD
OUT TO
TANKER
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BAG
PACKING
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EXIT GAS TO RAW MEAL
MILL OR ABATEMENTLIMESTONE

QUARRY

SHALE
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CYCLONE
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Figure 1.4: Typical precalciner dry process
Based on figure in [UK IPC Note, 1996]

The choice of process is to a large extent determined by the state of the raw materials (dry or
wet). A large part of world clinker production is still based on wet processes. However, in
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Europe, more than 75% of production is based on dry processes thanks to the availability of dry
raw materials. Wet processes are more energy consuming, and thus more expensive. Plants
using semi-dry processes are likely to change to dry technologies whenever expansion or major
improvement is required. Plants using wet or semi-wet processes normally only have access to
moist raw materials, as is the situation in Denmark and Belgium, and to some extent in the UK.

All processes have the following sub-processes in common:
•  Winning of raw materials
•  Raw materials storage and preparation
•  Fuels storage and preparation
•  Clinker burning
•  Cement grinding and storage
•  Packing and dispatch

1.2.1 Winning of raw materials

Naturally occurring calcareous deposits such as limestone, marl or chalk provide the source for
calcium carbonate. Silica, iron oxide and alumina are found in various ores and minerals, such
as sand, shale, clay and iron ore. Power station ash, blast furnace slag, and other process
residues can also be used as partial replacements for the natural raw materials, depending on
their chemical suitability. Table 1.5 shows the types of waste most frequently used as raw
materials in the production of cement in Europe today.

Fly ash Blast furnace slag Silica fume
Iron slag Paper sludge Pyrite ash
Phosphogypsum (from flue gas desulphurisation and phosphoric acid production)

Table 1.5: Types of waste frequently used as raw materials in the European cement industry
[Cembureau]

Winning of nearly all of the natural raw materials involves quarrying and mining operations.
The materials are most often obtained from open surface quarries. The operations necessary
include rock drilling, blasting, excavation, hauling and crushing.

Main raw materials, like limestone, chalk marl and shale or clay, are extracted from quarries. In
most cases the quarry is close to the plant. After primary crushing the raw materials are
transported to the cement plant for storage and further preparation. Other raw materials, such as
bauxite, iron ore, blast furnace slag or foundry sand, are brought in from elsewhere.

1.2.2 Raw material storage and preparation

Preparation of the raw material is of great importance to the subsequent kiln system both in
getting the chemistry of the raw feed right and in ensuring that the feed is sufficiently fine.

1.2.2.1 Raw materials storage

The need to use covered storage depends on climatic conditions and the amount of fines in the
raw material leaving the crushing plant. In the case of a 3000 tonnes/day plant these buildings
may hold between 20000 and 40000 tonnes of material.
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The raw material fed to a kiln system needs to be as chemically homogeneous as practicable.
This is achieved by controlling the feed into the raw grinding plant. When the material from the
quarry varies in quality, initial preblending can be achieved by stacking the material in rows or
layers along the length (or around the circumference) of the store and extracting it by taking
cross-sections across the pile.When the material from the quarry is fairly homogeneous, simpler
stacking and reclaiming systems can be used.

Raw materials used in relatively small quantities, mineral additions for example, may
alternatively be stored in silos or bunkers. Any raw materials with potentially harmful
properties, such as fly ash and phosphogypsum, must be stored and prepared according to
individual specific requirements.

1.2.2.2 Grinding of raw materials

Accurate metering and proportioning of the mill feed components by weight is important for
achieving a consistent chemical composition. This is essential for steady kiln operation and a
high-quality product.Metering and proportioning is also an important factor in the energy
efficiency of the grinding system. The predominant metering and proportioning equipment for
raw material feed to mills is the apron feeder followed by the belt weigh feeder.

Grinding of raw materials, dry and semi-dry kiln systems

The raw materials, in controlled proportions, are ground and mixed together to form a
homogeneous blend with the required chemical composition. For dry and semi-dry kiln
systems, the raw material components are ground and dried to a fine powder, making use
mainly of the kiln exhaust gases and/or cooler exhaust air. For raw materials with a relatively
high moisture content, and for start up procedures, an auxiliary furnace may be needed to
provide additional heat.

Typical dry grinding systems used are:
- tube mill, centre discharge;
- tube mill, airswept;
- vertical roller mill
- horizontal roller mill (only a few installations in operation so far).

Other grinding systems are used to a lesser extent. These are:
- tube mill, end discharge in closed circuit;
- autogenous mill;
- roller press, with or without crusher drier.

The fineness and particle size distribution of the product leaving a raw grinding system is of
great importance for the subsequent burning process. The target given for these parameters is
achieved by adjusting the separator used for classifying the product leaving the grinding mill.
For dry classification, air separators are used. The newest generation, rotor cage type
separators, have several advantages. These are:
- lower specific energy consumption of the grinding system (less over-grinding),
- increased system throughput (efficiency of particle separation), and
- more favourable particle size distribution and product uniformity.
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Grinding of raw materials, wet or semi-wet kiln system

Wet grinding is used only in combination with a wet or semi-wet kiln system. The raw material
components are ground with added water to form a slurry. To achieve the slurry fineness
required, in order to comply with modern quality demands, closed circuit milling systems are
the main option.

The wet process is normally preferred whenever the raw material has a moisture content of
more than 20% by weight. Raw materials such as chalk, marl or clay, which are sticky and of
high inherent moisture content, are soft and as a first stage of preparation they may be ground
in a wash mill. Water and crushed material are fed to the wash mill and broken down into slurry
by shearing and impact forces imparted by the rotating harrows. When sufficiently fine, the
material passes through screens in the wall of the wash mill and is pumped to storage. To
achieve the required slurry fineness further grinding in a tube mill is usually required,
especially if an additional raw material such as sand is to be added.

To reduce kiln fuel consumption, water addition during the raw material grinding is controlled
so that the amount used is the minimum necessary to achieve the required slurry flow and
pumpability characteristics (32 to 40% w/w water). Chemical additives may act as slurry
thinners permitting the water content to be reduced.

Raw meal or slurry homogenisation and storage

Raw meal or slurry leaving the raw grinding process requires further blending/homogenisation
to achieve optimum consistency of the raw mix prior to being fed to any type of kiln system.
The raw meal is homogenised and stored in silos, the raw slurry in either tanks or silos.

For raw meal transport to storage silos pneumatic and mechanical systems are used. Mechanical
conveyors normally require a higher investment cost but have much lower operating costs than
pneumatic conveying systems. A combination of air-slide or screw/chain conveyors with a belt
bucket elevator is nowadays the most commonly used conveying system.

1.2.3 Fuel, storage and preparation

Various fuels can be used to provide the heat required for the process. Three different types of
fuels are mainly used in cement kiln firing; in decreasing order of importance these are:
- pulverised coal and petcoke;
- (heavy) fuel oil;
- natural gas.

The main ash constituents of these fuels are silica and alumina compounds. These combine
with the raw materials to become part of the clinker. This needs to be allowed for in calculating
the raw material proportion and so it is desirable to use fuel with a consistent, though not
necessarily low, ash content.

The main fuels used in the European cement industry are petcoke and coal (black coal and
lignite). Cost normally precludes the use of natural gas or oil, but the selection of fuels depends
on the local situation (such as availability of domestic coal). However, the high temperatures
and long residence times in the kiln system implies considerable potential for destruction of
organic substances. This makes a wide variety of less expensive fuel options possible, in
particular different types of wastes.
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In order to keep heat losses at minimum, cement kilns are operated at lowest reasonable excess
oxygen levels. This requires highly uniform and reliable fuel metering and fuel presentation in
a form allowing easy and complete combustion. These conditions are fulfilled by all liquid and
gaseous fuels. For pulverised solid fuels, good design of hoppers, conveyors and feeders is
essential to meet these conditions. The main fuel input (65-85%) has to be of this easily
combustible type, whereas the remaining 15-35% may be fed in coarse crushed or lump form.

1.2.3.1 Storage of fuels

Raw coal and petcoke are stored similarly to raw materials;thus, in many cases, in covered
stores. Outside storage in large, compacted stockpiles is used for long-term stocks. Such
stockpiles may be seeded with grass to prevent rainwater and wind erosion. Drainage to the
ground from outside storage has shown to be a problem. However, sealed concrete floors under
the stockpiles make it possible to collect and clean the water that drains off. Normal good
practice in terms of compaction and stockpile height needs to be observed when storing coal of
relatively high volatile-matter content in order to avoid the risk of spontaneous ignition when
stored for long periods.

Pulverised coal and petcoke are stored exclusively in silos. For safety reasons (i.e. the danger of
explosions being triggered by smouldering fires and static electricity spark-overs) these silos
have to be of the mass flow extraction type and have to be equipped with standard safety
devices.

Fuel oil is stored in vertical steel tanks. These are sometimes insulated to help keep the oil at
pumpable temperature (50 to 60 °C). They may also be equipped with heatable suction points to
maintain the oil at the correct temperature locally.

Natural gas is not stored at the cement plant. The international high pressure gas distribution
network acts as a gas storage facility.

1.2.3.2 Preparation of fuels

Solid fuel preparation (crushing, grinding and drying) is usually carried out on site. Coal and
petcoke are pulverised to about raw meal fineness in grinding plants using equipment similar to
the raw-material grinding plants. The fineness of the pulverised fuel is important, too fine and
flame temperatures can be excessively high, too coarse and poor combustion can occur. Low
volatility or low volatiles content solid fuel will need finer grinding. If sufficient hot air for
drying is not available from the kiln or from the cooler, an auxiliary furnace may be needed.
Special features have to be incorporated to protect the equipment from fires and explosions.

Three main types of coal milling and grinding systems are used:
- tube mill, airswept;
- vertical roller or ring-ball mill;
- impact mill.

Ground solid fuel may be fired directly into the kiln, but in modern installations it is usually
stored in silos to allow the use of more thermally efficient burners (indirect firing) using low
primary air.

Solid fuel grinding, storage and firing systems have to be designed and operated so as to avoid
the risk of explosion or fire. The primary requirements are to control air temperatures properly,
and to avoid the accumulation of fine material in dead spots exposed to heat.
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Fuel oil preparation: In order to facilitate metering and combustion the fuel oil is brought to
120-140 °C, resulting in a viscosity reduction to 10-20 cSt. Additionally, the pressure is
increased to 20-40 bar.

Natural gas preparation: Prior to combustion the gas pressure has to be brought from the
pipeline pressure of 30-80 bar down to plant network pressure of 3-10 bar and then reduced
again to the burner supply pressure of around 1 bar (overpressure). The first pressure reduction
step is accomplished in the gas transfer station where consumption metering also takes place.
To avoid freezing of the equipment as a result of the Joule-Thompson effect the natural gas is
preheated before passing through the pressure reduction valve.

Alternatively, the pressure reduction can be accomplished by passing the gas through a gas
expansion turbine connected to a power generator. Thus some of the energy required for gas
compression can be recovered.

1.2.3.3 Use of waste as fuel

Wastes, that are fed through the main burner, will be decomposed in the primary burning zone,
at temperatures up to 2000 oC. Waste fed to a secondary burner, preheater or precalciner will be
burnt at lower temperatures, which not always is enough to decompose halogenated organic
substances.

Volatile components in material that is fed at the upper end of the kiln or as lump fuel can
evaporate. These components do not pass the primary burning zone and may not be
decomposed or bound in the cement clinker. Therefore the use of waste containing volatile
metals (mercury, thallium) or volatile organic compounds can result in an increase of the
emissions of mercury, thallium or VOCs when improperly used.

Table 1.6 lists the types of waste most frequently used as fuels in Europe today.

Used tyres Waste oils Sewage sludge
Rubber Waste woods Plastics
Paper waste Paper sludge Spent solvents

Table 1.6: Types of waste frequently used as fuels in the European cement industry
[Cembureau]

Preparation of different types of waste for use as fuel is usually performed outside the cement
plant by the supplier or by waste-treatment specialists organisations. This means they only need
to be stored at the cement plant and then proportioned for feeding to the cement kiln. Since
supplies of waste suitable for use as fuel tend to be variable whilst waste material markets are
rapidly developing, it is advisable to design storage/preparation plants to be multi-purpose.

1.2.4 Clinker burning

This part of the process is the most important in terms of emission potential and of product
quality and cost. In clinker burning, the raw meal (or raw meal slurry in the wet process) is fed
to the rotary kiln system where it is dried, pre-heated, calcined and sintered to produce cement
clinker. The clinker is cooled with air and then stored.

In the clinker burning process it is essential to maintain kiln charge temperatures of between
1400 to 1500 °C and gas temperatures of about 2000 °C. Also, the clinker needs to be burned
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under oxidising conditions. Therefore an excess of air is required in the sintering zone of a
cement clinker kiln.

Since the rotary kiln was introduced around 1895 it has become the central part of all modern
clinker producing installations. The vertical shaft kiln is still used for production of lime, but
only in a few countries is it in use for production of cement clinker, and in these cases only at
small-scale plants.

Figure 1.5: Long wet rotary kiln with chains
[Cembureau report, 1997]

The first rotary kilns were long wet kilns, as shown in Figure 1.5 above, where the whole heat
consuming thermal process takes place in the kiln itself. With the introduction of the dry
process, optimisation led to technologies which allowed drying, preheating and calcining to
take place in a stationary installation rather than in the rotary kiln.

The rotary kiln consists of a steel tube with a length to diameter ratio of between 10:1 and 38:1.
The tube is supported by two to seven (or more) support stations, has an inclination of 2.5 to
4.5% and a drive rotates the kiln about its axis at 0.5 to 4.5 revolutions per minute. The
combination of the tube’s slope and rotation causes material to be transported slowly along it.
In order to withstand the very high peak temperatures the entire rotary kiln is lined with heat
resistant bricks (refractories). All long and some short kilns are equipped with internals (chains,
crosses, lifters) to improve heat transfer.

Transient buildups of material can occur around the inner surface of the kiln depending on the
process and raw materials etc. These are known as rings and can occur at the feed end (gypsum
rings), near the sintering zone (clinker rings) or the product exit end (ash rings). The latter two
types can break away suddenly and cause a surge of hot, poor quality material to leave the kiln
which may be reprocessed or have to be rejected as waste. The cyclones and grates of preheater
kilns may also be subject to build up of material which can lead to blockages.

Kiln firing

The fuel introduced via the main burner produces the main flame with flame temperatures
around 2000 °C. For process-optimisation reasons the flame has to be adjustable within certain
limits. In a modern indirectly fired burner, the flame is shaped and adjusted by the primary air
(10-15% of total combustion air).

Potential feed points for supplying fuel to the kiln system are:
- via the main burner at the rotary kiln outlet end;
- via a feed chute at the transition chamber at the rotary kiln inlet end (for lump fuel);
- via secondary burners to the riser duct;
- via precalciner burners to the precalciner;
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- via a feed chute to the precalciner (for lump fuel);
- via a mid kiln valve in the case of long wet and dry kilns (for lump fuel).

Coal/petcoke firing plants are of both indirect- and direct-firing types. Direct-firing plants
operate without fine-coal storage and fine-coal metering. The pulverised fuel is blown directly
into the kiln with the mill sweeping air acting as carrier and as (flame shaping) primary air.
Direct firing plants have a number of drawbacks. In particular kiln-system heat losses are
around 200-250 MJ/tonne clinker (6 to 8% higher on modern kiln systems). Thus direct firing is
seldom installed today.

Fuel oil is, at adequate viscosity and pressure, discharged via an atomiser nozzle into the kiln in
order to form e.g. the main flame. Flame shaping is mainly accomplished via multi-primary air
channel burners with the oil atomiser head in a central location.

Kiln burners for natural gas, too, are designed according to the multi-channel principle, the gas
thereby replacing not only coal or fuel oil, but also primary air.

1.2.4.1 Long rotary kilns

Long rotary kilns (Figure 1.5) can be fed with slurry, crushed filter cakes, nodules or dry meal
and are thus suitable for all process types. The largest long kilns have a length-to-diameter ratio
of 38:1 and can be more than 200 m long. These huge units produce around 3600 tonnes/day
using the wet process (Belgium, US, former Soviet Union). Long rotary kilns are designed for
drying, preheating, calcining and sintering, so that only the feed system and cooler have to be
added. The upper part of the long kilns is equipped with chain curtains and fixed installations to
improve heat transfer.

Wet process kilns, used since 1895, are the oldest type of rotary kilns in use for producing
cement clinker.  Wet raw material preparation was initially used because homogenisation was
easier with liquid material. Wet kiln feed typically contains 32 to 40% water. This is necessary
to maintain the liquid properties of the feed. This water must then be evaporated in the specially
designed drying zone at the inlet section of the kiln where a significant portion of the heat from
fuel combustion is used. This technology has high heat consumption with the resulting emission
of high quantities of combustion gas and water vapour.

Long dry kilns were developed in the US based on batch type dry homogenising systems for
raw material preparation. Because of the high fuel consumption only a few have been installed
in Europe.

1.2.4.2 Rotary kilns equipped with preheaters

Rotary kilns equipped with preheaters have a typical length-to-diameter ratio of between 10:1
and 17:1. There are two types preheaters : grate preheaters and suspension preheaters.

Grate preheater technology

Grate preheater technology, perhaps better known as the Lepol kiln, was invented in 1928. It
represented the first approach to letting part of the clinkering process take place in a stationary
installation outside the kiln. This allowed the rotary kiln to become shorter and so reduced the
heat losses and increased energy efficiency.
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In the grate preheater (see Figure 1.6a) nodules made from dry meal on a noduliser disc (semi-
dry process) or from wet slurry filter cakes in an extruder (semi-wet process) are fed onto a
horizontal travelling grate which travels through a closed tunnel. The tunnel is divided into a
hot gas chamber and a drying chamber by a partition with an opening for the grate. A fan draws
the exhaust gas from the rotary kiln into the top of the preheater, through the nodules layer in
the hot gas chamber, and then through the cyclones of the intermediate dust collector. In these
cyclones large dust particles, which would otherwise cause wear to the fan, are removed. The
next fan then draws the gas into the top of the drying chamber, through the moist layer of
nodules, and finally pushes it out into the dust collector. In order to achieve optimum thermal
efficiency, the semi-wet grate preheaters can be equipped with triple-pass gas systems, and
cooler waste air is used for raw material drying. The maximum unit size to have been built is
3300 tonnes/day for a semi-wet kiln system.

The rotary kiln exhaust gas enters the preheater with a temperature of 1000-1100 oC. As it
flows through the layer of material in the hot gas chamber, the exhaust gas cools down to 250-
300 oC, and it leaves the drying chamber at 90-150 oC. The material to be burnt reaches a
temperature of about 150 oC in the drying chamber and 700-800 oC in the heating chamber.

                                                         Figure 1.6a: Grate preheater

Figure 1.6b: Suspension preheater  Figure 1.6c: Suspension preheater with precalciner

Figure 1.6: Schematic diagrams of different preheaters
[Ullmann’s, 1986]
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Suspension preheater technology

The invention of the suspension preheater in the early 1930s was a significant development.
Preheating and even partial calcination of the dry raw meal (dry/semi-wet processes) takes
place by maintaining the meal in suspension with hot gas from the rotary kiln. The considerably
larger contact surface allows almost complete heat exchange, at least theoretically.

Various suspension preheater systems are available. They usually have between four and six
cyclone stages, which are arranged one above the other in a tower 50-120 m high. The
uppermost stage may comprise two parallel cyclones for better dust separation. The exhaust
gases from the rotary kiln flow through the cyclone stages from the bottom upward. The dry
powdery raw material mixture is added to the exhaust gas before the uppermost cyclone stage.
It is separated from the gas in the cyclones and rejoins it before the next cyclone stage. This
procedure repeats itself at every stage until finally the material is discharged from the last stage
into the rotary kiln. This alternate mixing, separation, and remixing at higher temperature is
necessary for optimal heat transfer.

Shaft preheaters

A considerable number of shaft preheaters were built following the introduction of suspension
preheater technology, given its theoretically superior heat exchange properties. However, the
difficulty of ensuring an even distribution of meal to gas meant that actual performance was far
worse than expected, and technology using shaft stages alone was eventually abandoned in
favour of hybrid systems with cyclone stages or pure multi-stage cyclone preheaters. Some of
those hybrids are still in operation, however most of them have been converted to pure cyclone
preheaters.

A shaft stage is considerably less sensitive to build-up problems than a cyclone stage, which
can be an advantage for the bottom stage in cases where excessive quantities of circulating
elements (chlorides, sulphur, alkalis) are present. Hybrid preheaters with a bottom shaft stage
are still available for new plants.

Typical capacities of shaft preheater kilns were up to 1500 tonnes/day, whereas hybrid systems
can produce 3000 tonnes/day or more.

Four stage cyclone preheater

The four-stage cyclone preheater kiln system (see Figure 1.6b) was standard technology in the
1970s when many plants were built in the 1000 to 3000 tonnes/day range. The exhaust gas,
which has a temperature of around 330 °C is normally used for raw material drying.

When the meal enters the rotary kiln, calcination is already about 30% completed. Severe
problems have in the past been encountered with four stage preheaters in cases where inputs of
circulating elements (chlorides, sulphur, alkalis) from the feed and/or fuel were excessive.
Highly enriched cycles of these elements lead to build-ups in cyclone and duct walls, which
frequently cause blockages and kiln stops lasting several days. Kiln gas bypass, i.e. extraction
of part of the particulate laden gas stream leaving the kiln so that it bypasses the cyclone
system, is a frequently used solution to the problem. This bypass gas is cooled to condense the
alkalis and then passed through a dust collector before discharge. Whilst in some regions it is
necessary, for the control of clinker alkali levels, to send the bypass dust and part of the kiln
dust to landfill, in all other cases it is fed back into the production process.
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Almost all four-stage suspension preheaters operate with rotary kilns with three supports. This
has been the standard design since around 1970. Kilns with diameters from 3.5 to 6 m have
been built with length to diameter ratios in the range 13:1 to 16:1. Mechanically simpler than
the long wet and dry kilns, it is probably the most widely used kiln type today.

1.2.4.3 Rotary kilns with preheater and precalciner

The precalcination technique has been available to the cement industry since about 1970. In this
procedure the heat input is divided between two points. Primary fuel combustion occurs in the
kiln burning zone. Secondary burning takes place in a special combustion chamber between the
rotary kiln and the preheater. In this chamber up to 60% of the total fuel can be burnt in a
typical precalciner kiln. This energy is basically used to calcine the raw meal, which is almost
completely calcined when it enters the kiln. Hot air for combustion in the calciner is ducted
from the cooler. Material leaves the calciner at about 870 ºC.

Figure 1.6c shows this procedure applied to a kiln with a suspension preheater. In principle,
secondary burning can also be applied in a kiln with a grate preheater. For a given rotary kiln
size precalcining increases the clinker capacity.

Kiln systems with five cyclone preheater stages and precalciner are considered standard
technology for new dry process plants.

The size of a new plant is primarily determined by predicted market developments, but also by
economy of scale. Typical unit capacity for new plants in Europe today is from 3000 to 5000
tonnes/day. Technically, larger units with up to 15000 tonnes/day are possible, and three 10000
tonnes/day kilns are currently in operation in Asian markets.

Earlier precalciner systems had only four preheater stages with accordingly higher exhaust gas
temperature and fuel consumption. Where natural raw material moisture is low, six-stage
preheaters can be the preferred choice, particularly in combination with bag-filter dedusting.

Where excessive inputs of circulating elements are present, a kiln gas bypass is required to
maintain continuous kiln operation. However, due to the different gas flow characteristics, a
bypass in a precalciner kiln is much more efficient than in a straight preheater kiln.

In spite of the fact that the meal enters the kiln 75 to 95% calcined, most precalciner kilns are
still equipped with a rotary kiln with a calcining zone, i.e. with an L/D ratio of 13:1 to 16:1 as
in the case of the straight preheater kilns.

1.2.4.4 Shaft kilns

A few shaft kilns are used for cement production in Europe. Kilns of this type consist of a
refractory-lined, vertical cylinder 2-3 m in diameter and 8-10 m high. They are fed from the top
with raw meal pellets and fine grained coal or coke. The material being burnt travels through a
short sintering zone in the upper, slightly enlarged part of the kiln. It is then cooled by the
combustion air blown in from the bottom and leaves the lower end of the kiln on a discharge
grate in the form of clinker.

Shaft kilns produce less than 300 tonnes/day of clinker. They are only economic for small
plants, and for this reason their number has been diminishing.
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1.2.4.5 Kiln exhaust gases

In all kiln systems the exhaust gases are finally passed through an air pollution control device
(electrostatic precipitator or bag filter) for separation of the dust before going to the main stack.

In the dry processes the exhaust gases can be at a relatively high temperature and may provide
heat for the raw mill when it is running (compound operation). If the raw mill is not running
(direct operation), the gases are normally cooled with water sprays in a conditioning tower
before going to the dust collector, both to reduce their volume and to improve their
precipitation characteristics.

CO-trips

Carbon monoxide can arise from any organic content in the raw materials and, occasionally,
due to the incomplete combustion of fuel. The contribution from the raw materials, due to
preheating, will be exhausted with the kiln gases.

Control of CO levels is critical in cement (and lime) kilns when EPs are used for particulate
abatement, to ensure concentrations are kept well below the lower explosive limit. If the level
of CO in the EP rises (typically to 0.5% by volume) then the electrical system is tripped
(switched off) to eliminate the risk of explosion. This leads to unabated particulate releases
from the kiln. CO trips can be caused by unsteady state operation of the combustion system.
This sometimes occurs when feeding solid fuels, so solid-fuel feeding systems must be
designed to prevent surges of fuel into the burner. The moisture content of solid fuels is a
particularly critical factor in this respect and must be carefully controlled to prevent hold ups or
blockages in the fuel preparation and feeding systems.

1.2.4.6 Clinker coolers

The clinker cooler is an integral part of the kiln system and has a decisive influence on
performance and economy of the pyroprocessing plant. The cooler has two tasks: to recover as
much heat as possible from the hot (1450 °C) clinker so as to return it to the process; and to
reduce the clinker temperature to a level suitable for the equipment downstream.

Heat is recovered by preheating the air used for combustion in main and secondary firing as
close to the thermodynamic limit as possible. However, this is hindered by high temperatures,
the extreme abrasiveness of the clinker and its wide granulometric range. Rapid cooling fixes
the mineralogical composition of the clinker to improves the grindability and optimise cement
reactivity.

Typical problems with clinker coolers are thermal expansion, wear, incorrect air flows and poor
availability, which work against the above requirements. There are two main types of coolers:
rotary and grate.

Rotary coolers

The tube cooler

The tube cooler uses the same principle as the rotary kiln, but for reversed heat exchange.
Arranged at the outlet of the kiln, often in reverseconfiguration, i.e. underneath the kiln, a
second rotary tube with its own drive is installed. After kiln discharge, the clinker passes a
transition hood before it enters the cooler, which is equipped with lifters to disperse the product
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into the air flow. Cooling air flow is determined by the air required for fuel combustion. Apart
from the speed, only the internals can influence the performance of the cooler. Optimisation of
lifters must consider heat exchange (dispersion pattern) versus dust cycle back to the kiln.

The planetary (or satellite) cooler

The planetary (or satellite) cooler is a special type of rotary cooler. Several cooler tubes,
typically 9 to 11, are attached to the rotary kiln at the discharge end. The hot clinker enters
through openings in the kiln shell arranged in a circle at each point where a cooler tube is
attached. The quantity of cooling air is determined by the air required for fuel combustion and
enters each tube from the discharge end, allowing counter-current heat exchange. As for the
tube cooler, internals for lifting and dispersing the clinker are essential. There are no variable
operating parameter. High wear and thermal shock, in conjunction with dust cycles, mean high
clinker exit temperatures and sub-optimum heat recovery are not unusual. Clinker exit
temperature can only be further reduced by water injection into the cooler tubes or onto the
shell.

Because it is practically impossible to extract tertiary air, the planetary cooler is not suitable for
precalcination. Secondary firing with up to 25% fuel in the kiln riser area is possible, however.

Grate coolers

Cooling in grate coolers is achieved by passing a current of air upwards through a layer of
clinker (clinker bed) lying on an air-permeable grate. Two ways of transporting the clinker are
applied: travelling grate and reciprocating grate (steps with pushing edges).

Since the hot air from the aftercooling zone is not used for combustion, it is available for drying
purposes, e.g. raw materials, cement additives or coal. If not used for drying, this cooler waste
air must be properly dedusted.

Travelling grate coolers

In this type of cooler, clinker is transported by a travelling grate. This grate has the same design
features as the preheater grate (Lepol). Cooling air is blown by fans into compartments
underneath the grate. Advantages of this design are an undisturbed clinker layer (no steps) and
the possibility of exchanging plates without a kiln stop. Due to its mechanical complexity and
poor recovery resulting from limited bed thickness (caused by the difficulty of achieving an
effective seal between the grate and walls), this design ceased to be used in new installations
around 1980.

Reciprocating grate cooler, conventional

Clinker transport in the reciprocating grate cooler is effected by stepwise pushing of the clinker
bed by the front edges of alternate rows of plates. Relative movement of front edges is
generated by hydraulic or mechanical (crankshaft) drives connected to every second row. Only
the clinker travels from feed end to discharge end, but not the grate.

The grate plates are made from heat resistant cast steel and are typically 300 mm wide and have
holes for the air to pass through them.
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Cooling air is insufflated from fans at 300-1000 mmWG via compartments located underneath
the grate. These compartments are partitioned from one another in order to maintain the
pressure profile. Two cooling zones can be distinguished:
- the recuperation zone, from which the hot cooling air is used for combustion of the main

burner fuel (secondary air) and the precalciner fuel (tertiary air);
- the aftercooling zone, where additional cooling air cools the clinker to lower temperatures.

The largest units in operation have an active surface of about 280 m2 and cool 10000
tonnes/day of clinker. Typical problems with these coolers are segregation and uneven clinker
distribution leading to air-clinker imbalance, fluidisation of fine clinker (red river) and also
build ups (snowmen) and less than ideal life of plates.

Reciprocating grate cooler, modern

Introduction and development of modern technology reciprocating grate coolers started around
1983. The design aimed to eliminate the problems with conventional coolers thus coming a step
closer to optimum heat exchange and also more compact coolers using less cooling air and
smaller dedusting systems.

Key features of modern cooler technology are (depending on supplier):
- modern plates with built-in, variable or permanent, pressure drop, permeable to air but not

clinker;
- forced plate aeration via ducts and beams;
- individually adjustable aeration zones ;
- fixed inlet;
- fewer and wider grates;
- roller crusher;
- heat shields.

Vertical coolers

A dust free aftercooler called a Gravity cooler or G-cooler has been developed to be installed
after a planetary cooler or short grate recuperator/cooler. The cooling air never comes into
contact with the clinker as heat exchange is effected by the clinker descending over transverse
steel tubes in the clinker bed, which in turn are cooled by air blown through them.

1.2.5 Cement grinding and storage

1.2.5.1 Clinker storage

Clinker and other cement components are stored in silos or in closed sheds. Larger stocks can
be stored in the open if the necessary precautions against dust formation are taken.

The most common clinker storage systems are:
- longitudinal store with gravity discharge (limited live stock);
- circular store with gravity discharge (limited live stock);
- clinker storage silo (high live stock; problems with ground vibrations can occur during clinker

 withdrawal from the silo at certain silo levels);
- clinker storage dome (limited live stock).
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1.2.5.2 Cement grinding

Portland cement is produced by intergrinding cement clinker and sulphates such as gypsum and
anhydrite. In blended cements (composite cements) there are other constituents, such as
granulated blast furnace slag, natural or artificial pozzolanas, limestone, or inert fillers. These
will be interground with the clinker or may need to be dried and ground separately. (Grinding
plants may be at separate locations from clinker production plants.)

The kind of cement grinding process and the plant concept chosen at a specific site depend on
the cement type to be produced. Of special importance are the grindability, the humidity and the
abrasive behaviour of the compounds of the cement type produced.

Most mills work in a closed circuit, that is, they can separate cement with the required fineness
from the material being ground and return coarse material to the mill.

Metering and proportioning of the mill feed

The accuracy and reliability of metering and proportioning of the mill feed components by
weight is of great importance for maintaining a high energy efficiency of a grinding system.
The predominant metering and proportioning equipment for the material feed to mills is the belt
weigh feeder.

Grinding of cement

Due to the variety of cement types required by the market, latest-generation grinding systems
equipped with a dynamic air separator predominate.

Commonly used finish grinding systems are:
- tube mill, closed circuit (mineral addition is rather limited, if not dry or pre-dried);
- vertical roller mill (best suited for high mineral additions due to its drying capacity, best

suited for separate grinding of mineral addition);
- roller press (mineral addition is rather limited, if not dry or pre-dried).

Other finish grinding systems used are:
- tube mill, end discharge in open circuit;
- tube mill, end discharge in closed circuit with mechanical air separator or cyclone air

separator of older generations;
- horizontal roller mill.

The working principle of vertical roller mills is based on the action of 2 to 4 grinding rollers
supported on hinged arms and riding on a horizontal grinding table or grinding bowl. It is suited
especially for simultaneous grinding and drying of cement raw materials or slag since vertical
roller mills can handle relatively high moisture contents in the mill feeds. The transition time
for materials through the mill is short enough to prevent pre-hydration of the cement clinker,
e.g. in the case of slag cement grinding.

The high-pressure twin roller mill still needs a comparatively high degree of maintenance.
High-pressure twin roller mills are often used in conjunction with ball mills.
A more recent development in cement grinding is the horizontal roller mill. This consists of a
short horizontal shell supported on hydrodynamic or hydrostatic bearings. The shell is rotated
via a girth gear. Inside the shell is a horizontal roller which is free to rotate and can be pressed
hydraulically onto the shell. The material to be ground is fed into one or both ends of the shell,
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and passes between the roller and the shell several times. The crushed material leaving the mill
is transported to a separator, the oversize fraction being returned to the mill.

Grinding of mineral additions

Mineral additions are usually ground together with the clinker and gypsum. The decision to
grind them separately basically depends upon the following factors:
- the percentage of mineral additives in the final product and in cement production as a whole;
- whether a spare mill system is available;
- whether there is a considerable difference in the grindability of the clinker and mineral

additives;
- the moisture content of the mineral additives.

If pre-drying of mineral additives is required, drier systems can be employed using either kiln
exhaust gases and/or cooler exhaust air or an independent hot gas source.

Inter-grinding systems

Any of the grinding systems mentioned for the dry/semi-dry grinding of raw materials can be
used for inter-grinding mineral additives with clinker and gypsum. However, most systems
place limits on the moisture content of the feed mixture - 2% maximum or 4% if a hot gas
source is used. For higher moisture contents the systems require pre-drying of the mineral
additives in a drier. An exception is the vertical roller system, which is capable of handling
moisture contents up to 20%, but still requires a hot gas source.

Separate Grinding

For separate grinding of mineral additives the systems for the dry/semi-dry grinding of raw
materials can be used. However, the same applies for the systems with regard to the moisture
content of the additives mixture, and pre-drying may be required.

Separation by particle size distribution

The particle size distribution of the product leaving the cement grinding system is of great
importance for the cement quality. The specification of these parameters is achieved by
adjusting the separator. Latest generation separators of the rotor cage type have several
advantages over previous designs, such as:
- lower specific energy consumption by the system (less overgrinding);
- increase of system throughput (efficiency);
- possibility of product cooling;
- higher flexibility for adjustments in product fineness;
- better control of particle size distribution, better product uniformity.

1.2.5.3 Storage of cement

Both pneumatic and mechanical conveying systems can be used for cement transport to storage
silos. Mechanical systems normally have a higher investment cost but a much lower operating
cost than pneumatic transport. A combination of air-slide or screw/chain conveyors with a
chain bucket elevator is nowadays the most commonly used conveying system.



Cement Industry Chapter  2

PH / EIPPCB / CL_BREF_FINAL March 2000 21

Different cements are stored separately in silos. Usually various silos are required for the
storage of cements. However, new silo designs allow the storage of more than one type of
cement in the same silo. The silo configurations currently used for cement storage are:
- single-cell silo with discharge hopper;
- single-cell silo with central cone;
- multi-cell silo;
- dome silo with central cone.

Compressed air is used to initiate and maintain the cement discharge process from these silos
via aeration pads located at the bottom of the silo.

1.2.6 Packing and dispatch

Cement is transferred from the silos either direct into bulk road or rail (or ship) tankers, or to a
bag packing station.
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1.3 Present consumption/emission levels

The main environmental issues associated with cement production are emissions to air and
energy use. Waste water discharge is usually limited to surface run off and cooling water only
and causes no substantial contribution to water pollution. The storage and handling of fuels is a
potential source of contamination of soil and groundwater.

A mass balance for the production of 1 kg of cement with the dry process, using heavy fuel oil
as fuel, is shown in Figure 1.7.

Burning
(dry process) Grinding 1000 g cement

air

air

Mass Balance for 1 kg Cement

Emissions : CO 2  600 g  (404 g CO2  from raw material, 196 g CO2  from burning)
N 2     1566 g
O 2  262 g
H 2O      69 g + raw material moisture

1150 g raw material

63 g fuel

984 g air
+ raw material moisture

Fuel:                    heavy fuel oil
Calorific value:   40000 kJ/kg (on a dry basis)

10 % excess air

1050 g air

gypsum
filler
blast furnace slag
fly ash

{250 g

Raw meal factor:  1.54
Clinker factor:      0.75
Specific energy: 3.35 MJ/kg Clinker
Air:      10 - 11  Vol . %  O2

750 g

clinker

Figure 1.7: Mass balance for the production of 1 kg cement
Based on figure from [Austrian BAT-proposal, 1996]

1.3.1 Consumption of raw materials

Cement manufacture is a high volume process. The figures in Table 1.7 indicate typical average
consumptions of raw materials for the production of cement in the European Union. The figures
in the final column are for a plant with a clinker production of 3000 tonnes/day or 1 million
tonnes/year, corresponding to 1.23 million tonnes cement per year based on the average clinker
content in European cement.

Materials (dry basis) per tonne
clinker

per tonne
cement

per year
per Mt clinker

Limestone, clay, shale, marl,
other

1.57 t 1.27 t 1568000 t

Gypsum, anhydrite - 0.05 t 61000 t

Mineral additions - 0.14 t 172000 t

Table 1.7: Consumption of raw materials in cement production
[Cembureau report, 1997]
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1.3.2 Use of energy

The dominant use of energy in cement manufacture is as fuel for the kiln. The main users of
electricity are the mills (finish grinding and raw grinding) and the exhaust fans (kiln/raw mill
and cement mill) which together account for more than 80% of electrical energy usage. On
average, energy costs -in the form of fuel and electricity- represent 50% of the total production
cost involved in producing a tonne of cement. Electrical energy represents approximately 20%
of this overall energy requirement. [Int.Cem.Rev, Jan/96]

The theoretical energy use for the burning process (chemical reactions) is about 1700 to 1800
MJ/tonne clinker. The actual fuel energy use for different kiln systems is in the following
ranges (MJ/tonne clinker):
about 3000 for dry process, multi-stage cyclone preheater and precalciner kilns,
3100-4200 for dry process rotary kilns equipped with cyclone preheaters,
3300-4500 for semi-dry/semi-wet processes (Lepol-kiln),
up to 5000 for dry process long kilns,
5000-6000 for wet process long kilns, and
(3100-4200 for shaft kilns).

The electricity demand is about 90-130 kWh/tonne cement.

1.3.3 Emissions

The IPPC Directive includes a general indicative list of the main air-polluting substances to be
taken into account, if they are relevant for fixing emission limit values. Relevant to cement
manufacture are:
- oxides of nitrogen (NOx) and other nitrogen compounds;
- sulphur dioxide (SO2) and other sulphur compounds;
- dust.

Cement plant operation and literature on air pollution and abatement techniques generally focus
on these three pollutants.

From the list, the following pollutants are also considered to be of concern for the production of
cement:
- carbon monoxide (CO);
- volatile organic compounds (VOC).

Other pollutants from the list also to be considered in relation to the production of cement are:
- polychlorinated dibenzodioxins and dibenzofurans (PCDDs and PCDFs);
- metals and their compounds;
- HF
- HCl.

Not mentioned in the list, but considered to be relevant for cement production is carbon dioxide
(CO2). Other emissions, the effect of which is normally slight and/or local, are waste, noise and
odour.

The main releases from the production of cement are releases to air from the kiln system. These
derive from the physical and chemical reactions involving the raw materials and the combustion
of fuels. The main constituents of the exit gases from a cement kiln are nitrogen from the
combustion air; CO2 from calcination of CaCO3 and combustion of fuel; water vapour from the
combustion process and from the raw materials; and excess oxygen.
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In all kiln systems the solid material moves counter currently to the hot combustion gases. This
counter current flow affects the release of pollutants, since it acts as a built-in circulating
fluidised bed. Many components that result from the combustion of the fuel or from the
transformation of the raw material into clinker remain in the gas phase only until they are
absorbed by, or condensed on, the raw material flowing counter currently.

The adsorptive capacity of the material varies with its physical and chemical state. This in turn
depends on its position within the kiln system. For instance, material leaving the calcination
stage of a kiln process has a high calcium oxide content and therefore has a high absorptive
capacity for acid species, such as HCl, HF and SO2.

Emission data from kilns in operation is given in Table 1.8. The emission ranges within which
kilns operate depend largely on the nature of the raw materials, the fuels, the age and design of
the plant, and also on the requirements laid down by the permitting authority.

Emission ranges from European cement kilns

mg/Nm3 kg/tonne clinker tonnes/year
NOx (as NO2) <200–3000 <0.4-6 400-6000
SO2 <10–3500 <0.02-7 <20-7000
Dust 5–200 0.01-0.4 10-400
CO 500–2000 1-4 1000-4000
CO2 400-520 g/Nm3 800-1040 0.8-1.04 million
TOC 5-500 0.01–1 10-1000
HF <0.4-5 <0.8-10 g/t <0.8-10
HCl <1-25 <2-50 g/t <2-50
PCDD/F <0.1-0.5 ng/Nm3 <200-1000 ng/t <0.2-1 g/year
Metals:

 (Hg, Cd, Tl) 0.01-0.3 (mainly Hg) 20-600 mg/t 20-600 kg/year
 (As, Co, Ni, Se, Te) 0.001-0.1 2-200 mg/t 2-200 kg/year
 (Sb, Pb, Cr, Cu, Mn, 0.005-0.3 10-600 mg/t 10-600 kg/year

V, Sn, Zn)

Note: Mass figures are based on 2000 m3/tonne clinker and 1 million tonnes clinker/year. Emission
ranges are one-year averages and are indicative values based on various measurement techniques.
O2-content is normally 10%.

Table 1.8: Emission ranges data from European cement kilns
Based on [Cembureau report, 1997], [Cembureau], [Dutch report, 1997], [Haug], [Lohse]

Typical kiln exhaust gas volumes expressed as m3/tonne of clinker (dry gas, 101.3 kPa, 273 K)
are between 1700 and 2500 for all types of kilns [Cembureau]. Suspension preheater and
precalciner kiln systems normally have exhaust gas volumes around 2000 m3/tonne of clinker
(dry gas, 101.3 kPa, 273 K).

There are also releases of particulates from all milling operations i.e. raw materials, solid fuel
and product. There is potential for the release of particulates from any outside storage of raw
materials and solid fuels as well as from any materials transport systems, including cement
product loading. The magnitude of these releases can be significant if these aspects are not well
engineered or maintained and being released at low level can lead to local nuisance problems.
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1.3.3.1 Oxides of nitrogen

Nitrogen oxides (NOx) are of major significance with respect to air pollution from cement
manufacturing plants. On an average, the European cement kilns emit cirka 1300 mg NOx/m3

(as NO2, dry gas, 273 K, 101.3 kPa, 10% O2) [Ökopol report, 1998]. NOx emission
measurements at more than 50 preheater rotary cement kilns revealed a mean value of 2.1 g
NO2/kg of clinker, which corresponds to 1050 mg NO2/m3 (dry gas, 273 K, 101.3 kPa, 10% O2)
in the exhaust gas [Int.Cem.Rev, Jan/96]. In an Austrian study the mean value for a calender
year was calculated from half-hour mean values for each kiln by means of continuous
measurement. The mean values varied from 371–964 mg NOx/m3. All Austrian kilns use
primary measures, 1 kiln has staged combustion and 1 kiln use mineralisers. The average
emission of NOx for all Austrian kilns was 680 mg NOx/m3 (11 kilns, 9 suspension preheater
and 2 grate preheater (Lepol) kiln systems). [Austrian study, 1997] The NOx emission vary with
which kiln process is used, Table 1.9 shows results of emission measurements carried out in the
Federal Republic of Germany by the Research Institute of the Cement Industry in the 1980s
[Karlsruhe I, 1996].

Process type NOx emission factor
[g NO2/tonne clinker]

NOx concentration 1

[mg NO2/m3]

Cyclone preheater with heat recovery 600-3100 300-1400
Cyclone preheater without heat recovery 800-3500 500-2000
Grate preheater 800-4100 400-2100
1) Related to dry gas, 0 oC (273 K), 101.3 kPa, 10% O2

Table 1.9: Results of NOx measurements in Germany during the 1980s
[Karlsruhe I, 1996]

NO and NO2 are the dominant nitrogen oxides in cement kiln exhaust gases (NO >90% of the
nitrogen oxides). There are two main sources for production of NOx:
-Thermal NOx: part of the nitrogen in the combustion air reacts with oxygen to form various

oxides of nitrogen.
-Fuel NOx: nitrogen containing compounds, chemically bound in the fuel, react with

oxygen in the air to form various oxides of nitrogen.

Thermal NOx forms at temperatures above 1200 oC and involves the reaction of nitrogen and
oxygen molecules in the combustion air. Thermal NOx is produced mainly in the kiln burning
zone where it is hot enough to achieve this reaction. The amount of thermal NOx produced in
the burning zone is related to both burning zone temperature and oxygen content (air excess
factor). The rate of reaction for thermal NOx increases with temperature; therefore, hard-to-burn
mixes which require hotter burning zones will tend to generate more thermal NOx than kilns
with easier-burning mixes. The rate of reaction also increases with increasing oxygen content
(air excess factor). Running the same kiln with a higher backend oxygen content (air excess
factor) will result in a higher thermal NOx generation in the burning zone (although emissions
of SO2 and/or CO may decrease).

Fuel NOx is generated by the combustion of the nitrogen present in the fuel. Nitrogen in the fuel
either combines with other nitrogen atoms to form N2 gas or reacts with oxygen to form fuel
NOx. In a precalciner the prevailing temperature is in the range of 850-950 °C, which is not
high enough to form significant thermal NOx, but fuel NOx will occur. Similarly, other types of
secondary firing of fuel in the back end of a kiln system, such as in the kiln riser pipe of a
suspension preheater kiln or the calcining chamber of a preheater grate, may give rise to fuel
NOx. Therefore, in precalciner kilns, where up to 60% of the fuel can be burnt in the calciner,
fuel NOx formation significantly contributes to the total NOx emission. The thermal NOx
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formation in these kilns is much lower when compared to kilns where all the fuel is burnt in the
sintering zone.

Besides temperature and oxygen content (air excess factor), NOx formation can be influenced
by flame shape and temperature, combustion chamber geometry, the reactivity and nitrogen
content of the fuel, the presence of moisture, the available reaction time and burner design.

1.3.3.2 Sulphur dioxide

SO2 emissions from cement plants are primarily determined by the content of the volatile
sulphur in the raw materials. Kilns that use raw materials with little or no volatile sulphur have
little problems with SO2 emissions. The emission concentration in the flue gas are below 10 mg
SO2/m3 without abatement at some kilns, the SO2 emission concentration increase with
increased levels of volatile sulphur in the used raw material.

When raw materials containing organic sulphur or pyrite (FeS) are used the emissions of SO2
can be high. SO2 is the main (99%) sulphur compound to be released, although some SO3 is
produced and, under reducing conditions, H2S could be evolved. Sulphur in the raw material
occurring as sulphides and organically combined sulphur will evaporate, and 30% or more may
be emitted from the first stage of a preheater. The gases from this unit will either be emitted
directly to the atmosphere, or fed to the raw mill if it is in operation. In the raw mill, 20-70% of
the SO2 will be captured by the finely ground raw materials. Thus it is important that raw
milling is optimised so that the raw mill can be operated to act as SO2 abatement for the kiln.

Sulphur in the fuels fed to preheater kilns will not lead to significant SO2 emissions, due to the
strong alkaline nature in the sintering zone, the calcination zone and in the lower stage of the
preheater. This sulphur will be captured in the clinker. The excess oxygen (1 to 3% O2
maintained in the kiln for satisfactory cement product quality) will normally immediately
oxidise any released sulphide compounds to SO2. In long kilns the contact between SO2 and
alkaline material is not so good, and sulphur in the fuels can lead to significant SO2 emissions.

Despite the fact that most sulphur remains in the clinker as sulphate, SO2 emissions can be
significant from raw materials with a high volatile sulphur content and can be regarded as a
major pollutant.

1.3.3.3 Dust

Traditionally the emission of dust, particularly from kiln stacks, has been the main
environmental concern in relation to cement manufacture. The main sources of dust are kilns,
raw mills, clinker coolers and cement mills. In all these processes large volumes of gases are
flowing through dusty materials. The design and reliability of modern electrostatic precipitators
and bag filters ensure dust releases can be reduced to levels where they cease to be significant;
emission levels below 10 mg/m3 are achieved in some installations.

Fugitive dust emissions can arise during the storage and handling of materials and solid fuels,
and also from road surfaces. Particulate releases from packing and dispatch of clinker/cement
can also be significant. The impact of fugitive emissions can be a local increase in levels of
dust, whereas process dust emissions (generally from high stacks) can have impact on the air
quality over a much larger area.



Cement Industry Chapter  3

PH / EIPPCB / CL_BREF_FINAL March 2000 27

1.3.3.4 Carbon oxides (CO2, CO)

The emission of CO2 is estimated at 900 to 1000 kg/tonne clinker, related to a specific heat
demand of approximately 3500 to 5000 MJ/tonne clinker, but also depending on fuel type. Due
to cement grinding with mineral additions the emission of CO2 is reduced when related to
tonnes of cement (compare to Figure 1.7). Approximately 60% originates in the calcining
process and the remaining 40% is related to fuel combustion. The CO2 emissions resulting from
the combustion of the carbon content of the fuel is directly proportional to the specific heat
demand as well as the ratio of carbon content to the calorific value of the fuel. For example, a
specific heat demand of 3000 MJ/tonne of clinker and the use of hard coal with a calorific value
of 30 MJ/kg and a carbon content of 88% results in a CO2 emission of 0.32 tonne per tonne of
clinker, when regarding fuel part only. Using natural gas instead reduces this level by
approximately 25%. [Austrian report, 1997] Emissions of combustion CO2 have been
progressively reduced, a reduction of about 30% in the last 25 years has been accomplished
mainly by the adoption of more fuel efficient kiln processes.

The emission of CO is related to the content of organic matter in the raw material, but may also
result from poor combustion when control of the solid fuel feed is sub-optimal. Depending on
the raw material deposit, between 1.5 and 6 g of organic carbon per kg clinker are brought into
the process with the natural raw material. According to Cembureau, tests using raw meals of
various origins showed that between 85-95% of the organic compounds in the raw material are
converted to CO2 in the presence of 3% oxygen, but at the same time 5-15% are converted to
CO. The proportion emitted as volatile organic carbon compounds (VOC) under these
conditions was well below 1%. The CO concentration can be as high as 1000 mg/Nm3, even
exceeding 2000 mg/Nm3 in some cases. [Cembureau report, 1997] Good hopper, transport
conveyor and feeder design is essential to ensure that the feedrate of solid fuel is steady with
minimal peaks. Otherwise substoichiometric combustion may occur which can lead to short
term peaks of greater than 0.5% CO. These cause the additional problem that any EP abatement
will have to be switched off automatically to avoid explosion.

1.3.3.5 Volatile organic compounds

In heat (combustion) processes in general, the occurrence of volatile organic compounds (and
carbon monoxide) is often associated with incomplete combustion. In cement kilns, the
emission will be low under normal steady-state conditions, due to the large residence time of
the gases in the kiln, the high temperature and the excess oxygen conditions. Concentrations
may increase during start-up or upset conditions. These events can occur with varying
frequency, for example between once or twice per week to once per two or three months.

Emissions of volatile organic compounds (VOCs) can occur in the primary steps of the process
(preheater, precalciner), when organic matter that is present in the raw materials is volatilised
as the feed is heated. (See also section 1.2.3.3 Use of waste as fuel). The organic matter is
released between temperatures of 400 and 600 oC. The VOC content of the exhaust gas from
cement kilns typically lies between 10 and 100 mg/Nm3, in rare cases emissions can reach as
much as 500 mg/Nm3 because of the raw material characteristics. [Cembureau report, 1997]

1.3.3.6 Polychlorinated dibenzodioxins (PCDDs) and dibenzofurans (PCDFs)

Any chlorine input in the presence of organic material may potentially cause the formation of
polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) in heat
(combustion) processes. PCDDs and PCDFs can be formed in/after the preheater and in the air
pollution control device if chlorine and hydrocarbon precursors from the raw materials are
available in sufficient quantities. (See also section 1.2.3.3 Use of waste as fuel). The
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reformation of dioxins and furans is known to occur by de novo synthesis within the
temperature window of cooling from 450 to 200 oC. Thus it is important that as the gases are
leaving the kiln system they should be cooled rapidly through this range. In practice this is what
occurs in preheater systems as the incoming raw materials are preheated by the kiln gases.

Due to the long residence time in the kiln and the high temperatures, emissions of PCDDs and
PCDFs is generally low during steady kiln conditions. In Europe, cement production is rarely a
significant source of PCDD/F emissions. Nevertheless, from the data reported in the document
“Identification of Relevant Industrial Sources of Dioxins and Furans in Europe” there would
still seem to be considerable uncertainty about dioxin emissions. [Materialien, 1997]

The reported data indicate that cement kilns can mostly comply with an emission concentration
of 0.1 ng TEQ/Nm3, which is the limit value in the European legislation for hazardous waste
incineration plants (Council Directive 94/67/EC). German measurements at 16 cement clinker
kilns (suspension preheater kilns and Lepol kilns) during the last 10 years indicate that the
average concentration amounts to about 0.02 ng TE/m3. [Schneider, 1996]

1.3.3.7 Metals and their compounds

Raw materials and fuels will always contain metals. The concentrations vary widely from one
location to another. Metal compounds can be categorised into three classes, based on the
volatilities of the metals and their salts:
1. Metals which are or have compounds that are refractory or non-volatile: Ba, Be, Cr, As, Ni,

V, Al, Ti, Ca, Fe, Mn, Cu and Ag;
2. Metals that are or have compounds that are semi-volatile: Sb, Cd, Pb, Se, Zn, K and Na;
3. Metals that are or have compounds that are volatile: Hg and Tl.
[Dutch report, 1997]

The behaviour of these metals in the burning process is dependent on their volatility. Non-
volatile metal compounds remain within the process and exit the kiln as part of the cement
clinker composition. Semi-volatile metal compounds are partly taken into the gas phase at
sintering temperatures to condense on the raw material in cooler parts of the kiln system. This
leads to a cyclic effect within the kiln system (internal cycles) which builds up to the point
where an equilibrium is established and maintained between input and output via the cement
clinker. [Cembureau report, 1997] Volatile metal compounds condense on raw material
particles at lower temperatures and potentially form internal or external cycles, if not emitted
with the flue gas of the kiln. Thallium and mercury and their compounds are particularly easily
volatilised and to a lesser extent so are cadmium, lead, selenium and their compounds. An
internal cycle of easily volatile metal compounds is formed, when they react with the
calcination feedstock or when they precipitate on the feedstock in cool areas of the calcination
chamber, in the preheater, or in subsequent drying plants. Metals form an external cycle when
the dust together with the condensed volatile compounds is separated in dust separators and
returned to the raw meal. [Karlsruhe II, 1996]

The dusts from the production of cement contain small amounts of compounds of metals such
as arsenic (As), cadmium (Cd), mercury (Hg), lead (Pb), thallium (Tl) and zinc (Zn). The main
source of metal-laden dusts is the kiln system, including preheaters, precalciners, rotary kilns
and clinker coolers. The metal concentration depends on the feedstock and recirculation in the
kiln system. In particular, the use of coal and waste fuels may increase the input of metals into
the process. As the metals entering the kiln system are of varying volatility and because of the
high temperature, the hot gases in the cement kiln system contain also gaseous metal
compounds. Balance investigations show that there is low retention of elements with high
volatility in the clinker, resulting in an accumulation of these substances in the kiln system.
[Karlsruhe II, 1996]
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1.3.4 Waste

Waste produced during clinker production consists basically of unwanted rocks, which are
removed from the raw materials during the preparation of the raw meal, and kiln dust removed
from the by-pass flow and the stack, which is not recycled.

Filtrate from the filter presses used in the semi-wet process is fairly alkaline and contains
suspended solids.

1.3.5 Noise

The heavy machinery and large fans used in cement manufacture can give rise to emissions of
noise and/or vibration.

1.3.6 Odour

Odour emissions are very rarely a problem with a well operated plant. If the raw material
contain combustible components (kerogens) which do not burn when they are heated in the
preheater, but instead only pyrolise, emissions of hydrocarbons can occur. This hydrocarbon
emission can be seen above the stack as a ‘blue haze’ or plume and can cause unpleasant smell
around the cement plant under unfavourable weather conditions.

Burning of sulphur containing fuels and/or use of sulphur containing raw materials can lead to
odour emissions (a problem especially encountered in shaft kilns).

1.3.7 Legislation

In general, emission limits for the cement industry are related to the three main pollutants NOx,
SO2 and dust. Some countries have additional limits for metals, HCl, HF, organic compounds
and PCDD/Fs. An overview of current legislation in the EU is given in Annex A.

Emission limits for cement industry are in general expressed as daily means and/or half hour
values and generally apply for stable conditions.
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1.3.8 Monitoring

To control kiln process, continuous measurements are recommended for the following
parameters:
- pressure,
- temperature,
- O2-content
- NOx,
- CO, and possibly when the SOx concentration is high
- SO2 (it is a developing technique to optimise CO with NOx and SO2)

To accurately quantify the emissions, continuous measurements are recommended for the
following parameters (these may need to be measured again if their levels can change after the
point where they are measured to be used for control):
- exhaust volume (can be calculated but is regarded by some to be complicated),
- humidity (can be calculated but is regarded by some to be complicated),
- temperature,
- dust,
- O2,
- NOx,
- SO2, and
- CO

Regular periodical monitoring is appropriate to carry out for the following substances:
- metals and their compounds,
- TOC,
- HCl,
- HF,
- NH3, and
- PCDD/Fs

Measurements of the following substances may be required occasionally under special
operating conditions:
- BTX (benzene, toluene, xylene),
- PAH (polyaromatic hydrocarbons), and
- other organic pollutants (for example chlorobenzenes, PCB (polychlorinated biphenyls)

including coplanar congeners, chloronaphthalenes, etc.).

It is especially important to measure metals when wastes with enhanced metals contents are
used as raw materials or fuels.

It is appropriate to have measured all these substances on at least one occasion to provide data
when applying for the plant’s first IPPC permit.
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1.4 Techniques to consider in the determination of BAT

In this chapter techniques are discussed that may have a positive effect on (i.e. reduce)
emissions arising during the manufacture of cement. A short description, applicability, general
emission levels (or reduction potential) and cost information are given when
available/appropriate. In addition to these emission-reduction techniques, the consumption of
raw materials and the use of energy are discussed in this chapter.

A technique to reduce energy use and emissions from the cement industry, expressed per unit
mass of cement product, is to reduce the clinker content of cement products. This can be done
by adding fillers, for example sand, slag, limestone, fly-ash and pozzolana, in the grinding step.
In Europe the average clinker content in cement is 80-85%. Many manufacturers of cement are
working on techniques to furter lower the clinker content. One reported technique claims to
exchange 50% of the clinker with maintained product quality/performance and without
increased production cost. Cement standards define some types of cement with less than 20%
clinker, the balance being made of blast furnace slag.

1.4.1 Consumption of raw materials

Recycling of collected dust to the production processes lowers the total consumption of raw
materials. This recycling may take place directly into the kiln or kiln feed (alkali metal content
being the limiting factor) or by blending with finished cement products.

The use of suitable wastes as raw materials can reduce the input of natural resources, but
should always be done with satisfactory control on the substances introduced to the kiln
process.

1.4.2 Use of energy

Kiln systems with 5 cyclone preheater stages and precalciner are considered standard
technology for ordinary new plants, such a configuration will use 2900-3200 MJ/tonne clinker
[Cembureau report, 1997]. To optimise the input of energy in other kiln systems it is a
possibility to change the configuration of the kiln to a short dry process kiln with multi stage
preheating and precalcination. This is usually not feasible unless done as part of a major
upgrade with an increase in production. The application of the latest generation of clinker
coolers and recovering waste heat as far as possible, utilising it for drying and preheating
processes, are examples of methods which cut primary energy consumption.

Electrical energy use can be minimised through the installation of power management systems
and the utilisation of energy efficient equipment such as high-pressure grinding rolls for clinker
comminution and variable speed drives for fans.

Energy use will be increased by most type of end-of-pipe abatement. Some of the reduction
techniques described below will also have a positive effect on energy use, for example process
control optimisation.

1.4.3 Process selection

The selected process will affect the releases of all pollutants, and will also have a significant
effect on the energy use. For new plants and major upgrades a dry process kiln with multi-stage
preheating and precalcination is considered to be state of the art. The wet process kilns
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operating in Europe are generally expected to convert to the dry process when renewed [Dutch
report, 1997], and so are semi-dry and semi-wet processes.

1.4.4 General techniques

1.4.4.1 Process control optimisation

Optimisation of the clinker burning process is usually done to reduce the heat consumption, to
improve the clinker quality and to increase the lifetime of the equipment (the refractory lining,
for example) by stabilising process parameters. Reduction of emissions, such as NOx, SO2 and
dust, are secondary effects of this optimisation. Smooth and stable kiln operation close to
design values for process parameters is beneficial for all kiln emissions. Optimisation includes
measures like homogenising the raw material, ensuring uniform coal dosing and improving the
cooler’s operation. To ensure that the feed rate of solid fuel is steady with minimal peaks, it is
essential with good designs of hopper, transport conveyor and feeder, such as a modern,
gravimetric solid fuel feed system.

NOx reduction is caused by the reduced flame and burning temperatures and the reduced
consumption of fuel, as well as zones with a reducing atmosphere in the kiln system. Control of
oxygen content (excess air) is critical to NOx control. Generally the lower the oxygen content
(excess air) at for instance a cement kiln back end, the less NOx is produced. However this has
to be balanced against increases in CO and SO2 at lower oxygen levels. [UK IPC Note, 1996]
NOx reductions of up to 30% have been reported [Cembureau report, 1997].

The SO2 reduction is caused by the reduced SO2 volatility at lower flame and burning
temperatures and the oxidising atmosphere in the kiln, together with stable kiln operation. The
effect of kiln optimisation on SO2 emission is considerable for long wet and dry kilns and
marginal for preheater kilns. SO2 reductions of up to 50% have been reported. [Cembureau
report, 1997]

Avoidance of kiln upsets and of CO-trips when EPs are applied, reduces dust emissions, and in
doing so also reduces emissions of any substances adsorbed to the dust, for example metals.
Modern control systems with faster measuring and control equipment can allow higher switch-
off criteria than the typically applied 0.5% v/v CO, and thereby reduce the number of CO-trips.

Kiln optimisation is applicable to all kilns and can include many elements ranging from
instruction/training of the kiln operators up to installation of new equipment such as dosing
systems, homogenisation silos, preblending beds and new clinker coolers. The cost of these
measures varies widely, from 0 to about 5 million euros. [Cembureau report, 1997]

Several cement equipment suppliers have developed expert automatic control systems based
usually on the control of the burn by monitoring NOx levels [UK IPC Note, 1996]. The
investment required for a computer-based high level control system is about 300000 euros,
additional investment may be necessary to install the required measuring and dosing systems at
the plant. [Cembureau report, 1997]

Kiln optimisation is primarily done to reduce operating costs, increase capacity and improve
product quality. The operating cost of an optimised kiln is usually reduced compared to the
non-optimised state. The savings result from reduced fuel and refractory consumption, lower
maintenance cost and higher productivity among other factors. [Cembureau report, 1997]
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1.4.4.2 Choice of fuel and raw material

Careful selection and control of substances entering the kiln can reduce emissions. For
example, limiting the sulphur content of both raw materials and fuels can reduce releases of
SO2. The same is valid for raw materials and fuels containing other substances, for example
nitrogen, metals and organic compounds. There are, however, some differencies between
different kiln systems and feeding points. For example, fuel sulphur is not a problem for dry
preheater and precalciner kiln systems, and all organic compounds in fuels fed through the main
burner will be completely destroyed.

Limiting the chlorine content of input materials reduces formation of alkaline chlorides (and
other metal chlorides), which can cause build-ups and upset kiln conditions and therefore can
impair the performance of electrostatic precipitators, which in turn causes increased dust
emissions. High alkali materials may also require some of the dust to be bled off, rather than be
recycled within the kiln system, to avoid high alkali contents in the final product. In this case,
use of low alkali materials can allow the dust to be returned to the process, thus reducing the
waste generated by the process.

1.4.5 Techniques for controlling NOx emissions

Table 1.10 gives an overview of techniques that have a positive effect on, i.e. reduce, the
emissions of NOx arising during the manufacture of cement. The table is a summary and should
be read in conjunction with the corresponding paragraph below.

Kiln systems Reduction Reported emissions Reported costs 3Technique
applicability efficiency mg/m3 1 kg/tonne 2 investment operating

Flame cooling All 0-50 % 0.0 -0.2 0.0-0.5
Low-NOx burner All 0-30 % 400- 0.8- 0.15-0.8 0

Precalciner 0.1-2 0Staged combustion Preheater 10-50 % <500-1000 <1.0-2.0 1-4 0
Mid-kiln firing Long 20-40 % No info. - 0.8-1.7 No info.
Mineralised clinker All 10-15 % No info. - No info. No info.

SNCR Preheater and
Precalciner 10-85 % 200-800 0.4-1.6 0.5-1.5 0.3-0.5

SCR – data from
pilot plants only Possibly all 85-95 % 100-200 0.2-0.4 ca. 2.5 4

3.5-4.5 5
0.2-0.4 4

No info. 5

1) normally referring to daily averages, dry gas, 273 K, 101.3 kPa and 10% O2
2) kg/tonne clinker: based on 2000 m3/tonne of clinker
3) investment cost in 106 euros and operating cost in euros/tonne of clinker, normally referring to a kiln

 capacity of 3000 tonne clinker/day and initial emission up to 2000 mg NOx/m3

4) costs estimated by Ökopol for a full scale installation (kiln capacities from 1000 to 5000 tonne
 clinker/day and initial emissions from 1300 to 2000 mg NOx/m3), operating costs ca. 25% lower than
 for SNCR

5) costs estimated by Cembureau for a full scale installation

Table 1.10: Overview of techniques for controlling NOx

1.4.5.1 Primary measures to control NOx emissions

Many cement plants have taken general primary optimisation measures, such as process control
measures, improved firing technique, optimised cooler connections and fuel selection, and these
also reduce NOx emissions.
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Some modern well-optimised preheater kiln systems and preheater/precalciner kiln systems are
achieving less than 500 mg NOx/m3 with either primary measures only or combined with staged
combustion. Raw materials quality (the burnability of the raw mix) and kiln system design may
be reasons for not being able to achieve this level.

Flame cooling

Addition of water to the fuel or directly to the flame reduces the temperature and increases the
concentration of hydroxyl radicals. This can have a positive effect on NOx reduction in the
burning zone, reduction efficiency from 0-50% has been reported. Additional heat is required to
evaporate the water, which causes slight additional CO2 emissions (approximately 0.1-1.5%)
compared to the total CO2 emission of the kiln. [Cembureau report, 1997] Water injection can
cause kiln operation problems.

For a kiln capacity of 3000 tonne clinker/day the investment cost is estimated at 0.0-0.2 million
euros and the operating cost at 0.0-0.5 euros/tonne clinker [Cembureau].

Low-NOx burner

Designs of low-NOx burners vary in detail but essentially the coal (fuel) and air are injected
into the kiln through concentric tubes. The primary air proportion is reduced to some 6-10% of
that required for stoichiometric combustion (typically 20-25% in traditional burners). Axial air
is injected at high momentum in the outer channel. The coal may be blown through the centre
pipe or the middle channel. A third channel is used for swirl air, its swirl being induced by
vanes at, or behind, the outlet of the firing pipe

The net effect of this burner design is to produce very early ignition, especially of the volatile
compounds in the fuel, in an oxygen-deficient atmosphere, and this will tend to reduce the
formation of NOx. NOx reductions of up to 30% are achievable in successful installations
[Int.Cem.Rev., Oct/97] but the application of low-NOx burners is not always followed by a
reduction of the NOx emissions. Low-NOx burners can be applied to all rotary kilns, in the main
kiln as well as in the precalciner, and emission levels of 600-1000 mg/Nm3 have been reported
[Dutch report, 1997]. The investment cost for a new low-NOx burner is about 150000 to 350000
euros for a kiln capacity of 3000 tonne clinker/day. [Cembureau report, 1997][Dutch report,
1997] If the existing firing system uses direct firing it must be changed to an indirect firing
system to allow combustion with low primary air flow, this will mean an investment cost of
about 600000 to 800000 euros for a kiln capacity of 3000 tonne clinker/day. [Cembureau
report, 1997]

1.4.5.2 Staged combustion

Staged combustion is applied at cement kilns supplied with several combustion stages. This
technique is mostly carried out with specially designed precalciners. The first combustion stage
takes place in the rotary kiln under optimum conditions for the clinker burning process. The
second combustion stage is a burner at the kiln inlet, which produces a reducing atmosphere
that decomposes a portion of the nitrogen oxides generated in the sintering zone. The high
temperature in this zone is particularly favourable for the reaction which reconverts the NOx to
elementary nitrogen. In the third combustion stage the calcining fuel is fed into the calciner
with an amount of tertiary air, producing a reducing atmosphere there, too. This system reduces
the generation of NOx from the fuel, and also decreases the NOx coming out of the kiln. In the
fourth and final combustion stage the remaining tertiary air is fed into the system as ‘top air’ for
residual combustion. [Dutch report, 1997]
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Calciners currently in use differ from one another essentially in the location of the fuel input,
the way in which the fuel, kiln feed and tertiary air are distributed, and the geometric
configuration. [Dutch report, 1997]

Staged firing technology can in general only be used with kilns equipped with a precalciner.
Substantial plant modifications are necessary in cyclone preheater systems without
precalciners. If this cannot be combined with an increase in production capacity the
manufacturers offer a solution with so-called ‘small’ tertiary air ducting and calciner. In this
case only a small proportion of about 10-25% of the total heat needed from the kiln is passed
through the calciner, but this is sufficient to produce a reducing zone for decomposing nitrogen
oxides. [ZKG, 10/1996]

Some modern well optimised plants achieve emission levels below 500 mg NOx/Nm3 with
multi-staged combustion. Emissions of CO and SO2 can increase if the combustion process is
not completed in the precalciner [Cembureau report, 1997] and problems with CO and clogging
have been reported when attempting high efficiencies [Cembureau]. Possible reductions in NOx
by up to 50% are specified by the suppliers of the different staged firing systems. However, it is
difficult to maintain the guaranteed values for this level of NOx abatement while at the same
time limiting the CO emissions. [ZKG, 10/1996]

The investment cost for installing staged combustion at a precalciner kiln is 0.1-2 million euros,
the cost depending on the design of the existing calciner [Cembureau]. The investment cost for
a precalciner and the tertiary duct for a 3000 tonne/day preheater kiln with a grate cooler into a
precalciner kiln is about 1 to 4 million euros. The investment cost for the transformation of a
3000 tonne/day preheater kiln with a satellite cooler into a precalciner kiln with a grate cooler
is about 15 to 20 million euros. [Cembureau report, 1997]

Lump fuel (for example tyres) firing is a possible variant of the staged combustion technique as
a reducing zone is created when the lump fuel is burned. In preheater/precalciner kilns the lump
fuel can be introduced at the kiln inlet or at the precalciner. Lump fuel firing is reported to have
a positive effect on NOx reduction. However, it is very difficult to produce a controlled
reducing atmosphere with lump fuel firing. [Cembureau report, 1997]

1.4.5.3 Mid-kiln firing

In long wet and long dry kilns the creation of a reducing zone by firing lump fuel can reduce
NOx emissions. As long kilns usually have no access to a temperature zone of about 900 to
1000 oC, mid-kiln firing systems have been installed at some plants in order to be able to use
waste fuels that cannot pass the main burner (for example tyres). [Cembureau report, 1997]

Mechanical design considerations mean that the fuel can only be injected intermittently, once
per kiln revolution. To maintain continuity of heat input, solid, slow burning fuels such as tyres
or other waste fuels in containers may be used. A few of such installations exist and NOx
reductions of 20-40% have been reported in some cases. The rate of burning of such secondary
fuels can be critical. If it is too slow, reducing conditions can occur in the burning zone, which
may severely affect product quality. If it is too high, the kiln chain section can be overheated –
resulting in the chains being burnt out. [Int.Cem.Rev., Oct/97]

Capital costs may be in the region of 0.8-1.7 million euros for the kiln conversion and fuel
handling equipment, and the annual labour and maintenance costs may be of a similar order
[Int.Cem.Rev., Oct/97].
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1.4.5.4 Mineralised clinker

The addition of mineralisers to the raw material is a technology to adjust the clinker quality and
allow the sintering zone temperature to be reduced. By lowering the burning temperature, NOx-
formation is reduced. The NOx reduction might be between 10 and 15%, but reductions of up to
50% has been reported [Cementa AB, 1994].

Calcium fluoride is one example of a mineraliser, but excessive additions could lead to an
increase in HF releases.

1.4.5.5 Selective non-catalytic reduction (SNCR)

Selective non-catalytic reduction (SNCR) involves injecting NH2-X compounds into the
exhaust gas to reduce NO to N2. The reaction has an optimum in a temperature window of
about 800 to 1000 oC, and sufficient retention time must be provided for the injected agents to
react with NO. The right temperature window is easy to obtain in suspension preheater kilns,
precalciner kilns and possibly in some Lepol kilns. At the moment no full scale installation of
SNCR in Lepol kilns exists, but very promising results from pilot investigations in Germany are
known [Göller]. In long wet and dry process kilns it might be very difficult, or impossible, to
obtain the right temperature and retention time needed. The most common NH2-X agent is
ammonia water of about 25% NH3. [Cembureau report, 1997] Other possible reduction agents
which can be employed on an industrial scale are ammonia gas, urea solutions, nitrolime or
cyanamide and similar other substances [Int.Cem.Rev., Jan/96]. Experience shows that for most
applications ammonia water is the best agent for SNCR at preheater and precalciner kiln
systems [Cembureau report, 1997].

Further development in the use of SNCR technology is necessary if the plant is already
equipped with a staged combustion system. Simultaneous use of these technologies requires the
temperatures, residence times and gas atmosphere in the reaction section to be adjusted to suit
one another. [ZKG, 10/1996]

There are 18 full-scale SNCR installations in operation in the EU and EFTA countries, as
presented in Annex B.

Most SNCR installations operating today are designed and/or operated for NOx reduction rates
of 10-50% (with NH3/NO2 molar ratios of 0.5-0.9) and emission levels of 500-800 mg NOx/m3,
which is sufficient to comply with current legislation in some countries. Installations designed
and/or operated for higher reduction rates will do better. Two plants, see below for more
details, with SNCR installations delivered by two different suppliers, which both guaranteed
80% reduction, are achieving reduction rates of 80-85% which corresponds to emissions of less
than 200 mg NOx/m3. With SNCR installations operating at reduction rates of 80-85% daily
average concentrations of less than 500 mg/m3 are theoretically achievable, also when initial
levels are above 2000 mg/m3.

It is important to maintain the temperature range mentioned above, if the temperature falls
below this level unconverted ammonia is emitted (so-called NH3 slip) and at significant higher
temperatures the ammonia is oxidised to NOx. NH3 slip may also occur at elevated NH3/NO2
molar ratios, i.e. from a molar ratio of about 1.0-1.2. NH3 slippage has in other sectors of
industry sometimes resulted in the formation of aerosols of ammonia chlorides and ammonia
sulphates which has passed through the filter and become visible as a white plume above the
exhaust gas stack. Investigations have shown that considerably lower aerosol levels are
produced by cement plants. [World Cement, March 1992] Unused ammonia may be oxidised
and transformed into NOx in the atmosphere and NH3 slippage may also result in ammonia
enriched dust which may not be recycled to the cement mill [Cembureau]. The possible NH3
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slip should be taken into account in the design of SNCR installations. Emissions of carbon
monoxide (CO) and nitrous oxide (N2O) may also occur [World Cement, March 1992].
Additional heat is required to evaporate the water, which causes a small increase in CO2
emissions. The transport and storage of ammonia is a potential danger for the environment and
requires additional safety measures. [Cembureau report, 1997] By storing a 25% ammonia
water solution, some of the problems with ammonia are avoided.

The NOx reduction efficiency increases with the NH3/NO2 molar ratio. However, the NOx
reduction rate cannot simply be increased at will, as higher dosage might cause NH3 slippage.
At one plant, a four-stage cyclone preheater kiln system with a maximum clinker throughput of
2000 tonnes/day, a molar ratio of around 1.0 produced a NOx reduction rate of up to 80%,
without any escape of NH3. Correct operation (appropriate control system, optimised injection
of NH3-water) of the SNCR system does not entail any higher ammonia emissions than normal.
[Int.Cem.Rev., Jan/96]

Two Swedish plants, dry process cyclone preheater/precalciner kilns, installed SNCR in
1996/97. A reduction of 80-85% has been achieved at both kilns when applying a NH3/NO
molar ratio of 1.0-1.1 and so far a small increase of NH3 is estimated, no N2O and no increase
in CO emissions have been measured and no traces of any NH3 have been found in the cement.
One of the kilns is 20 years old with a capacity of 5800 tonnes clinker/day and initial NOx
levels about 1100 mg/Nm3 (as NO2, dry gas), the investment cost was about 1.1 million euros
(0.55 million euros for the SNCR installation and another 0.55 million euros for the ammonia
water storage) and the operating cost is about 0.55 euros/tonne of clinker. The total cost
(investment + operating costs) is less than 0.6 euros/tonne of clinker. The other kiln has a
capacity of 1900 tonnes clinker/day and initial NOx levels of 750-1350 mg/Nm3 (as NO2), the
investment cost was about 0.55 million euros and the operating cost is about 0.3 euros/tonne of
clinker. [Cementa AB][ Junker]

The driving force for these plants to invest in high-performing SNCR installations was the
Swedish policy about NOx emission. According to this policy any investment in abatement that
has a total cost (investment + operating) less than 4.5 euros (40 SEK) per kilo of abated NOx
(as NO2) may be acceptable.

For a 3000 tonnes/day preheater kiln with initial NOx emission of up to 2000 mg/m3 and with
NOx reduction up to 65% (i.e. 700 mg NOx/m3) the investment cost for SNCR using ammonia
water as the reducing agent is 0.5-1.5 million euros, the cost being very influenced by local
regulations on the storage of ammonia water. The operating cost for the same kiln is 0.3-0.5
euros/tonne of clinker, the cost mainly determined by the cost of the injected ammonia.
[Cembureau report, 1997]

1.4.5.6 Selective catalytic reduction (SCR)

SCR reduces NO and NO2 to N2 with the help of NH3 and a catalyst at a temperature range of
about 300-400 oC. This technology is widely used for NOx abatement in other industries (coal-
fired power stations, waste incinerators). In the cement industry, basically two systems are
being considered: low dust exhaust gas and high dust exhaust gas treatment. Low dust exhaust
gas systems require reheating of the exhaust gases after dedusting, resulting in additional cost.
High dust systems are considered preferable for technical and economical reasons. [Cembureau
report, 1997][Dutch report, 1997] Up to now SCR is only tested on preheater and semi-dry
(Lepol) kiln systems, but it might be applicable to other kiln systems as well.

Large NOx emission reductions are potentially achievable by SCR high dust systems (85-95%)
[Cembureau report, 1997]. Pilot plant trials on small portions (3%) of the exhaust gas in
Austria, Germany, Italy and Sweden have shown promising results. The NOx emission levels
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were approximately 100-200 mg/m3 with no loss of catalyst activity, except for one recent trial
in Austria that has reported considerable abrasion of the catalyst after a working period of
about 5000 hours which shortened the lifetime of this type of catalyst to less than one year
[Göller]. Full-scale production runs will have to be carried out in order to remove the technical
and economic uncertainties related to upscaling of the SCR technique. The main uncertainties
are related to the high dust concentration in the gases (up to 500 g/Nm3), the catalyst dust
removal techniques, lifetime of catalysts and total investment costs. [Cembureau]

As the catalysts remove hydrocarbons as well, SCR will in general also reduce VOC and
PCDD/Fs. According to one supplier, new pilot projects for NOx reduction are being developed
in which specific catalysts are applied for the additional reduction of VOC and CO emissions.
[Dutch report, 1997]

Considering the high reduction potential, the successful pilot tests and the fact that SCR is
state-of-the-art technology for comparable installations; SCR is an interesting technique for the
cement industry. There are at least three suppliers in Europe that offers full scale SCR to the
cement industry with performance levels of 100-200 mg/m3. However, SCR capital expenditure
is still considered to be higher than for SNCR. [Dutch report, 1997]

Feasibility studies have been carried out in Austria, Germany, the Netherlands and Sweden, for
example. The estimated costs for the SCR technique in the cement industry varies a lot, with
the production costs and lifetime of the catalyst being mayor variables. A full-scale SCR
demonstration plant is being built in Germany with governmental financial support. This first
full-scale plant (Solnhofer Zementwerke) will be in operation in the end of 1999. A full-scale
SCR plant is also under consideration in Austria, this too with governmental financial support
[Göller].

In a report from Austrian UBA the total cost for achieving 100-200 mg/Nm3, referred to 10%
O2, is estimated at less than 2.3 euros/tonne clinker for an 850 tonne clinker/day kiln [Austrian
report, 1998].

A Dutch study shows that an SCR installation at the Dutch cement plant would have a cost of
about 2500 euros per tonne of abated NOx. The Netherlands has a NOx policy which considers
costs up to 5000 euros per tonne of abated NOx as reasonable. Accordingly, The Netherlands
regards SCR to be a cost effective NOx abatment technique for its cement industry. [de Jonge]

Cementa AB in Slite, Sweden, has a 5800 tonne clinker/day dry process suspension
preheater/precalciner kiln. They have been operating a pilot high dust SCR, downstream of an
SNCR, for about a year and have investigated how much a full scale SCR installed downstream
the SNCR would cost (this means initial NOx levels into the SCR of less than 200 mg/m3). The
estimated investment cost is about 11.2 million euros and the operating cost about 1.3
euros/tonne of clinker, giving a total cost of 3.2 euros/tonne of clinker. The cost per additional
kilo of abated NOx would be 5.5-7.3 euros for the SCR. This cost is too high and not reasonable
according to the company. But the Swedish EPA argues that the average cost per kilo of abated
NOx would be less than 4.5 euros for the combined SNCR and SCR installations. This may be
an acceptible cost according to the Swedish policy about NOx emission. [Junker]

In a report compiled for DG XI, Ökopol estimates the total cost for achieving 200 mg/Nm3 at
between 0.75 euros/tonne clinker (5000 tonne clinker/day kiln, initial NOx emission level of
1300 mg/Nm3) and 1.87 euros/tonne clinker (1000 tonne clinker/day kiln, initial NOx emission
level of 2000 mg/Nm3). The calculations are based on an investment cost of ca. 2.5 million
euros and operating costs ca. 25% lower than for SNCR, which were provided by suppliers and
pilot plant operators. In the calculations, an exchange of catalyst after 5 years were taken into
account. [Ökopol report, 1998]
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Cembureau estimates the investment cost for a 3000 tonne clinker/day preheater kiln at 3.5-4.5
million euros, remarking that investment costs indication are only known from supplier not
including the plant modifications [Cembureau report, 1997].

According to one supplier the total cost (investment + operating costs) for the high dust SCR
process is approximately 1.5-2.5 euros/tonne of clinker. For the low dust SCR process the total
cost was estimated at approximately 5 euros/tonne of clinker. [Dutch report, 1997]

1.4.6 Techniques for controlling SO2 emissions

The first step with respect to SO2 control is to consider primary process optimisation measures,
including the smoothing of kiln operation, choice of oxygen concentration and choice of raw
materials and fuels. Increasing the oxygen content in long kilns is decreasing the SO2 level and
increasing the NOx level. A balance to protect the environment should be sought by optimising
NOx/SO2/CO by adjusting the backend oxygen content. In those cases where these measures are
not enough additional end-of-pipe measures can be taken. Table 1.11 gives an overview of
techniques that have a positive effect on, that is reduce, the emissions of SO2 arising from the
manufacture of cement. The table is a summary and should be read in conjunction with the
corresponding paragraph below.

Reported emissions Cost 3Technique Kiln systems
applicability

Reduction
efficiency mg/m3 1 kg/tonne 2 investment operating

Absorbent addition All 60-80% 400 0.8 0.2-0.3 0.1-0.4
Dry scrubber Dry up to 90% <400 <0.8 11 1.4-1.6
Wet scrubber All >90% <200 <0.4 6-10 0.5-1
Activated carbon Dry up to 95% <50 <0.1 15 4 no info.

1) normally referring to daily averages, dry gas, 273 K, 101.3 kPa and 10% O2
2) kg/tonne clinker: based on 2000 m3/tonne clinker
3) investment cost in 106 euros and operating cost in euros/tonne clinker
4) this cost also includes an SNCR process, referring to a kiln capacity of 2000 tonne clinker/day and

 initial emission of 50-600 mg SO2/m3

Table 1.11: Overview of techniques for controlling SO2

1.4.6.1 Absorbent addition

The addition of absorbents such as slaked lime (Ca(OH)2), quicklime (CaO) or activated fly ash
with high CaO content to the exhaust gas of the kiln can absorb some of the SO2. Absorbent
injection can be applied in dry or wet form. [Dutch report, 1997] For preheater kilns it has been
found that direct injection of slaked lime into the exhaust gas is less efficient than adding
slaked lime to the kiln feed. The SO2 will react with the lime to CaSO3 and CaSO4, which then
enters the kiln together with the raw material and is incorporated into the clinker. [Dutch report,
1997][Cembureau report, 1997]  This technique is suitable for cleaning gas streams with
moderate SO2 concentrations and can be applied at an air temperature of over 400 oC. The
highest reduction rates can be achieved at temperatures exceeding 600 oC. It is recommended to
use a Ca(OH)2 based absorbent with a high specific surface area and high porosity. [Dutch
report, 1997] Slaked lime does not have a high reactivity, therefore Ca(OH)2/SO2 molar ratios
of between 3 and 6 have to be applied. [Cembureau report, 1997]  Gas streams with high SO2
concentrations require 6-7 times the stoichiometric amount of absorbent, implying high
operation costs. [Dutch report, 1997]

SO2 reductions of 60 to 80% can be achieved by absorbent injection in suspension preheater
kiln systems. With initial levels not higher than 400 mg/m3 it is theoretically possible to achieve
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around 100 mg/m3. No plant has implemented this technique to achieve this level of reduction,
yet. Most plants in Europe have emission limit values that correspond to actual emissions, and
thus require no abatement. For initial levels up to 1200 mg/m3 it is possible to achieve around
400 mg/m3 with absorbent addition. At initial levels above 1200 mg/m3 adding slaked lime to
the kiln feed is not cost effective. [Dutch report, 1997] There might be a risk of higher sulphur
recirculation and kiln instability as higher levels of sulphur are returned to the kiln when this
technique is applied [Cembureau].

Absorbent addition is in principle applicable to all kiln systems [Dutch report, 1997], although
it is mostly used in suspension preheaters. There is at least one long wet cement kiln injecting
dry NaHCO3 to the exhaust gas before the EP to reduce peak emissions of SO2 [Marchal]. Lime
addition to the kiln feed reduces the quality of the granules/nodules and causes flow problems
in Lepol kilns.

Absorbent addition is currently in use at several plants to ensure that the current limits are not
exceeded in peak situations. This means that in general it is not in continuous operation, but
only when required by specific circumstances. [Dutch report, 1997] With an initial SO2
concentration of up to 3000 mg/Nm3, a reduction of up to 65% and a slaked lime cost of 85
euros/tonne, the investment cost for a 3000 tonne clinker/day preheater kiln is about 0.2-0.3
million euros and the operating costs about 0.1-0.4 euros/tonne of clinker. [Cembureau report,
1997]

1.4.6.2 Dry scrubber

To reduce very high SO2 emissions (more than 1500 mg/Nm3) a separate scrubber is required.
One type of dry scrubber uses a venturi reactor column to produce a fluidised bed consisting of
a blend of slaked lime and raw meal. The intensive contact between gas and absorbent, the long
residence time and the low temperature (close to the dew point) allow efficient absorption of
SO2. The gas leaving the venturi is loaded with absorbent which is collected in an electrostatic
precipitator. A portion of the collected absorbent is returned to the scrubber, and the other
portion is added to the kiln inlet and duly converted into clinker. [Cembureau report, 1997]

An SO2 reduction of 90% may be achieved, that corresponds to a clean gas content of 300 mg
SO2/m3 when the initial SO2 concentration is 3000 mg/m3. A dry scrubber will also reduce
emissions of HCl and HF. Dry scrubbers can be fitted to all dry kiln types. For an initial SO2
concentration of up to 3000 mg/Nm3 and a slaked lime cost of 85 euros/tonne, the investment
cost for a 3000 tonne clinker/day preheater kiln is about 11 million euros and the operating
costs approximately 1.6 euros/tonne of clinker. The additional sulphur content of the clinker
reduces the amount of additional gypsum required by the cement mill. When the contribution of
gypsum replacement is included in the cost evaluation the operating cost is reduced to about 1.4
euros/tonne of clinker. [Cembureau report, 1997]

There is only one sulphur dry scrubber in operation at a cement plant in Europe (and possibly
worldwide), at the HCB-Untervaz plant in Switzerland. This kiln system is a 4 stage suspension
preheater kiln with planetary cooler and has a maximum capacity of 2000 tonnes clinker/day.
The unabated emission levels would be around 2500 mg SO2/Nm3 (dry gas, 10% O2) in direct
operation and up to 2000 mg SO2/Nm3 in compound operation. The abated average emission
level 1998 was 385 mg SO2/Nm3. [Cembureau]
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1.4.6.3 Wet scrubber

The wet scrubber is the most commonly used technique for flue gas desulphurisation in coal
fired power plants. The SOx is absorbed by a liquid/slurry sprayed in a spray tower or is
bubbled through the liquid/slurry. The absorbent can be calcium carbonate, hydroxide or oxide.
There are five wet scrubbers currently in use in the European cement industry, all of them spray
towers. The slurry is sprayed in counter current to the exhaust gas and collected in a recycle
tank at the bottom of the scrubber where the formed sulphite is oxidised with air to sulphate and
forms calcium sulphate dihydrate. The dihydrate is separated and used as gypsum in cement
milling and the water is returned to the scrubber. [Cembureau][Cembureau report,
1997][Cementa AB, 1994][Coulburn]

The SO2 reduction achieved can be more than 90%. Cementa AB operates a 5800 tonne
clinker/day preheater kiln and has an initial SO2 concentration in the flue gas of 1200-1800
mg/m3, Castle cement operates a 2500 tonne clinker/day preheater kiln and has an initial SO2
concentration in the flue gas of about 800-1400 mg/m3 as daily averages with peak values of
more than 2000 mg/m3 at times. They are both below 200 mg/m3 with the scrubber in operation.
[Cembureau][Cementa AB][ Junker]

The wet scrubber also significantly reduce the HCl, residual dust, metal and NH3 emissions
[Cementa AB, 1994]. A wet scrubber can be fitted to all kiln types. The investment cost for
Castle Cement’s scrubber (including plant modifications) is reported at 7 million euros and the
operating cost is about 0.9 euro/tonne of clinker [Cembureau]. For Cementa AB the investment
cost was about 10 million euros and the operating cost is about 0.5 euros/tonne of clinker
[Cementa AB]. With an initial SO2 concentration of up to 3000 mg/Nm3 and a kiln capacity of
3000 tonne clinker/day the investment cost is 6-10 million euros and the operating costs 0.5-1
euros/tonne of clinker. [Cembureau]

1.4.6.4 Activated carbon

Pollutants such as SO2, organic compounds, metals, NH3, NH4 compounds, HCl, HF and
residual dust (after an EP or fabric filter) may be removed from the exhaust gases by adsorption
on activated carbon. If NH3 is present, or added, the filter will remove NOx as well. The
activated carbon filter is constructed as a packed-bed with modular partition walls. The modular
design allows the filter sizes to be adapted for different gas throughputs and kiln capacity. The
used activated coke is periodically extracted to a separate silo and replaced with fresh
adsorbent. By using the saturated coke as fuel in the kiln, the trapped substances are returned to
the system and to a large extent become fixed in the cement clinker. [Cembureau report, 1997],
[Cementa AB, 1994], [Dutch report, 1997]

The only activated carbon filter installed at a cement works in Europe is that at Siggenthal,
Switzerland. The Siggenthal kiln is a 4-stage cyclone preheater kiln with a capacity of 2000
tonne clinker/day. Measurements showed high removal efficiencies for SO2, metals and
PCDD/Fs. During a 100 days trial, the SO2 concentrations at the filter inlet varied between 50
and 600 mg/m3, whereas the outlet concentrations were always significantly below 50 mg/m3.
Dust concentrations dropped from 30 mg/m3 to significantly below 10 mg/m3. [Dutch report,
1997]

An activated carbon filter can be fitted to all dry kiln systems. The system at Siggenthal also
includes an SNCR process and the city of Zürich financed about 30% of the total investment
cost of approximately 15 million euros. The investment in this abatement system was made to
enable the cement work to use digested sewage sludge as fuel. [Dutch report, 1997], [Cementa
AB, 1994]
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1.4.7 Techniques for controlling dust emissions

There are three main point sources of dust emissions from cement plants. These are kiln
systems, clinker coolers and cement mills. Various dedusting devices have been used in the past
for these three duties but nowadays only electrostatic precipitators, EPs, or fabric filters are
installed. Fugitive dust releases from handling and storage of materials, and the crushing and
grinding of raw materials and fuels can also be significant. Table 1.12 gives an overview of
available data. The table is a summary and should be read in conjunction with the
corresponding paragraph below.

EPs and fabric filters both have their advantages and disadvantages. Both types have a very
high dedusting efficiency during normal operation. During special conditions such as high CO
concentration, kiln start up, kiln shut down or switching from compound operation (raw mill
on) to direct operation (raw mill off) the efficiency of EPs can be significantly reduced while
the efficiency of fabric filters is not affected. Fabric filters therefore have a higher overall
efficiency if they are well maintained and filter bags are replaced periodically. A disadvantage
of fabric filters is that used filter bags are waste and have to be disposed of according to
national regulations. [Cembureau report, 1997]

Reported emissions Cost 3Technique Applicability
mg/m3 1 kg/tonne 2 investment operating

Electrostatic precipitators
All kiln systems
clinker coolers
cement mills

5-50
5-50
5-50

0.01-0.1
0.01-0.1
0.01-0.1

2.1-4.6
0.8-1.2
0.8-1.2

0.1-0.2
0.09-0.18
0.09-0.18

Fabric filters
All kiln systems
clinker coolers
cement mills

5-50
5-50
5-50

0.01-0.1
0.01-0.1
0.01-0.1

2.1-4.3
1.0-1.4
0.3-0.5

0.15-0.35
0.1-0.15

0.03-0.04
Fugitive dust abatement All plants - - - -

1) for kiln systems normally referring to daily averages, dry gas, 273 K, 101.3 kPa and 10% O2
2) kg/tonne clinker: based on 2000 m3/tonne clinker
3) investment cost in 106 euros and operating cost in euros per tonne of clinker for reducing the emission

 to 10-50 mg/m3, normally referring to a kiln capacity of 3000 tonne clinker per day and initial emission
 up to 500 g dust/m3

Table 1.12: Overview of techniques for controlling dust

1.4.7.1 Electrostatic precipitators

Electrostatic precipitators generate an electrostatic field across the path of particulate matter in
the air stream. The particles become negatively charged and migrate towards positively charged
collection plates. The collection plates are rapped or vibrated periodically, dislodging the
material so that it falls into collection hoppers below. It is important that EP rapping cycles are
optimised to minimise particulate reentrainment and thereby minimise the potential to affect
plume visibility. EPs are characterised by their ability to operate under conditions of high
temperatures (up to approximately 400 oC) and high humidity.

Factors affecting efficiency are flue gas flow rate, strength of the electric field, particulate
loading rate, SO2 concentration, moisture content and shape and area of the electrodes. In
particular, performance can be impaired by build-up of material forming an insulating layer on
the collection plates and so reducing the electric field. [Dutch report, 1997]  This can happen if
there are high chlorine and sulphur inputs to the kiln process, forming alkali metal chlorides
and sulphates. The alkali metal chlorides forms very fine dust (0.1-1 µm) and have high specific
dust resistivity (between 1012-1013 Ω cm) forming insulating layers on the electrodes and so
leading to problems in dust removal. This has been observed and studied particularly in the iron
and steel industry. Problems of high dust resistances can be solved by water injection in
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evaporation coolers. [Karlsruhe II, 1996]  Another way of solving the problem is to use fabric
filters.

In sinter plants (iron and steel industry) this fine dust of alkali metal chlorides is the reason why
well designed and operated common EPs normally can not achieve emitted dust concentrations
below 100-150 mg/m3. The same problem with alkali metal chlorides and a malfunctioning EP
have been encountered at a cement plant in Austria, when burning pre-treated plastic waste
(1.3% Cl) as part of the fuel.

Sufficiently dimensioned electrostatic filters, together with good air conditioning and optimised
EP cleaning regime, can reduce levels down to 5-15 mg/m3 as monthly average (dry gas, 273 K,
10% O2) [Austrian report, 1997]. Existing EP installations can often be upgraded without the
need for total replacement thereby limiting costs. This may be done by fitting more modern
electrodes or installing automatic voltage control on older installations. In addition it may be
possible to improve the gas passage through the EP or add supplementary stages. At one cement
works EPs bought in 1979 to achieve levels of 50 mg/m3 were upgraded and now achieve levels
of below 30 mg/m3 [Cementa AB]. Besides dust, the EP also removes substances that adsorb to
the dust particles, such as dioxins and metals if present.

For the overall performance of electrostatic precipitators, it is important to avoid CO-trips. See
section 1.4.4.1 Process control optimisation.

The available literature indicates no restrictions on the applicability of EPs to the various types
of processes used in the cement industry. [Dutch report, 1997]  EPs are, however, not installed
any more for cement mill dedusting because of the relatively high emissions at startups and shut
downs.

The investment cost for a new EP for a kiln with a capacity of 3000 tonne clinker/day, initial
emission level of up to 500 g/m3 and clean gas dust content of 10-50 mg/m3 is about 1.5-3.8
million euros, and an extra 0.6-0.8 million euros for the conditioning tower and filter fan if
required. The operating cost for the same kiln EP is about 0.1-0.2 euros/tonne of clinker. For
clinker cooler for a kiln capacity of 3000 tonne clinker/day, initial emission level of up to 20
g/m3 and clean gas dust content of 10-50 mg/m3 and cement ball mill with a capacity of 160
tonne cement/hour, initial emission level of up to 300 g/m3 and clean gas dust content of 10-50
mg/m3 the investment cost for an EP is about 0.8-1.2 million euros and the operating cost 0.09-
0.18 euros/tonne of clinker. [Cembureau report, 1997]

1.4.7.2 Fabric filters

The basic principle of fabric filtration is to use a fabric membrane which is permeable to gas
but which will retain the dust. Initially, dust is deposited both on the surface fibres and within
the depth of the fabric, but as the surface layer builds up the dust itself becomes the dominating
filter medium. Gas for treatment can flow either from the inside of the bag outwards or vice
versa. As the dust cake thickens, the resistance to gas flow increases. Periodic cleaning of the
filter medium is therefore necessary to control the gas pressure drop across the filter. The most
common cleaning methods include reverse air flow, mechanical shaking, vibration and
compressed air pulsing. The fabric filter should have multiple compartments which can be
individually isolated in case of bag failure and it should be sufficient of these to allow adequate
performance to be maintained if a compartment is taken off line. There should be ‘burst bag
detectors’ on each compartment to indicate the need for maintenance when this happens.

The use of modern fabric filters can reduce dust emissions to below 5 mg/m3 (dry gas, 273 K,
10% O2) [Austrian report, 1997]. Besides dust, the fabric filter also removes substances that
adsorb to the dust particles, such as dioxins and metals if present.
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The available literature indicates no restrictions on the applicability of fabric filters to the
various types of processes used in the cement industry. [Dutch report, 1997]  High temperature
applications will result in the need for more exotic fabric types than are ‘normally’ supplied.
However a good range of these is available.

The investment required to fit a new fabric filter to a kiln with a capacity of 3000 tonne
clinker/day, initial emission level of up to 500 g/m3 and clean gas dust content of 10-50 mg/m3

is about 1.5-3.5 million euros, and an extra 0.6-0.8 million euros are required for the
conditioning tower and filter fan if required. Conditioning towers are only needed for low
temperature applications with for example polyacrylnitril bags. The operating cost for the same
kiln fabric filter is about 0.15-0.35 euros/tonne of clinker. A pulse jet fabric filter with air to air
heat exchanger and filter fan for a grate clinker cooler for a kiln capacity of 3000 tonne
clinker/day, initial emission level of up to 20 g/m3 and clean gas dust content of 10-50 mg/m3

cost about 1.0-1.4 million euros and the operating cost is about 0.10-0.15 euros/tonne of
clinker. For a cement ball mill with a capacity of 160 tonne cement/hour, initial emission level
of up to 300 g/m3 and clean gas dust content of 10-50 mg/m3the investment cost for a pulse jet
fabric filter is about 0.3-0.5 million euros including filter fan, and the operating cost 0.03-0.04
euros/tonne of clinker. [Cembureau report, 1997]

1.4.7.3 Fugitive dust abatement

Fugitive emission sources mainly arise from storage and handling of raw materials, fuels and
clinker and from vehicle traffic at the manufacturing site. A simple and linear site layout is
advisable to minimise possible sources of fugitive dust. Proper and complete maintenance of
the installation always has the indirect result of reducing fugitive dust by reducing air leakage
and spillage points. The use of automatic devices and control systems also helps fugitive dust
reduction, as well as continuous trouble-free operation. [Cembureau report, 1997]

Some techniques for fugitive dust abatement are:
•  Open pile wind protection. Outdoor storage piles of dusty materials should be avoided, but

when they do exist it is possible to reduce fugitive dust by using properly designed wind
barriers.

•  Water spray and chemical dust suppressors. When the point source of dust is well localised
a water spray injection system can be installed. The humidification of dust particles aids
agglomeration and so help dust settle. A wide variety of chemical agents is also available to
improve the overall efficiency of the water spray.

•  Paving, road wetting and housekeeping. Areas used by lorries should be paved when
possible and the surface should be kept as clean as possible. Wetting the roads can reduce
dust emissions, especially during dry weather. Good housekeeping practices should be used
in order to keep fugitive dust emissions to a minimum.

•  Mobile and stationary vacuum cleaning. During maintenance operations or in case of
trouble with conveying systems, spillage of materials can take place. To prevent the
formation of fugitive dust during removal operations, vacuum systems should be used. New
buildings can easily be equipped with stationary vacuum cleaning systems, while existing
buildings normally are better fitted with mobile systems and flexible connections.

•  Ventilation and collection in fabric filters. As far as possible, all material handling should
be conducted in closed systems maintained under negative pressure. The suction air for this
purpose is then dedusted by a fabric filter before emitted into the atmosphere.

•  Closed storage with automatic handling system. Clinker silos and closed fully automated
raw material storage are considered the most efficient solution to the problem of fugitive
dust generated by high volume stocks. These types of storage are equipped with one or
more fabric filters to prevent fugitive dust formation in loading and unloading operations.
[Cembureau report, 1997]
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1.4.8 Controlling other emissions to air

1.4.8.1 Carbon oxides (CO2, CO)

All measures that reduce fuel energy use also reduce the CO2 emissions. The selection, when
possible, of raw materials with low organic matter content and fuels with low ratio of carbon
content to calorific value reduces CO2 emissions.

The selection, when possible, of raw materials with low content of organic matter also reduces
the emission of CO.

1.4.8.2 Volatile organic compounds and PCDD/PCDFs

Under normal circumstances emissions of VOCs and PCDD/PCDFs are generally low.
Materials with high content of volatile organic compounds should not, if a choice is possible,
be fed into the kiln system via the raw material feeding route and fuels with high content of
halogens should not be used in a secondary firing. To minimise the possibility of PCDD/F
reformation it is important that the kiln gases are cooled through the window of 450 to 200 oC
as quickly as possible.

If elevated concentrations of VOCs and/or PCDD/PCDFs occur, adsorption on activated carbon
can be considered.

1.4.8.3 Metals

It should be avoided to feed materials with high content of volatile metals into the kiln system.

Accumulation of metals, especially thallium, in the internal and external cycles of a cement kiln
system results in an increase in emissions with increasing kiln operating time. This can be
reduced by partly or completely interrupting these cycles. However, the close interconnection
between internal and external cycles means it is sufficient to interrupt only the external cycle.
This can be done by discarding the dust collected in the dust collector, instead of returning it to
the raw meal. When its chemical composition is suitable, this discarded cement kiln dust can be
added directly to the cement milling stage. [Karlsruhe II, 1996]  As the emitted metals (except
part of the mercury) are to a large extent bound to dust, abatement strategies for metals are
covered by abatement strategies for dust. One way to minimise mercury emissions is to lower
the exhaust temperature. Non-volatile elements remain within the process and exit the kiln as
part of the cement clinker composition. When high concentrations of volatile metals (especially
mercury) occur, absorption on activated carbon is an option.

1.4.9 Waste

Collected dust should be recycled to the production processes whenever practicable. This
recycling may take place directly into the kiln or kiln feed (alkali metal content being the
limiting factor) or by blending with finished cement products. Alternative uses may be found
for material that cannot be recycled.

1.4.10 Noise

Best available techniques for reduction of noise will not be described in this document.
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1.4.11 Odour

Unpleasant smells caused by hydrocarbon emissions can be avoided by after-burning, use of an
activated carbon filter or by feeding the raw material responsible to the hot zone of the kiln.

If odour is caused by sulphur compounds, a change of fuel and/or raw material can be a
solution, also see section 1.4.6.
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1.5 Best available techniques for the cement industry

In understanding this chapter and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this chapter have been assessed through an iterative process
involving the following steps:
•  identification of the key environmental issues for the sector; for the manufacture of cement

these are energy use and emissions to air. The emissions to air from cement plants include
nitrogen oxides (NOx), sulphur dioxide (SO2) and dust;

•  examination of the techniques most relevant to address those key issues;
•  identification of the best environmental performance levels, on the basis of the available

data in the European Union and world-wide;
•  examination of the conditions under which these performance levels were achieved; such as

costs, cross-media effects, main driving forces involved in implementation of this
techniques;

•  selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense all according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
installations within the sector. Where emission or consumption  levels “associated with best
available techniques” are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in a well maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
magnitude of costs involved. However, the actual cost of applying a technique will depend
strongly on the specific situation regarding, for example, taxes, fees, and the technical
characteristics of the installation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.
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It is intended that the general BAT in this chapter could be used to judge the current
performance of an existing installation or to judge a proposal for a new installation and thereby
assist in the determination of appropriate "BAT-based" conditions for that installation. It is
foreseen that new installations could be designed to perform at or even better than the general
“BAT” levels presented here. It is also considered that many existing installations could
reasonably be expected, over time, to move towards the general “BAT” levels or do better.

While the BREFs do not set legally binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emission and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC
Directive and the local considerations.

Emission levels given below are expressed on a daily average basis and standard conditions of
273 K, 101.3 kPa, 10% oxygen and dry gas.

Process selection

The selected process has a major impact on the energy use and air emissions from the
manufacture of cement clinker.

•  For new plants and major upgrades the best available technique for the production of
cement clinker is considered to be a dry process kiln with multi-stage preheating and
precalcination. The associated BAT heat balance value is 3000 MJ/tonne clinker.

General primary measures

The best available techniques for the manufacturing of cement includes the following general
primary measures:

•  A smooth and stable kiln process, operating close to the process parameter set points, is
beneficial for all kiln emissions as well as the energy use. This can be obtained by
applying:
- Process control optimisation, including computer-based automatic control systems.
- The use of modern, gravimetric solid fuel feed systems.

•  Minimising fuel energy use by means of:
- Preheating and precalcination to the extent possible, considering the existing kiln system

configuration.
- The use of modern clinker coolers enabling maximum heat recovery.
- Heat recovery from waste gas.

•  Minimising electrical energy use by means of:
- Power management systems.
- Grinding equipment and other electricity based equipment with high energy efficiency.

•  Careful selection and control of substances entering the kiln can reduce emissions.
- When practicable selection of raw materials and fuels with low contents of sulphur,

nitrogen, chlorine, metals and volatile organic compounds.
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Oxides of Nitrogen

The best available techniques for reducing NOx emissions are the combination of the above
described general primary measures and:

•  Primary measures to control NOx emissions
- Flame cooling
- Low-NOx burner

•  Staged combustion

•  Selective non-catalytic reduction (SNCR)

Staged combustion and SNCR are not yet used simultaneously for NOx reduction.

The BAT emission level associated with the use of these techniques is considered to be in the
range 200-500 mg NOx/m3 expressed as NO2 on a daily average basis. (See comments below on
consensus in TWG). The ease with which individual installations can achieve emissions within
this range varies greatly and is discussed below, therefore it is not presumed that all kilns can or
should achieve these emission levels by a given date. The use of SNCR introduces an active
control mechanism which can be expected to result in less variation in emission levels over
time, whereas kilns without SNCR may achieve these levels only over longer averaging
periods.

Some modern well-optimised suspension preheater kiln systems and suspension
preheater/precalciner kiln systems are achieving NOx emission levels of less than 500 mg/m3

with either primary measures only or combined with staged combustion. Raw material quality
and kiln system design may be reasons for not achieving this emission level.

With SNCR the achievable NOx emission level can in the best of cases be less than 200 mg/m3

if the initial level is not higher than about 1000-1300 mg/m3 (80-85% reduction), although the
majority of installations are today operated to achieve an emission level of 500-800 mg/m3 (10-
50% reduction). The possible NH3 slip should be taken into account in the design of SNCR
installations.

On a sector level the majority of kilns in the European Union is said to be able to achieve less
than 1200 mg/m3 with primary measures. By applying SNCR at moderate reduction efficiencies
of about 60% this could reduce the NOx emission level to less than 500 mg/m3.

To fit SNCR, an appropriate temperature window has to be accessible. The right temperature
window is easy to obtain in suspension preheater kiln systems, in suspension
preheater/precalciner kiln systems and possibly in some Lepol kiln systems. At the moment no
full scale installation of SNCR in Lepol kilns exists, but promising results from pilot plants
have been reported. In long wet and dry process kilns it might be very difficult, or impossible,
to obtain the right temperature and retention time needed. At present, about 78% of Europe's
cement production is from dry process kilns and an overwhelming majority of these kilns are
suspension preheater kiln systems or suspension preheater/precalciner kiln systems.

There was some consensus reached within the TWG regarding the best available techniques to
control NOx emissions. Whilst there was support for the above concluded BAT, there was an
opposing view that the emission level associated with the use of BAT is 500-800 mg NOx/m3

(as NO2). Although there are 15 kilns using SNCR techniques at relatively low efficiencies to
obtain emission levels below 800 mg NOx/m3 this view is based upon limited experience with
application of SNCR at higher reduction efficiencies and the consequent uncertainty regarding
additional ammonia emissions which may occur at high ammonia-water injection rates. The
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fear is that ammonia slippage may result in visible and persistent emissions of dust formed of
ammonia sulphates and ammonia chlorides. Additionally unused ammonia may subsequently
transform into NOx in the atmosphere and unused ammonia may prevent recovered dust from
being reused in cement. Whilst a few modern cement plants are able to obtain long-term NOx
emission levels below 500 mg/m3, the industry view is that at the sector level plants would have
to combine primary measures and either staged combustion or SNCR to reach emission levels
below 800 mg/m3, and these techniques can only be applied to certain kiln systems.

There was also a view that selective catalytic reduction (SCR) is BAT with an associated
emission level of 100-200 mg NOx/m3 (as NO2), based upon SCR being regarded as an
available and economically viable technique. This conclusion is drawn from feasibility studies
and successful pilot tests. There are at least three suppliers in Europe that offers full scale SCR
to the cement industry with performance levels of 100-200 mg/m3. However, the first full scale
SCR installation in the cement industry will not be in operation until the end of 1999.

Oxides of Sulphur

The best available techniques for reducing SOx emissions are the combination of the above
described general primary measures and:

•  For initial emission levels not higher than about 1200 mg SO2/m3:
- Absorbent addition.

•  For initial emission levels higher than about 1200 mg SO2/m3:
- Wet scrubber.
- Dry scrubber.

The BAT emission level associated with the use of these techniques is in the range
200-400 mg/m3 expressed as SO2 on a daily average basis.

SO2 emissions from cement plants are primarily determined by the content of the volatile
sulphur in the raw materials. Kilns that use raw materials with little or no volatile sulphur have
SO2 emission levels well below this level without using abatement techniques.

For initial levels up to 1200 mg/m3 it is possible to achieve around 400 mg/m3 with absorbent
addition. Absorbent addition is in principle applicable to all kiln systems, although it is mostly
used in suspension preheaters.

The techniques dry scrubber and wet scrubber have proven their efficiency in a few plants
where the raw materials have a high content of volatile sulphur. The cost for these techniques is
rather high and it will be a local decision whether the environmental benefits justify the cost. A
wet scrubber can achieve a level of less than 200 mg SO2/m3, irrespective of initial
concentration. The SO2 reduction achieved with dry scrubbing is up to 90%, that corresponds to
a clean gas content of 300 mg SO2/m3 when the initial SO2 concentration is 3000 mg/m3. A wet
scrubber can be fitted to all kilns, and a dry scrubber can be fitted to all dry kilns.
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Dust

The best available techniques for reducing dust emissions are the combination of the above
described general primary measures and:

•  Minimisation/prevention of dust emissions from fugitive sources as described in section
1.4.7.3.

•  Efficient removal of particulate matter from point sources by application of:
- Electrostatic precipitators with fast measuring and control equipment to minimise the

number of CO trips
- Fabric filters with multiple compartments and ‘burst bag detectors’

The BAT emission level associated with these techniques is 20-30 mg dust/m3 on a daily
average basis. This emission level can be achieved by electrostatic precipitators and/or fabric
filters at the various types of installations in the cement industry.

Waste

The recycling of collected particulate matter to the process wherever practicable, is considered
to constitute BAT. When the collected dusts are not recyclable the utilisation of these dusts in
other commercial products, when possible, is considered BAT.



Standardeinleitung zum Kapitel mit den Schlussfolgerungen bezüglich BVT

Zum Verständnis dieses Kapitels und seines Inhalts möge der Leser zum Vorwort dieses Dokuments
zurückkehren, insbesondere zum fünften Abschnitt: „Anleitung zum Verständnis und zur Benutzung des
Dokuments". Die Bewertung der in diesem Kapitel vorgestellten Verfahren und der damit verbundenen
Emissions- und/oder Verbrauchswerte oder Wertebereiche erfolgte iterativ in folgenden Schritten:

● Ermittlung der wichtigsten Umweltprobleme in der entsprechenden Branche;

● Prüfung der wichtigsten Verfahren zur Behandlung dieser Umweltprobleme;

● Ermittlung der besten Umweltschutzleistungen auf der Grundlage der in der Europäischen Union und
weltweit verfügbaren Daten;

● Prüfung der Bedingungen, unter denen diese Leistungen erreicht wurden, wie Kosten,
medienübergreifende Wirkungen, wichtigste treibende Kräfte bei der Umsetzung dieser Verfahren;

● Auswahl der besten verfügbaren Techniken (BVT) und der damit verbundenen Emissions- und/oder
Verbrauchswerte für diese Branche im Allgemeinen gemäß Artikel 2 Absatz 11 und Anhang IV der
Richtlinie.

Die Beurteilung durch Sachverständige des Europäischen Büros für die integrierte Vermeidung und
Verminderung der Umweltverschmutzung (IPPC-Büro) und der einschlägigen technischen Arbeitsgruppe
(TWG) hat bei jedem dieser Schritte und der Wahl der Darstellungsform eine Schlüsselrolle gespielt.

Auf Grundlage dieser Beurteilung werden in diesem Kapitel Techniken und - soweit dies möglich ist – die
mit der Anwendung von BVT verbundenen Emissions- und Verbrauchswerte dargestellt, die insgesamt
für die Branche als geeignet angesehen werden und in vielen Fällen die derzeitigen Leistungen einiger
Anlagen in diesem Industriezweig widerspiegeln. Sofern „mit den besten verfügbaren Techniken
verbundene" Emissions- oder Verbrauchswerte angegeben werden, ist dies so zu verstehen, dass diese
Werte die Umweltschutzleistung darstellen, die als Ergebnis der Anwendung der beschriebenen
Techniken in dieser Branche zu erwarten wäre. Dabei ist das mit der Definition von BVT verbundene
Kosten-/Nutzen-Verhältnis bereits berücksichtigt. Es handelt sich jedoch nicht um Emissions- und
Verbrauchsgrenzwerte, und sie sollten nicht als solche aufgefasst werden. In einigen Fällen mag es
technisch möglich sein, bessere Emissions- oder Verbrauchswerte zu erreichen, aber wegen der damit
verbundenen Kosten oder medienübergreifenden Erwägungen werden sie nicht als geeignete BVT für die
gesamte Branche angesehen. Doch können solche Werte in bestimmten Fällen gerechtfertigt sein, wenn
besondere Umstände dies fordern.

Die mit den BVT verbundenen Emissions- und Verbrauchswerte müssen gemeinsam mit den
angegebenen Referenzbedingungen (z.B. Mittelungszeiträume) betrachtet werden.

Das oben beschriebene Konzept der „mit den BVT verbundenen Werte" ist von dem an anderer Stelle in
diesem Dokument verwandten Begriff „erreichbarer Wert" zu unterscheiden. Wird ein Wert bei
Verwendung einer bestimmten Technik oder einer Kombination von Techniken als ,,erreichbar"
beschrieben, so ist dies so zu verstehen, dass die Einhaltung dieses Wertes über einen längeren
Zeitraum in einer gut gewarteten und betriebenen Anlage bzw. einem Prozess unter Verwendung dieser
Techniken erwartet werden kann.

Wo Kostendaten verfügbar waren, wurden sie zusammen mit der Beschreibung der im vorigen Kapitel
vorgestellten Techniken genannt. Sie geben einen groben Hinweis auf die Größenordnung der damit
verbunden Kosten. Die tatsächlichen Kosten der Anwendung einer Technik hängen jedoch stark vom
Einzelfall ab, z.B. von Steuern, Gebühren und den technischen Merkmalen der betreffenden Anlage.
Solche standortspezifischen Faktoren können in diesem Dokument nicht erschöpfend behandelt werden.
Liegen keine Kostendaten vor, dann beruhen die Schlussfolgerungen über die wirtschaftliche
Vertretbarkeit der Techniken auf Beobachtungen bei bestehenden Anlagen.

Die allgemeinen BVT in diesem Kapitel sollen künftig als Referenz dienen, auf die sich die
Leistungsbeurteilung einer bestehenden Anlage oder einer geplanten neuen Anlage bezieht. Auf diese
Weise helfen sie bei der Festsetzung geeigneter, „BVT-gestützter" Bedingungen für die Anlage oder bei
der Festlegung allgemeiner bindender Vorschriften gemäß Artikel 9 Absatz 8. Voraussichtlich können
Neuanlagen so geplant werden, dass sie zumindest die hier vorgestellten BVT-Werte oder sogar bessere
Werte einhalten. Es wird auch daran gedacht, dass sich bestehende Anlagen in Richtung der
allgemeinen BVT-Werte hinbewegen oder darüber hinausgehen können, je nach der im Einzelfall
gegebenen technischen und wirtschaftlichen Anwendbarkeit.



Die BVT-Referenzdokumente setzen zwar keine gesetzlich bindenden Normen fest, doch sollen sie der
Wirtschaft, den Mitgliedstaaten und der Öffentlichkeit als Richtschnur dafür dienen, welche Emissions-
und Verbrauchswerte mit dem Einsatz spezieller Techniken zu erzielen sind. Geeignete Grenzwerte für
jeden Einzelfall müssen unter Berücksichtigung der Ziele der Richtlinie über die integrierte Vermeidung
und Verminderung der Umweltverschmutzung und lokaler Erwägungen ermittelt werden.
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1.6 Emerging techniques in the cement industry

1.6.1 Fluidised bed cement manufacturing technology

The new cement sintering technology by means of the fluidised bed cement kiln system is a
project subsidised by the Ministry of International Trade and Industry in Japan since 1986. A
pilot plant with the capacity of 20 tonnes clinker/day has been operated for six years, between
1989 and 1995, by Sumitomo Osaka Cement Co. Ltd at Toshigi Factory in Japan. A 200 tonnes
clinker/day large scale pilot plant was constructed in the end of 1995.

The configuration of the 20 tonnes clinker/day fluidised bed cement kiln system is shown in.
The system consists of a suspension preheater (SP), a spouted bed granulating kiln (SBK), a
fluidised bed sintering kiln (FBK), a fluidised bed quenching cooler (FBK) and a packed bed
cooler.

Figure 1.8: Fluidised bed cement kiln
[Japan Cement Association, 1996]
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The suspension preheater is a conventional 4-stage cyclone preheater which preheats and
calcines the raw meal. The granulating kiln is granulating the raw meal into granules of about
1.5-2.5 mm diameter at a temperature of 1300 oC. In the sintering kiln the sintering of the
granules is completed at a temperature of 1400 oC. The fluidised bed quenching cooler quickly
cools the cement clinker from 1400 to 1000 oC. Finally, the cement clinker is cooled down to
about 100 oC in the packed bed cooler.

The cement clinker produced in the fluidised bed kiln are of the same or better quality as the
clinker from a commercial plant. The NOx emission is 115-190 mg/m3 when heavy oil is used
and 440-515 mg/m3 when pulverised coal is used as fuel (converted to 10% O2). According to a
feasibility study of a 3000 tonne clinker/day plant the heat use can be reduced by 10-12%
compared with a suspension preheater rotary kiln with grate cooler, it is therefore expected that
the CO2 emission can be reduced by 10-12%.

The final target of the technical development of the fluidised bed cement kiln system are (in
accordance with the feasibility study on a 3000 tonne clinker/day plant and based on the results
from the 20 tonnes/day pilot plant):
1. Reduction of heat use by 10-12%.
2. Reduction of CO2 emission by 10-12%.
3. A NOx emission level of 380 mg/m3 or less (converted to 10% O2).
4. To maintain the current SOx emission level.
5. Reduction of construction cost by 30%.
6. Reduction of installation area by 30%.

1.6.2 Staged combustion combined with SNCR

In theory, a combination of staged combustion and SNCR could be comparable to SCR in
performance, that is NOx emission levels of 100-200 mg/m3. This combination is considered
very promising by suppliers but is not yet proven.
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1.7 Conclusions and recommendations

The experts nominated to the Technical Working Group by Member States, Norway, European
Environmental Bureau and European Industry (Cembureau - The European Cement Association)
have all taken part in this exchange of information.

There is quite a lot of general information available about cement manufacturing. The general
emission and consumption levels and the applied production and abatement techniques have been
no problem to collect. When it comes to plant specific information, or figures for the very best
and/or very worse performances it has been more difficult or impossible to get the information.

There is some cost data available but in general it is not known what exactly is included or how it
is calculated. Therefore costs given in this document are more indications of magnitudes than
exact figures.

SCR technology may be close to being implemented in the cement sector. The first full scale
plant will be in operation in Germany in the end of 1999, and one installation is under
consideration in Austria. At the end of year 2000, according to the current timetable, results from
the commissioning and long time trials of the performance will be available from the German
installation.

It is recommended to consider an update of this BAT reference document around year 2005, in
particular regarding NOx abatement (development of SCR technology and high efficiency
SNCR). Other issues, that have not been fully dealt with in this document, that could be
considered/discussed in the review are:
- more information about chemical additives acting as slurry thinners,
- numeric information on acceptable frequency and duration of CO-trips, and
- associated BAT emission values for VOC, metals, HCl, HF, CO and PCDD/Fs.



i

1.7 Schlussfolgerungen und Empfehlungen

Die von den Mitgliedstaaten, Norwegen, dem Europäischen Umweltbüro und der europäischen
Industrie (Cembureau – Europäischer Zementverband) für die Technische Arbeitsgruppe
nominierten Sachverständigen haben durchweg am Informationsaustausch teilgenommen.

Über die Zementherstellung stehen umfangreiche allgemeine Informationen zur Verfügung. Die
Beschaffung der allgemeinen Emissions- und Verbrauchswerte und von Angaben über die
angewandten Produktionsverfahren und Techniken zur Bekämpfung der Umweltverschmutzung
bereitete keinerlei Schwierigkeiten. Hingegen war es wesentlich schwieriger oder gar unmöglich,
anlagenspezifische Informationen oder Zahlen über optimales und/oder besonders schlechtes
Umweltverhalten zu erhalten.

Einige Angaben zu den Kosten stehen zwar zur Verfügung, aber im Allgemeinen ist nicht genau
bekannt, was in die Kosten eingeschlossen ist und wie sie berechnet werden. Deswegen handelt
es sich bei den im vorliegenden Dokument genannten Kosten eher um die Angabe von
Größerordnungen als um genaue Zahlen.

Die auf der selektiven katalytischen Reduktion (SCR) beruhende Technologie wird
möglicherweise in nächster Zukunft in der Zementbranche eingesetzt. Die erste großindustrielle
Anlage wird Ende 1999 in Deutschland in Betrieb gehen; und die Errichtung einer weiteren
Anlage wird gegenwärtig in Österreich geprüft. Nach dem derzeitigen Zeitplan werden am Ende
des Jahres 2000 die Ergebnisse der Inbetriebsetzung und der zur Leistungsbestimmung der
deutschen Anlage durchgeführten Langzeituntersuchungen zur Verfügung stehen.

Es wird empfohlen, etwa im Jahr 2005 die Aktualisierung dieses Referenzdokuments zur BVT
insbesondere im Hinblick auf die Reduzierung von NOx (Entwicklung der SCR-Technologie und
der hochwirksamen auf der selektvien nichtkatalytischen Reduktion (SNCR) beruhenden
Technologie) in Erwägung zu ziehen. Weitere im vorliegenden Dokument nicht erschöpfend
behandelte Fragen, die bei der Überprüfung berücksichtigt/erörtert werden könnten, sind:
- weitere Informationen über die als Schlammverdünner wirkenden chemischen Zusätze,
- Zahlenmaterial zur vertretbaren Häufigkeit und Dauer von CO-Trips
- die mit BTV verbundenen Emissionswerte für flüchtige organische Verbindungen, Metalle,
HCl, HF, CO und PCDD/PCDF.
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2 LIME INDUSTRY

2.1 General information about the Lime industry

Lime is used in a wide range of products, each suited to particular market requirements. For
example, lime and its derivatives are used as a fluxing agent in steel refining , as a binder in
building and construction, and in water treatment to precipitate impurities. Lime is also used
extensively for the neutralisation of acidic components of industrial effluent and flue gases.

There is evidence that the use of quicklime and hydrated lime in construction was widespread
as early as 1000 B.C.among many civilisations, including the Greeks, Egyptians, Romans,
Incas, Mayas, Chinese, and Mogul Indians. The Romans knew of its chemical properties and
used it, for example, for bleaching linen and medicinally as limewater.

Quicklime, or burnt lime, is calcium oxide (CaO) produced by decarbonisation of limestone
(CaCO3). Slaked lime are produced by reacting, or “slaking”, quicklime with water and consist
mainly of calcium hydroxide (Ca(OH)2). Slaked lime includes hydrated lime (dry calcium
hydroxide powder), milk of lime and lime putty (dispersions of calcium hydroxide particles in
water). The term lime includes quicklime and slaked lime and is synonymous with the term
lime products. Lime is, however, sometimes used incorrectly to describe limestone products
which is a frequent cause of confusion.

World production of lime grew steadily from just under 60 million tonnes in 1960 to a peak of
almost 140 million tonnes in 1989. Output of lime dipped in the mid-1970s and early 1980s,
due to the general economic recessions at the time, and the most recent world recession led to a
drop in production to 120 million tonnes in 1995, as shown in Figure 2.1. The numbers shown
do not give the complete picture, however, as a significant portion of total lime production
takes place at the point of use (i.e. captive lime production within, among others, iron and steel,
kraft pulp and sugar industries) and so does not enter the market. The European Lime
Association, EuLA, estimates the total world production of lime, including captive lime, at 300
million tonnes.

Lime production in the world and the EU
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Figure 2.1: Sales-relevant lime production in the world and the EU 1960,1984-1995
[EC Mineral Yearbook, 1995 and 1997]
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With an annual production of around 20 million tonnes of lime, the EU countries produce about
15% of sales-relevant world lime production. In most EU countries the lime industry is
characterised by small and medium-sized companies. There has, however, been a growing trend
towards concentrations in recent years, with a small number of large international companies
having gained a considerable market share. Nevertheless, there are still more than 100
companies operating in the European Union.

Germany, Italy and France are the largest producers of lime in the EU, together accounting for
about two thirds of the total volume. The production of lime in countries of the EU is shown in
Figure 2.2.

Figure 2.2: Sales-relevant lime production in the EU countries 1995
[EC Mineral Yearbook, 1997], [EuLA]

The production of lime in the EU countries dropped in the end of the 1980s, only to increase
again at the beginning of 1994. This was a consequence of changes in patterns of consumption.
One of the main users of lime, the iron and steel industry, reduced its specific lime consumption
per tonne of steel from 100 kg to 40 kg. However, around the middle of the 1990s the growing
use of lime for environmental protection brought sales figures back up again.

Total lime consumption in the EU has stagnated because sectors with increasing demand, such
as water treatment and flue gas desulphurisation, only partially compensate for decreased
demand in the traditional steel and metallurgy sectors. In the medium-term the EU market for
lime should remain stable, but may be affected by imports from Eastern Europe.

The consumption of sales-relevant lime in the EU countries by different sectors is shown in
Table 2.1. Details of the captive lime production are not available, but the estimated total
consumption of captive and sales relevant lime in 1996 in Europe by the biggest users was:

Iron and steel making 6-10 million tonnes per year
Kraft pulping 4 million tonnes per year
Sugar industry 2 million tonnes per year
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Lime is a low-cost but bulky material, so it tends to be transported only over relatively short
distances. Exports of lime from the EU only amount to a few per cent of the production. The
main exporting country in the EU is Belgium, which exports nearly 50% of its lime production.

1995
Steel making and 40% ca.
non-ferrous metals processing
Construction and public works 20%
Agriculture 12%
Chemistry-petrochemistry 10%
Environmental applications 8%
Sugar industry 5%
Soil stabilization in construction 3%
Paper and cardboard industry 2%

Table 2.1: Lime consumption by sectors in the EU countries 1995 (not including captive lime)
[EC Mineral Yearbook, 1997]

There are approximately 240 lime-producing installations in the European Union (excluding
captive lime production), which are distributed across the Member States as shown in Table
2.2.

Country Lime Plants

Austria 7
Belgium 6
Denmark 2
Finland 4
France 19
Germany 67
Greece 44
Ireland 4
Italy 32
Luxembourg 0
Netherlands 0
Portugal 12
Spain 26
Sweden 6
United Kingdom 9

Total 238

Table 2.2: Number of non-captive lime plants in EU Member States in 1995
[EuLA], [Bournis, Symeonidis], [Gomes], [Göller], [Junker], [Jørgensen]

There is a total of about 450 kilns (excluding captive lime kilns) in the EU, most of which are
other shaft kilns and parallel-flow regenerative shaft kilns (See Table 2.3). Typical kiln size lies
between 50 and 500 tonnes per day. Only about 10% of kilns have a capacity of less than 50 or
more than 500 tonnes per day.
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Country Rotary Annular Regener. Other Other Total
shaft shaft shaft kilns

Austria 0 2 6 3 1 12
Belgium 8 5 14 0 2 29
Denmark 2 0 0 0 0 2
Finland 5 0 0 0 0 5
France 4 21 20 18 1 64
Germany 7 31 12 74 12 136
Greece 1 2 1 39 1 44
Ireland 1 0 1 3 0 5
Italy 0 5 25 30 0 60
Luxembourg 0 0 0 0 0 0
Netherlands 0 0 0 0 0 0
Portugal 0 0 2 1 9 12
Spain 4 1 21 16 0 42
Sweden 5 0 3 2 0 10
UK 8 0 7 10 1 26

Total 45 67 114 196 27 449

Table 2.3: Number of operational lime kilns, not including captive kilns, in EU Member States 1995
[EuLA], [Aspelund], [Bournis, Symeonidis], [Gomes], [Junker], [Slavin]

Different types of lime are used for a wide variety of applications. A distinction is made
between calcium limes, dolomitic limes and hydraulic limes. Calcium limes are by far the
largest category and are supplied in lump, ground and hydrated forms. Dolomitic limes are
more specialised products and are supplied in smaller quantities in lump, ground, hydrated and
dead-burned forms. Hydraulic limes are partialy hydrated and contain cementitious compounds,
and are used exclusively in building and construction. The estimated distribution of different
types of lime in terms of percentages of total production of burnt lime in 1995 is shown in
Table 2.4.

1995
Fine ground lime 50%
Lump lime 30%
Hydrated lime 16%
Deadburnt dolomite 2.5%
Hydraulic lime 1.5%

Table 2.4: Estimated distribution of different types of lime in the EU in 1995
[EuLA]

Each specific type of lime has a certain reactivity and the type of lime used is therefore
governed by the requirements of the application and the specific process. A distinction is drawn
between hard burnt, medium burnt and soft burnt limes. Soft burnt limes are those with the
highest reactivity. The properties of limes also depend on the limestone feed material, the type
of kiln and the fuel used. For example, coke-fired shaft kilns generally produce quicklime with
a medium to low reactivity, whereas gas-fired parallel-flow regenerative kilns usually produce a
high reactivity lime.
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The lime industry is a highly energy-intensive industry with energy accounting for up to 50% of
total production costs. Kilns are fired with solid, liquid or gaseous fuels. The use of natural gas
has grown substantially over the last few years. Table 2.5 shows the distribution of the fuel
types used in the EU in 1995.

1995
Natural gas 48%
Coal1) 36%
Oil 15%
Other 1%

1) including hard coal, coke, lignite and pet coke

Table 2.5: Distribution of fuels used by the European lime industry in 1995
[EuLA]

The main releases from lime production are atmospheric releases from the kiln. These result
from the particular chemical composition of the raw materials and fuels used. However,
significant releases of particulates can occur from any part of the process, notably the hydrator.
Potentially significant emissions from lime plants include carbon oxides (CO, CO2), nitrogen
oxides (NOx), sulphur dioxide (SO2) and dust.
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2.2 Applied processes and techniques in lime manufacturing

The lime making process consists of the burning of calcium and/or magnesium carbonates at a
temperature between 900 and 1500 oC, which is sufficiently high to liberate carbon dioxide, and
to obtain the derived oxide (CaCO3 → CaO + CO2). For some processes significantly higher
burning temperatures are necessary, for example dead-burned dolomite.

The calcium oxide product from the kiln is generally crushed, milled and/or screened before
being conveyed to silo storage. From the silo, the burned lime is either delivered to the end user
for use in the form of quicklime, or transferred to a hydrating plant where it is reacted with
water to produce hydrated or slaked lime.

Lime processes mainly contains the following basic steps, which are illustrated in Figure 2.3:
•  Winning of limestone
•  Limestone storage and preparation
•  Fuels storage and preparation
•  Calcination of limestone
•  Quicklime processing
•  Quicklime hydration and slaking
•  Storage, handling and transport

The paragraphs 2.2.1-2.2.8 are to a large extent based on information from [TO, 1997].

2.2.1 Winning of limestone

The raw material for lime production is limestone or, to a lesser extent, dolomite or dolomitic
limestone. Dolomite and dolomitic limestone are mixtures of calcium carbonate and up to 44%
magnesium carbonate. While limestone deposits are relatively abundant in many countries, only
a small proportion are suitable for commercial extraction.

High purity limestone or dolomite is quarried, crushed, and in some cases washed. It is then
screened and transported to the kiln. Limestone is normally obtained by surface quarrying,
generally adjacent to the lime plant, but in some cases sea dredging or even underground
mining are used. A typical mining process includes:
•  Removal of the overburden (i.e., the soil, clay and loose rock overlying the deposit).
•  Blasting of rock.
•  Loading and transportation of the blasted rock to the crushing and screening plant.

2.2.2 Limestone preparation and storage

Limestone is crushed to the appropriate size range, which is normally 5 to 200 mm depending
upon the kiln used. Primary crushers receive quarry rocks as large as one metre in diameter and
reduce their size down to 100-250 mm. Crushed stone from the primary crushers is transported
via conveyors to vibrating screens, where large pieces are separated and recycled while those
passing through are used as kiln charge, or may be fed into the secondary crushers located
further down the process line.

Secondary crushers yield pebbles of 10 to 50 mm, which after screening are transported on belt
conveyors and/or bucket elevators to limestone storage silos or compartments for storage prior
to feeding the dryer or the lime kiln.
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Figure 2.3: Overview of a lime manufacturing process
[EuLA]

Depending on the nature of the rock (hardness, lamination, size etc.) various types of primary
crushers are used, such as: jaw crushers, gyratory crushers and impact crushers. As the kiln
charge does not have to be very fine, jaw and impact crushers are also often used as secondary
crushers, as are hammer mills. Sometimes crushing plants are located at the quarry and are
mobile.



Chapter 2 Lime Industry

62 March 2000 PH / EIPPCB / CL_BREF_FINAL

The particle size distribution must be compatible with the requirements of the kiln. This
generally requires the stone to be positively screened to give a size distribution of, ideally 2 to
1, or at least 3 to 1.

Washing is sometimes used to remove natural impurities such as silica, clay and the very fine
particles of limestone. This washing aids the burning process by leaving free space between the
stones for combustion air circulation, thus reducing the amount of excess air and saving
electrical energy. Techniques for piling the limestone, for better cleaning, have been developed.

Screened sizes of limestone are stored in bunkers and in outdoor stockpiles. Fine grades are
usually stored in sealed bunkers.

In a very limited number of installations (for example, where the calcium carbonate is in the
form of a sludge or filter cake), it is necessary to dry the feed material. This is generally done
by using the surplus heat from kiln exhaust gases.

2.2.3 Fuels, storage and preparation

In lime burning, the fuel provides the necessary energy to calcine the lime. It also interacts with
the process, and the combustion products react with the quicklime. Many different fuels are
used in lime kilns. The most common in the EU is natural gas, but coal, coke and fuel oil are
also widely used. Table 2.6 shows fuels used in lime-burning. Most kilns can operate on more
than one fuel, but some fuels cannot be used in certain kilns. Fuels markedly affect the heat
usage, output and product quality. Some fuels require a special refractory kiln lining.

Type of fuel Widely used Sometimes used Rarely used

Solid Bituminous coal Anthracite Peat
Coke Lignite Oil shales

Pet coke

Liquid Heavy fuel oil Medium fuel oil Light fuel oil

Gaseous Natural gas Butane/propane Town gas
Producer gas

Unconventional Wood/sawdust, Biomass, Waste liquid
Used tyres, Paper, and solid fuels
Plastic, etc.

Table 2.6: Fuels used in lime-burning
[EuLA]

The choice of fuel(s) for a lime-burning operation is important for the following reasons:
a) the cost of fuel per tonne of lime may represent 40 to 50% of the production cost,
b) an inappropriate fuel can cause major operating costs, and
c) the fuel can influence the quality of the lime, notably the residual CO2 level, the reactivity,

and the sulphur content.

In addition, the choice of fuel can affect the levels of emissions of carbon dioxide, carbon
monoxide, smoke, dust, sulphur dioxide and oxides of nitrogen, all of which have an
environmental impact.



Lime Industry Chapter 2

PH / EIPPCB / CL_BREF_FINAL March 2000 63

The fuel should be prepared as required for the injection system, which can be of direct or
indirect firing type. In the case of solid fuels, this involves delivery at the appropriate particle
size for the installed handling system. In the case of liquid and gaseous fuels, the required
pressure and (as appropriate) temperature need to be maintained.

2.2.4 Calcining of limestone

The lime burning process typically involves:
1. providing sufficient heat at above 800 oC to heat the limestone and to cause decarbonation,

and
2. holding the quicklime for the requisite time at a sufficiently high temperature (typically in

the range 1200 to 1300 oC to adjust reactivity.

A large variety of techniques and kiln designs have been used over the centuries and around the
world. Although sales of lime kilns in recent years have been dominated by a relatively small
number of designs, many alternatives are available, which may be particularly suitable for
specific applications. Stone properties such as strength before and after burning, dust
generation and product quality must be considered when choosing kiln technology. Many lime
producers operate two or more types of kiln, using different sizes of limestone feed, and
producing different qualities of lime. The main characteristics of some types of lime kiln are
summarised in Table 2.7.

Kiln type Fuelsa Output range Range of feed
(tonnes/day) stone size (mm)

Shaft
Mixed feed S 60-200 20-200
Double-inclined G,L,S 10-160 20-100
Multi-chamber G,L,S 40-225 20-150
Annular G,L,S 80-600 10-250
Parallel-flow reg. (standard) G,L,S 100-600 25-200
Parallel-flow reg. (finelime) G,S 100-300 10-30
Other shaft - central burner G,S 40-80 40-150

- external chambers G,L 40-120 80-350
- beam burner G,L,S 50-800 20-175
- internal arch G,L,S 15-250 25-120

Rotary
Long G,L,S 160-1500 dust-60
Preheater G,L,S 150-1500 0-60b

Other kilns
Travelling grate G,L,S 80-130 15-45
“Top-shaped” G,L,S 30-100 5-40
Fluidised bed G,L 30-150 0-2
Flash calciner G,L 300-1500 0-2
Rotating hearth G,L,S 100-300 10-40

a G=Gaseous, L=Liquid, S=Solid
b cyclone preheater 0-2 mm, shaft preheater 10-60 mm, grate preheater 10-50 mm

Table 2.7: Characteristics of some types of lime kiln
[EuLA], [UK Report 1996]

Since the “oil crisis” of 1972, there have been a number of pressures on lime producers to
replace existing kilns, in particular:
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a) variable and, at times, high fuel prices,
b) fierce competition (arising from spare capacity), which has forced down the market price

of lime,
c) a preference for quicklime with more consistent quality and particularly with high

reactivity, low CaCO3 and low sulphur content, and
d) increasingly stringent environmental standards both for the workplace and for atmospheric

emissions.

Heat transfer in lime burning can be divided into three stages:
a) Preheating zone. Limestone is heated from ambient to above 800 °C by direct contact with

the gases leaving the calcining zone (i.e. products of combustion, excess air and CO2 from
calcination).

b) Calcining zone. Fuel is burned in preheated air from the cooling zone and (depending on
the design) in additional “combustion” air added with the fuel. This produces a
temperature of over 900 °C and causes dissociation of the limestone into quicklime and
carbon dioxide.

c) Cooling zone. Quicklime leaving the calcining zone at 900 °C is cooled by direct contact
with “cooling” air, part or all of the combustion air, which in return is preheated.

These zones are illustrated in Figure 2.4 for a vertical shaft kiln

Figure 2.4: Vertical shaft kiln.
[VDI Draft Guidelines 2583, 1984]

Most of the kilns currently used are based on either the shaft or the rotary design. There are a
few other kilns based on different principles. All of these designs incorporate the concept of the

1. Exhaust gas
2. Charging bucket with raw material and fuel
3.Gas seal bell
4. Preheating zone
5. Calcining zone
6. Cooling zone
7. Kiln lining
8. Combustion air inlet
9. Lime discharge
10. Intermediate hopper
11. Discharge channels
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three zones. Whereas shaft kilns usually incorporate a preheating zone, some other lime kilns,
namely rotary and fluidised bed kilns, are nowadays operated in connection with separate
preheaters. Two main types of preheaters are used; vertical shaft and travelling grate.

Most kiln systems are characterised by the counter-current flow of solids and gases, which has
implications for the resulting pollutant releases.

2.2.4.1 Shaft kilns

Figure 2.4 shows a schematic diagram of a shaft kiln. The major problem with traditional shaft
kilns is obtaining uniform heat release and movement of the burden across the shaft. Fuel
injected at a wall usually does not penetrate more than 1 m into a packed bed. This limits the
kiln width (or diameter) to 2 m. Uniform heat release can be achieved in larger shafts by:
•  use of the mixed feed technique
•  use of central burners or lances,
•  injecting the fuel via tuyères which penetrate approximately 1 m into the kiln,
•  injection of the fuel underneath arches, or
•  injection of air or recycled kiln gas above the fuel.

In general, shaft kilns have relatively low heat use rates because of efficient heat transfer
between the gases and the packed bed. However, they retain most of the sulphur in the fuel so
low-sulphur fuel is required to produce a low-sulphur product. Older designs tend to produce
quicklime with a low to moderate reactivity and a relatively high CaCO3 content. Modern
designs incorporate features which enable highly reactive lime to be produced with low CaCO3
levels.

Before describing specific designs of vertical shaft kilns, it is appropriate to consider three
important features which are common to all designs, namely charging, drawing and
combustion.

Charging of raw material

Single point charging of lump raw material, especially to shaft kilns, can lead to problems in
kiln operation. Larger stones tend to roll down the conical heap towards the walls, while the
smaller fractions concentrate along the axis of the kiln. As a result, there is a gradation in the
resistance to flow of kiln gases from a high level around the central axis to progressively lower
levels towards the walls. This results in a greatly reduced flow of gases through the central part
of the kiln and as a result part of the burden tends to be under-calcined.

A variety of devices have been developed to mitigate this effect and to minimise the asymmetry
of the charging system. In the fixed plate and cone arrangement, the position of the cone and
strike plate, relatively to the feed chute and to each other, can be adjusted to produce a more-or-
less uniform profile around the kiln. Inevitably, fines tend to concentrate on either side of the
feed chute centre line, but the effect on the kiln operation is small. The rotating hopper and bell
system is more sophisticated and produces both a more uniform profile and a better dispersion
of fines in an annular ring around the kiln.

For mixed feed kilns it is essential that the fuel is dispersed uniformly across the kiln.
Therefore rotating hopper and bell systems are used, in which the bell may be fitted with
extensions, which typically consist of four quadrants, one deflecting part of the charge towards
the centre of the kiln, a second deflecting it further out, and with the third and fourth quadrants
deflecting it progressively further away from the axis of the kiln. After each charge, the hopper
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and the apron are rotated by a fraction of revolution so that, on average, a uniform distribution
is obtained.

Drawing of lime

In most cases the drawing system determines the velocity at which the limestone burden
descends through the kiln. The drawing system should produce a uniform movement of the
burden. Simple systems, using a single discharge point and a conical table, work satisfactorily
while the burden moves freely. However, when there is a tendency for part of the kiln to stick or
when fused lumps of lime bridge between the table and the wall of the cooling zone, lime is
preferentially drawn from the free-flowing parts of the kiln, resulting in further over-heating in
the problem area.

A better system uses four discharge points without a central table. If there is a tendency for part
of the kiln to stick, the feeder(s) under that part can be operated at a faster rate than the others
to help re-establish free movement. Similarly, if one feeder becomes blocked, appropriate
action can be taken. Multiple discharge points can also assist with diagnosing problems within
a kiln. By operating each in turn, the lime from different segments can be tested separately to
identify if a particular segment is under or over-burned.

Still more sophisticated drawing mechanisms are used, such as;
a) hydraulically driven quadrants,
b) a rotating eccentric plate, and
c) a rotating spiral cone with steps and a slope designed to take lime uniformly across the shaft.

This design is used on some mixed-feed kilns.

Combustion

In all combustion processes there is an optimum air to fuel ratio which gives the highest
efficiency of combustion. A ratio lower than optimum results in incomplete combustion and
increased levels of carbon monoxide, while a higher ratio results in the products of combustion
being diluted and cooled by the additional quantities of air.

Combustion within the packed bed in vertical lime kilns is particularly problematical as mixing
of gasified fuel and air under these conditions is more difficult. From the viewpoint of
combustion efficiency, the fuel and air should, ideally, be distributed uniformly across the
shaft. However, regardless of the firing system, variations in the air-fuel ratio occur.

Various techniques have been used to moderate temperatures in the calcining zone. Use of an
overall deficiency of air is effective but increases fuel usage and can cause the emission of dark
smoke. Recirculation of kiln gases is practised with some kilns to moderate kiln temperatures,
particularly at the walls. In the annular shaft and parallel-flow regenerative kilns part or all of
the combustion gases pass down part of the shaft in co-current flow with the lime. This results
in a comparatively low temperature in the finishing section of the calcining zone.

Mixed-feed shaft kiln

Modern mixed-feed shaft kilns use limestone with a top size in the range of 50 to 150 mm and a
size ratio of approximately 2:1. The most widely used fuel is a dense grade of coke with low
reactivity and low ash content. The coke size is only slightly smaller than that of the stone so
that it moves with it rather than trickling through the interstices. The stone and the coke are
mixed and charged into the kiln in such a way as to minimize segregation.
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The quality of the quicklime tends to be moderate, with the reactivity being considerably lower
than that obtained by rotary kilns at the same CaCO3 level. The retention of sulphur from the
fuel is high.

Double-inclined shaft kiln

The double-inclined kiln is shown in Figure 2.5. It is essentially rectangular in cross-section,
but incorporates two inclined sections in the calcining zone. Opposite each inclined section,
off-set arches create spaces into which fuel and preheated combustion air is fired via
combustion chambers.

Figure 2.5: Double-inclined shaft kiln.
Based on figure from [Ullmann’s, 1990]

Cooling air is drawn into the base of the kiln where it is preheated, withdrawn and re-injected
via the combustion chambers. The tortuous paths for both the gases and the burden, coupled
with firing from both sides, ensures an efficient distribution of heat. A range of solid, liquid and
gaseous fuels can be used, although they should be selected with care to avoid excessive build-
ups caused by fuel ash and calcium sulphate deposits.

The kiln can produce a reactive low-carbonate product.

a) Upper burners; b) Lower burners
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The multi-chamber shaft kiln

This is a development of the double-inclined kiln. It consists of 4 or 6 alternately inclined
sections in the calcining zone, opposite each of which is an offset arch. The arches serve the
same purpose as in the double-inclined kiln.

Cooling air is preheated by lime in the cooling zone and is withdrawn, de-dusted and re-
injected via the combustion chambers.

A feature of the kiln is that the temperature of the lower combustion chambers can be varied to
control the reactivity of the lime over a wide range. The kiln can be fired with solid, liquid and
gaseous fuels (or a mixture).

Annular shaft kiln

The major feature of the annular shaft kiln Figure 2.6a, is a central cylinder which restricts the
width of the annulus, and together with arches for combustion gas distribution ensures good
heat distribution. The central column also enables part of the combustion gases from the lower
burners to be drawn down the shaft and to be injected back into the lower chamber. This

                         

a) Annular shaft kiln b) Parallel-flow regenerative kiln

a) Upper burners; b) Lower burners; a) Fuel; b) Combustion air; c) Cooling air;
c) Combustion air to upper burners; d) Lances; e) Cross-duct; f) Shaft 1; g) Shaft 2
d) Combustion air to lower burners; e) Kiln gases

Figure 2.6: a) Annular shaft kiln; b) Parallel-flow regenerative kiln.
Based on figures from [Ullmann’s, 1990]
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recycling moderates the temperature at the lower burners and ensures that the final stages of
calcination occur at low temperature. Both effects help to ensure a product with a low CaCO3
level and a high reactivity. The annular shaft kiln can be fired with gas, oil or solid fuel. The
exhaust gases have a high CO2 concentration.

Parallel-flow regenerative kiln

The parallel-flow regenerative (or Maerz) kiln is shown in Figure 2.6b. Its characteristic feature
is that it consists of two interconnected cylindrical shafts. Some early designs had three shafts,
while others had rectangular shafts, but the operating principles are the same.

Batches of limestone are charged alternately to each shaft and pass downwards through a
preheating/regenerative heat exchange zone, past the fuel lances and into the calcining zone.
From the calcining zone they pass to the cooling zone.

The operation of the kiln consists of two equal periods, which last from 8 to 15 minutes at full
output.

In the first period, fuel is injected through the lances in shaft 1 and burns in the combustion air
blown down this shaft. The heat released is partly absorbed by the calcination of limestone in
shaft 1. Air is blown into the base of each shaft to cool the lime. The cooling air in shaft 1,
together with the combustion gases and the carbon dioxide from calcination, pass through the
interconnecting cross-duct into shaft 2 at a temperature of about 1050 °C. In shaft 2, the gases
from shaft 1 mix with the cooling air blown into the base of shaft 2 and pass upwards. In so
doing, they heat the stone in the preheating zone of shaft 2.

If the above mode of operation were to continue, the exhaust gas temperature would rise to well
over 500 °C. However, after a period of 8 to 15 minutes, the fuel and air flows to shaft 1 are
stopped, and “reversal” occurs. After charging limestone to shaft 1, fuel and air are injected to
shaft 2 and the exhaust gases are vented from the top of shaft 1.

The method of operation described above incorporates two key principles:
a) The stone-packed preheating zone in each shaft acts as a regenerative heat exchanger, in

addition to preheating the stone to calcining temperature. The surplus heat in the gases is
transferred to the stone in shaft 2 during the first stage of the process. It is then recovered
from the stone to the combustion air in the second. As a result, the combustion air is
preheated to about 800 °C.

b) The calcination of the quicklime is completed at the level of the cross-duct at a moderate
temperature of about 1100 °C. This favours the production of a highly reactive quicklime,
which may, if required, be produced with a low CaCO3 content.

Because the kiln is designed to operate with a high level of excess air (none of the cooling air is
required for combustion), the level of CO2 in the exhaust gases is low -about 20% by volume
(dry).

The kiln can be fired with gas, oil or solid fuel (in the case of solid fuel, its characteristics must
be carefully selected). A modified design (the “finelime” kiln) is able to accept a feedstone in
the range 10 to 30 mm, provided that the limestone is suitable.
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Other shaft kilns

This group includes a number of designs not described above. In these designs fuel is
introduced through the walls of the kiln, and is burned in the calcining zone, with the
combustion products moving upwards in counter-current to the lime and limestone. In some
designs, the fuel is partially combusted in external gasifiers. In others, it is introduced via
devices such as a central burner, beam burner or injected below internal arches.

2.2.4.2 Rotary kilns

Long rotary kiln

The traditional/long rotary kiln consists of a rotating cylinder (up to 140 m long) inclined at an
angle of 1 to 4 degrees to the horizontal. Limestone is fed into the upper end and fuel plus
combustion air is fired into the lower end. Quicklime is discharged from the kiln into a lime
cooler, where it is used to preheat the combustion air. Various designs of lime cooler are used,
including "planetary" units mounted around the kiln shell, travelling grates and various types of
counter-flow shaft coolers.

Many kilns have internal features to recover heat from the kiln gases and to preheat the
limestone. These include:
a) chains (in kilns fed with calcium carbonate sludge),
b) metal dividers and refractory trefoils, which effectively divide the kiln into smaller tubes,
c) lifters which cause the stone to cascade through the gases, and
d) internal refractory dams, which increase the residence time of the burden.

The design of burner is important for the efficient and reliable operation of the kiln. The flame
should be of the correct length, too short and it causes excessive temperatures and refractory
failure, too long and it does not transfer sufficient radiant heat in the calcining zone with the
result that the back-end temperature rises and thermal efficiency decreases. The flame should
not impinge on the refractory.

Rotary kilns can accept a wide range of feed stone sizes from 60 mm down to dust. An
interesting feature of the tumbling bed in the kiln is that larger stones migrate towards the
outside of the bed, while smaller stones concentrate at the centre of the bed. This results in the
larger stones being exposed to higher temperatures than the smaller stones, with the result that
over-calcination of the finer fractions can be avoided. Indeed, it is frequently necessary to
incorporate “mixers” or steps into the refractory lining to mix the bed and to ensure that the
finer fractions are fully calcined. Because of the ease with which they can be controlled, rotary
kilns can produce a wider range of reactivities and lower CaCO3 levels than shaft kilns. The
variability of reactivity, however, tends to be greater than that of shaft kilns. Relatively weak
feedstones, such as shell deposits, and limestones that break up, are unsuitable as feed to shaft
kilns but may prove to be suitable for rotary kilns.

Rotary kilns can be fired with a wide range of fuels. As heat transfer in the calcining zone is
largely by radiation, and as the infra-red emissivities increase in the sequence gas, oil and solid
fuel, the choice of fuel can have a marked effect on heat usage. Values as high as 9200
MJ/tonne quicklime have been observed for simple gas-fired kilns, while a similar coal-fired
kiln may have a heat usage of 7500 MJ/tonne quicklime. The use of internal fittings can reduce
those heat usages to below 6700 MJ/tonne quicklime. Radiation and convection losses from the
kiln are high relative to other designs of lime kiln.

A feature of rotary kilns is the formation of “rings”. These consist of an accumulation of
material on the refractory in a part of the kiln which has the appropriate temperature for a semi-
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liquid phase to form. Such rings can form from ash in coal-fired kilns and from calcium
sulphate deposits. Alkalis (sodium and potassium oxides), clay and lime can contribute to the
build-ups, which can be troublesome. In the case of coal-firing, fine grinding of the fuel can
significantly reduce the rate of build-up.

Another feature of rotary kilns is that sulphur from the fuel, and, to a lesser extent from the
limestone, can be expelled from the kiln in the kiln gases by a combination of controlling the
temperature and the percentage of CO in the calcining zone. Thus low sulphur limes can be
produced using high sulphur fuels, subject to any emission limits for SO2 in the exhaust gases.

Preheater rotary kiln

Modern rotary kilns are fitted with preheaters, see Figure 2.7, and are generally considerably
shorter than the conventional rotary kiln (e.g. 40 to 90 m). The heat use decreases because of
reduced radiation and convection losses as well as the increased heat recovery from the exhaust
gases. Thus, with coal firing, net heat uses of less than 5200 MJ/tonne quicklime are reported.
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igure 2.7: Preheater rotary lime kiln.
llmann’s, 1990]

r of preheater designs have been developed, including vertical shafts and travelling
e preheater should be selected on the basis of the size and properties of the feedstone.
 accept a bottom size of 10 mm; some have used stones down to 6 mm, and some
lerate weak stones or stone that is prone to breaking up.

 elimination of sulphur is more difficult with preheater kilns, there are a number of
hich it can be achieved:

ishing a purge of SO2 by taking some of the kiln gases around the preheater (at the cost
reased heat use),
ing the kiln under reducing conditions and introducing additional air at the back end
works with certain designs of preheater), and
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c) adding sufficient finely divided limestone to the feed for it to preferentially absorb SO2 and
so that it is either collected in the back-end dust collector, or is screened out of the lime
discharged from the cooler.

2.2.4.3 Other kilns

Various designs of lime kilns have been developed, based on the technology used in modern
cement kilns. One of the driving forces for developing new designs of kiln is that substantial
quantities of calcium carbonate are available in finely divided form. The sugar and paper/wood
pulp industries, for example, produce a mixture of calcium carbonate and organic matter which
can be calcined and recycled, and many limestone quarries produce a surplus of fine stone,
which, in principle, would be suitable for calcination (although it is often contaminated with
clay).

Travelling grate kiln

For limestone in the size range 15 to 45 mm, an option is the "travelling grate" (or CID) kiln
(developed in Germany). It consists of a rectangular shaft preheating zone, which feeds the
limestone into a calcining zone. In the calcining zone the limestone slowly cascades over five
oscillating plates, opposite which are a series of burners. The lime passes to a rectangular
cooling zone. The CID kiln can burn gaseous, liquid or pulverised fuels and is reported to
produce a soft-burned lime with a residual CaCO3 content of less than 2.3%. The four kilns
built to date have capacities of 80 to 130 tonnes/day of quicklime.

The top-shaped Kiln

Another relatively new development, which accepts feedstone in the 10 to 25 mm range, is the
"top-shaped" lime kiln (developed in Japan). This consists of an annular preheating zone from
which the limestone is displaced by pushing rods into a cylindrical calcining zone. Combustion
gases from a central, downward facing burner, fired with oil and positioned in the centre of the
preheating zone are drawn down into the calcining zone by an ejector. The lime then passes
down into a conical cooling zone. The kiln is reported to produce high quality quicklime,
suitable for steel production and precipitated calcium carbonate. Kiln capacities are up to 100
tonnes/day of quicklime, heat use is 4600 MJ/tonne of lime. It is reported that, because of its
relatively low height, the kiln can accept limestones with low strengths.

Gas suspension calcination process

Gas suspension calcination, GSC, is a new technology for minerals processing, such as the
calcination of limestone, dolomite and magnesite from pulverised raw materials to produce
highly reactive and uniform products. Most of the processes in the plant, such as drying,
preheating, calcination and cooling, are performed in gas suspension. Consequently, the plant
consists of stationary equipment and few moving components, as shown in Figure 2.8.

The amount of material present in the system is negligible, which means that after a few
minutes of operation the product will conform to specifications. There is no loss of material or
quality during start-up and shut-down so there is no sub-grade product. The GSC process
produces a product with high reactivity, even when calcined to a high degree. The material to
be processed in gas suspension must have a suitable fineness, practical experience has shown
that 2 mm particle size should not be exceeded.
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Figure 2.8: Gas suspension calcination process
Process diagram of Norsk Hydro’s GSC plant

A GSC plant for the production of dolomitic lime has been in continuous operation at Norsk
Hydro, Porsgrunn, Norway, since August 1986. Some performance figures for the balanced
operation of GSC and crushing/drying are presented below:
Plant capacity 430 tonnes/day
Fuel consumption 4800 MJ/tonne product
Power consumption 33 kWh/tonne product

Rotating hearth kiln

This type of kiln, now almost obsolete, was designed to produce pebble lime. It consists of an
annular travelling hearth carrying the limestone charge. The limestone is calcined by multiple
burners as it rotates on the annular hearth. The combustion air is preheated by surplus heat in
exhaust gases and/or by using it to cool the quicklime. Due to the reduced abrasion compared
with rotary and shaft kilns, rotating hearth kilns produce a high proportion of pebble lime.

2.2.5 Quicklime processing

The objective of processing run-of-kiln (ROK) quicklime is to produce a number of grades with
the particle sizes and qualities required by the various market segments. A number of unit
processes are used, including screening, crushing, pulverising, grinding, air-classifying and
conveying. A well-designed lime processing plant achieves a number of objectives, namely:



Chapter 2 Lime Industry

74 March 2000 PH / EIPPCB / CL_BREF_FINAL

a) maximising the yield of main products,
b) minimising the yield of surplus grades (generally fines),
c) improving the quality of certain products, and
d) providing flexibility to alter the yields of products in response to changes in market demand.

The processing plant should include adequate storage, both for the products and intermediates,
to provide a buffer between the kiln, which is best operated on a continuous basis, and
despatches which tend to be at low levels overnight and at weekends.

ROK lime is often screened (typically at about 5 mm) to remove a less pure “primary” fines
fraction. If the ROK lime has a top size in excess of (say) 45 mm, it is reduced in size with the
minimum production of fines. Jaw and rolls crushers are widely used for this task. The crushed
ROK lime is then fed to a multi-deck screen, which produces a secondary fines fraction (e.g.
less than 5 mm), and granular, or “pebble”, lime fractions (e.g. 5-15 mm and 15-45 mm).
Oversize lumps (e.g., greater than 45 mm) may be crushed in a secondary crusher and recycled
to the multi-deck screen.

The products are stored in bunkers, from which they can be either despatched directly, or
transferred to another plant for grinding or hydrating.

Production of ground quicklime

The demand for various grades and qualities of ground quicklime has grown rapidly ever since
the 1950s. Particle size requirements vary from relatively coarse products used for soil
stabilisation to very finely divided products for specialist applications.

The coarser products are produced relatively cheaply in a single pass through a beater mill
fitted with an integral basket. Finer products are generally produced in tube mills and vertical
roller mills. In the latter case, a variable speed classifier is fitted above the mill to control the
grading of the product, and recycle over-sized particles.

In the late 1980s, the high pressure roll mill was developed for the cement industry and is
increasingly being used for quicklime. The product is passed through the grinding rolls, which
effectively produce a flake. It is then fed to a dis-agglomerator and an air classifier which
removes particles of the required fineness and recycles the coarse fraction. The power
requirements of this system can be less than half those of ball mills and less than 60% of the
ring-roll mills.

2.2.6 Production of Slaked lime

Slaked lime includes hydrated lime (dry calcium hydroxide powder), milk of lime and lime
putty (dispersions of calcium hydroxide particles in water).

Production of hydrated lime

The hydration of lime involves the addition of water in a hydrator (CaO + H2O → Ca(OH)2).
The quantity of water added is about twice the stoichiometric amount required for the hydration
reaction. The excess water is added to moderate the temperature generated by the heat of
reaction by conversion to steam. The steam, which is laden with particulates, passes through
abatement equipment prior to discharge to atmosphere.
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There are many designs of equipment but technically the hydrator, see Figure 2.9, consists of
pairs of contra-rotating screw paddles which vigorously agitate the lime in the presence of
water. A strong exothermic reaction takes place generating 1140 kJ per kg CaO. The average
residence time of the solids in the main reactor is about 15 minutes.

The heat release causes a vigorous boiling action which creates a partially fluidised bed. Dust is
entrained in the steam evolved during the process. If this dust is collected in a wet scrubber a
milk of lime suspension is produced, which is normally returned to the hydrator.

After hydration the product is transferred to an air-swept classifier where the coarse and fine
fractions are separated using a recycling air stream. Some or all of the coarse fraction may be
ground and recycled. The fine fraction is conveyed to storage silos. From here it is either
discharged to bulk transport or transferred to a packing plant where it is packed in sacks or
intermediate bulk containers.

Figure 2.9: Flowsheet of a 3-stage lime hydrator
[EuLA, (Pfeiffer AG, Germany)]

Production of milk of lime and lime putty

Milk of lime and lime putty is produced by slaking of lime with excess water. Slaking is done in
both batch and continuous slakers. The term milk of lime is used to describe a fluid suspension
of slaked lime in water. Milks of lime may contain up to 40% by weight of solids. Milk of lime
with a high solids content is sometimes called lime slurry. Lime putty is a thick dispersion of
slaked lime in water. Putties typically contain 55 to 70% by weight of solids. Lime paste is
sometimes used to describe a semi-fluid putty.

1. Silo for lime
2. Lime proportioning
3. Water proportioning
4. Hydration unit
5. Filter
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2.2.7 Storage and handling

Storage

Storage of quicklime

Quicklime is preferably stored in dry conditions, free from draughts to limit air slaking. Great
care is exercised to ensure that water is excluded from the lime, as hydration liberates heat and
causes expansion, both of which could be dangerous.

Air pressure discharge vehicles are able to blow directly into the storage bunker, which is fitted
with a filter to remove dust from the conveying air. The filter should be weatherproof and
watertight. The collected dust can be discharged back into the bunker. A pressure/vacuum relief
device fitted to the bunker is a precautionary measure.

All storage containers can be fitted with devices which can positively seal the base of the
bunker to enable maintenance work to be done on the discharge mechanism.

Where the amount of quicklime is insufficient to justify storage bunkers the product may be
stored on a concrete base, preferably in a separate bay within a building to prevent excessive air
slaking.

Storage of hydrated lime

Hydrated lime absorbs carbon dioxide from the atmosphere, forming calcium carbonate and
water. Therefore, it is best stored in dry draft-free conditions.

Hydrate bagged in paper sacks is preferably stored under cover to avoid deterioration by
moisture, and re-carbonation of the hydrated lime. When “Big bags” are used, they are also best
stored under cover to prevent any damage. Pallets of bagged hydrate have been stored
successfully out-of-doors; the pallet covered by a plastic sheet, the bags placed on the sheet and
the pack shrink-wrapped.

Bulk hydrate is stored in silos, which must be completely weatherproof. The silo is vented via a
bag filter, which should be weatherproof and be capable of handling the delivered airflow.
Where the filter is fitted on top of the silo, the collected dust is discharged back into the silo.
The silo top can be fitted with an inspection manhole and a pressure relief valve. A high level
indicator or alarm can be fitted to prevent over-filling. It is recommended that the base of the
silo be at an angle of at least 60° to the horizontal, the discharge aperture not less than 200 mm
and that a positive cut-off valve is fitted to the outlet to permit equipment beneath the silo to be
maintained.

Because hydrated lime is prone to “arching”, suitable arch-breaking devices, such as aeration
pads, vibrators and mechanical devices, are fitted to prevent this. Conversely, precautions need
to be taken to prevent “flooding” of aerated powder.

Storage of milk of lime

Many customers requiring addition of slaked lime to their process have found that milk of lime
is a convenient form to store and handle. Providing certain precautions are taken, it can be
handled as a liquid.
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Any storage and handling system has to pay proper attention to the fact that when milk of lime
is diluted with water, or when hydrated lime is dispersed in water, any carbonate hardness in
the water will be deposited as calcium carbonate. Unless appropriate action is taken, this will
result in scaling on the walls of pipes and on the impeller and casing of pumps. Two approaches
can be adopted. Either the system can be designed to cope with scale formation, or action can
be taken to prevent or minimise scaling.

It is important to prevent settling in milk of lime systems as the resulting putty can be difficult
to re-disperse. Storage tanks should therefore be agitated. The degree of agitation can be low
and should avoid forming a vortex, which would increase absorption of carbon dioxide from the
atmosphere.

The discharge pipe from a storage vessel inevitably constitutes a dead-leg and provision can be
made for back-flushing with water to remove any blockages. The storage area should be
suitably bunded.

Handling

Many types of equipment are suitable for transferring the product and new ones are continually
being developed. The following items have been used successfully, but may not be suitable for
all applications.

Skip hoists can be used for all granular and lump grades but are more suitable for particles
greater than 100 mm. Elevators - both belt-and-bucket and chain-and-bucket elevators have
been used for all grades of quicklime. Drag-link conveyors are suitable for granular and fine
quicklime. They are generally used for horizontal or inclined transfer. Conveyor belts are
widely used for transferring lump and granular grades horizontally and on an upward slope.
Screw conveyors are widely used for fine quicklime. Vibrating trough conveyors have been
used for particle sizes up to 40 mm. They operate more successfully when there is a slight
downward slope from the feed to the discharge point.

Pneumatic conveying can be used for products with a maximum size up to 20 mm and often has
a lower capital cost than alternatives, but the operating costs are higher. The product is fed into
a rotary blowing seal connected to a blower. The pipeline bore, and volume/pressure of the
blowing air, is designed taking into account the size of lime being conveyed, the transfer rate
and the length/route of the pipeline. The receiving silo is equipped with an air filter and a
pressure relief valve.

2.2.8 Other types of lime

2.2.8.1 Production of calcined dolomite

Dolomite is calcined in both shaft and rotary kilns. Three qualities of calcined dolomite are
produced - light-burned, dead-burned and half-burned.

Light-burned dolomite is generally produced in either rotary or shaft kilns. The principles of
making light-burned dolomite are similar to those of making high calcium quicklime. Less heat
is used owing to the lower heat of calcination and the lower dissociation temperature of
dolomite (MgCO3).

Dead-burned dolomite is produced in two grades. A high purity grade, used for the manufacture
of refractories, is made by calcining dolomite at temperatures of up to 1800 °C in either rotary
or shaft kilns. A “fettling” grade is produced by the calcination of dolomite with 5 to 10% iron
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oxide at 1400 to 1600 °C, usually in a rotary kiln. The exhaust gases from both of these
processes are at higher temperatures than from other lime kilns; they are generally cooled to
below 420 oC using heat exchangers, tempering air or injection of atomised water.

Half-burned dolomite (CaCO3-MgO) is produced by the slow calcination of dolomite at about
650 °C. It is produced in relatively small quantities and Germany is the only country in Europe
to manufacture it.

2.2.8.2 Production of hydraulic limes

Natural hydraulic limes are produced from siliceous or argillaceous limestones containing more
or less silica, alumina and iron. Typical levels in the limestone are; SiO2: 4 to 16%, Al2O3: 1 to
8% and Fe2O3: 0.3 to 6%. The calcium plus magnesium carbonate content can range from 78 to
92%.

The limestone is generally calcined in shaft kilns which must be controlled closely to ensure
that as much of the silica and alumina as possible reacts, without sintering the free lime.
Typical calcining temperatures are 950-1250 °C: the required temperature rises as the
cementation index increases (i.e. from feebly to eminently hydraulic limes).

The calcined lime is hydrated with sufficient water to convert the free CaO into Ca(OH)2. If the
free CaO content is greater than 10 to 15%, the hard sintered lumps disintegrate into a powder.
Otherwise, the lime must be ground before hydration. It may also be necessary to grind the
hydrated product to achieve the required degree of fineness and setting rate.

“Special” natural hydraulic limes are produced by intimately blending powdered natural
hydraulic limes with powdered pozzolanic or hydraulic materials. Artificial hydraulic limes are
produced by intimately blending powdered hydrated limes with pulverised pozzolanic or
hydraulic materials.

2.2.9 Captive lime kilns

2.2.9.1 Lime kilns in the Iron and steel industry

Most of the lime used in the iron and steel industry is for fluxing impurities in the basic oxygen
furnace. Lime is also used in smaller quantities in the sinter strand process for the preparation
of iron ore, in the desulphurisation of pig iron, as a fluxing agent in other oxygen steelmaking
processes, in the electric arc steelmaking process and in many of the secondary steelmaking
processes.

The lime kilns in the Iron and steel industry are mainly shaft kilns of different designs and
capacities. They do not differ in consumption/emission patterns from non-captive lime kilns.

2.2.9.2 Lime kilns in the Kraft pulp industry

There are about 100 lime kilns in the European Paper industry. They are all rotary kilns with
capacities between 30-400 tonnes of burned lime per day. Most of the kilns are long rotary
kilns, but there are also some modern preheater rotary kilns.

The long rotary lime kilns are usually fed with a slurry of calcium carbonate with a water
content of 30%. The basic fuel is normally natural gas or oil. In addition, non-condensable
gases produced in several areas of the pulping process are usually burned, increasing the
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content of H2S, organic sulphur compounds and SO2 in the stack gases. In some cases sawdust
and gases obtained by gasification of biomass are also used as fuel.

Venturi type wet scrubbers and electrostatic precipitators (for particular matter) are normally
installed to clean the exhaust gases.

2.2.9.3 Lime kilns in the Sugar industry

Most of the lime kilns in the European Sugar industry are mixed feed shaft kilns. The majority
of the kilns produce 50 to 350 tonnes of quicklime per day during the sugar campaign, which,
in the 1997/1998 season, lasted between 63 and 170 days, with an average of 86 days.

The quicklime and the CO2 in the exhaust gas are both used in sugar factories. The gas
produced by the kiln is captured and most of it is dedusted in a wet scrubber before use in the
sugar process (carbonatation). Most of the CO2 recombines with the milk of lime in the limed
juice to give CaCO3.

The most common fuel in sugar industry lime kilns is coke. This is mainly because the product
gas contains more CO2 (40-42% CO2 by volume) than product gas from oil or gas fired kilns
(28-32% CO2 by volume).

The consumption levels (limestone and fuel) for sugar industry lime kilns are about the same as
for the same types of lime kiln in other sectors.
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2.3 Present consumption/emission levels

The main environmental issues associated with lime production are air pollution and the use of
energy. The lime burning process is the main source of emissions and is also the principal user
of energy. The secondary processes of lime slaking and grinding can also be of significance,
while subsidiary operations (namely crushing, screening, conveying, storage and discharge) are
relatively minor in terms of both emissions and energy usage.

2.3.1 Consumption of limestone

Lime production generally uses between 1.4 and 2.2 tonnes of limestone per tonne of saleable
quicklime. Consumption depends on the type of product, the purity of the limestone, the degree
of calcination and the quantity of waste products (dust carried from the kiln in the exhaust
gases, for example).

2.3.2 Use of energy

Calcining of limestone

Typical heat and electrical power use by various types of lime kiln are shown in Table 2.8.
Energy use for a given kiln type also depends on the quality of the stone used and on the degree
of conversion of calcium carbonate to calcium oxide.

The heat of dissociation of calcium limestone is 3200 MJ/tonne. The net heat use per tonne of
quicklime varies considerably with kiln design. Rotary kilns generally require more heat than
shaft kilns. The heat use tends to increase as the degree of burning increases.

The use of electricity varies from a low range of 5-15 kWh/tonne of lime for mixed-feed shaft
kilns, to 20-40 kWh/tonne for the more advanced designs of shaft kiln and for rotary kilns.

Kiln type heat use
(MJ/tonne lime)

kiln electricity use
(kWh/tonne lime)

Calcium quicklime, light- and hard-burned dolomite
Mixed feed shaft kiln 4000-4700 5-15
Double-inclined shaft kiln 4300 30
Multi-chamber shaft kiln 4000-4500 20-45
Annular shaft kiln 4000-4600 18-35
Parallel-flow regenerative shaft kiln 3600-4200 20-40
Other shaft kilns 4000-5000 10-15
Long rotary kiln a 6500-7500 18-25
Grate preheater rotary kilns a 5000-6100 35-100
Shaft preheater rotary kilns a 4800-6100 17-45
Cyclone preheater rotary kilns a 4600-5400 23-40
Travelling grate kiln 3700-4800 31-38
Gas suspension calcination 4600-5400 20-25
Fluidised bed kiln 4600-5400 20-25

Dead-burned dolomite
Mixed feed shaft kiln 6500-7000 20
Grate preheater rotary kiln 7200-10500 35-100
a) producing reactive calcium quicklime

Table 2.8: Typical heat and electricity use by various types of lime kiln
[EuLA], [UK IPC Note, 1996], [Jørgensen]
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Lime hydrating

The hydrating process is exothermic, so excess water is added to control the temperature in the
hydrators. This excess water is converted into steam, which is discharged into the atmosphere,
together with a small amount of air that is drawn into the hydrator to prevent moisture and dust
from entering the plant/quicklime feed equipment, and to assist in the evaporation of excess
water.

The energy requirements to operate the hydrators, air classifiers and conveying equipment
amounts to approximately 5 to 30 kWh/tonne of quicklime.

Lime grinding

The energy use in lime grinding varies from 4 to 10 kWh/tonne of quicklime for the coarser
grades (for example, those used for soil stabilisation) to 10 to 40 kWh/tonne of quicklime for
the finer grades. The amount of energy required also depends on the equipment used. Fine
impact mills can be used for the coarser products. Ball mills, ring-roll mills and high-pressure
mills plus dis-agglomerators (with progressively lower specific energy use) are used for making
finer products.

2.3.3 Emissions

Emissions to the atmosphere include nitrogen oxides (NOx), sulphur dioxide (SO2), carbon
oxides (CO, CO2) and dust. The emissions depend on kiln design, operating conditions, the fuel
used and lime/limestone quality. The level of carbon dioxide emission is related to the
chemistry of the calcination and combustion processes. Typical emissions are quoted in each
section for NOx, SO2, dust and CO.

2.3.3.1 Oxides of nitrogen

Shaft kilns generally emit less NOx than rotary kilns. This is because the temperatures in shaft
kilns are usually below 1400 oC, so that the formation of thermal NOx (by reaction of nitrogen
with oxygen) is comparatively lower. Additionally, the combustion processes usually produce
relatively lower flame temperatures, and low-intensity mixing conditions, resulting in lower
levels of fuel NOx. Where, however, shaft kilns are used to produce hard-burned calcium limes,
or dead-burned dolomite, higher levels of NOx are produced.

In rotary kilns, the flame is better defined and flame temperatures are higher than in shaft kilns,
which results in higher levels of fuel NOx. Moreover, because of the different heat transfer
processes, the maximum temperature of the kiln gases is also higher, resulting in increased
thermal NOx levels. The production of dead-burned dolomite in rotary kilns results in still
higher NOx levels.

Typical emissions of NOx from various types of lime kiln are shown in Table 2.9.
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Kiln type mg NOx/Nm3 1 kg NOx/tonne lime 2

Calcium quicklime, light- and hard-burned dolomite
Mixed feed shaft kiln <300 <1
Double-inclined shaft kiln <500 <1.7
Multi-chamber shaft kiln 500-800 1.7-2.8
Annular shaft kiln <500 <1.7
Parallel-flow regenerative shaft kiln <400 <1.4
Other shaft kilns <300 <1
Rotary kilns, soft burning 100-700 0.4-2.8
Rotary kilns, hard burning 400-1800 1.6-7
Travelling grate kiln <300 <1

Dead-burned dolomite
Mixed feed shaft kiln <300 <1
Rotary kilns 2000-5000 15-45
1) Emission concentrations are one year averages, and are indicative values based on various measurement

techniques. O2 content normally 10%.
2) based on typical exhaust gas volumes (wet) of

3500 Nm3/tonne of lime for shaft and travelling grate kilns,
4000 Nm3/tonne of lime for rotary kilns calcining high-calcium limestone and dolomite,
1900 Nm3/tonne of lime for mixed feed shaft kilns dead-burning dolomite, and
8500 Nm3/tonne of lime for rotary kilns dead-burning dolomite.

Table 2.9: Typical emissions of NOx from some types of lime kiln
[EuLA]

2.3.3.2 Sulphur dioxide

Typical emissions of SO2 from various types of lime kiln are shown in Table 2.10.

Kiln type mg SO2/Nm3 1 kg SO2/tonne lime 2

Calcium quicklime, light- and hard-burned dolomite
Mixed feed shaft kiln <300 <1
Double-inclined shaft kiln <500 <1.7
Multi-chamber shaft kiln <500 <1.7
Annular shaft kiln <300 <1
Parallel-flow regenerative shaft kiln <300 <1
Other shaft kilns <300 <1
Rotary kilns, soft burning <800 3 <3
Rotary kilns, hard burning <800 3 <3
Travelling grate kiln <300 <1

Dead-burned dolomite
Mixed feed shaft kiln <800 <1.5
Rotary kilns <5000 <42.5
1) Emission concentrations are one year averages, and are indicative values based on various measurement

techniques. O2 content normally 10%.
2) Based on typical exhaust gas volumes (wet) of

3500 Nm3/tonne of lime for shaft and travelling grate kilns,
4000 Nm3/tonne of lime for rotary kilns calcining high-calcium limestone and dolomite,
1900 Nm3/tonne of lime for mixed feed shaft kilns dead-burning dolomite, and
8500 Nm3/tonne of lime for rotary kilns dead-burning dolomite.

3) May be higher with high-sulphur fuels.

Table 2.10: Typical emissions of SO2 from some types of lime kiln
[EuLA]
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In the majority of lime burning operations most of the sulphur present in the limestone and the
fuel is captured by the quicklime. In shaft kilns and fluidised bed kilns, the efficient contact
between the kiln gases and the quicklime usually ensures efficient absorption of sulphur
dioxide. This is also generally valid for rotary and other kilns, with packed-bed preheaters.

However, where low sulphur quicklime is produced in rotary kilns, and hard-burned calcium
lime/dead-burned dolomite in either shaft or rotary kilns, part of the sulphur in the fuel and
limestone is expelled as sulphur dioxide in the exhaust gases.

2.3.3.3 Dust

Calcining of limestone

Dust generation arises from finely divided particles in the limestone feed, from thermal and
mechanical degradation of the lime and limestone within the kiln, and, to a lesser extent, from
fuel ash. The levels of dust generation vary widely, depending on kiln design among other
things, and range from 500 to over 5000 mg/Nm3, corresponding to approximately 2 to 20
kg/tonne of quicklime (based on 4000 Nm3/tonne lime). All rotary kilns are fitted with dust
collection equipment, as are most shaft kilns.

Because of the wide range of exhaust gas conditions, a variety of dust collectors are used,
including cyclones, wet scrubbers, fabric filters, electrostatic precipitators and gravel bed
filters. After abatement, emissions typically range from 30 to 200 mg/Nm3, about 0.1 to 0.8
kg/tonne of quicklime (based on 4000 Nm3/tonne lime).

Lime hydrating

The gaseous effluent from hydrating plants is rather small in volume; levels are around 800
m3/tonne of hydrated lime, but it may contain 2 g/m3 of dust before abatement. Thus the
generation of dust can be about 1.6 kg/tonne of hydrated lime. Both wet scrubbers and bag
filters are used to de-dust the emission.

Emission levels after abatement range from 20 to over 200 mg/Nm3, corresponding to
approximately 0.016 to 0.16 kg/tonne of hydrated lime.

Lime grinding

Air is drawn through all of the grinding equipment to remove ground lime of the required
particle size. The product is separated from the air in bag filters, often preceded by cyclones.
Thus, dust collection is an integral part of the process.

Emission levels typically range from 20 to 50 mg/Nm3, corresponding to 0.03 to 0.075 kg/tonne
of lime (at a typical air flow of 1500 Nm3/tonne of lime).

Subsidiary operations

Subsidiary operations may include crushing, screening, conveying, slaking, storage and
discharge. Dust emission is controlled by containment and, in many cases, by extracting air to
keep the equipment under slight suction. The air is passed through bag filters and the collected
dust is generally returned to the product.
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Fugitive dust from, for example, stock piles of raw materials and solid fuels can cause
problems.

2.3.3.4 Oxides of carbon

The dissociation of limestone produces up to 0.75 tonne of carbon dioxide (CO2) per tonne of
quicklime, depending on the composition of the limestone and the degree of calcination. The
amount of carbon dioxide produced by combustion depends on the chemical composition of the
fuel and on the heat use per tonne of quicklime, generally it is in the range 0.2 to 0.45 tonne
CO2 per tonne of quicklime.

In recent years, the emission of carbon dioxide per tonne of quicklime in most countries has
been reduced, mainly by replacing old kilns with more thermally efficient designs, and by
increasing the productivity (reducing the amounts of waste dust). The German and French lime
industries have entered into voluntary agreements to reduce CO2 emissions, and in the UK it
has been calculated that the emission of CO2 per tonne of lime decreased by approximately
20% in the 15 years up to 1994.

When resulting from incomplete combustion, carbon monoxide (CO) emissions generally
represent a loss of efficiency. However, in some types of kiln, and when making certain
products, controlled levels of carbon monoxide are necessary to produce the required
combustion conditions and product quality.

Some limestones contain carbon, which can lead to higher CO emissions from the lime burning
process.

Typical emissions of CO from various types of lime kiln are shown in Table 2.11.

Kiln type g CO/Nm3 1 kg CO/tonne lime 2

Calcium quicklime, light- and hard-burned dolomite
Mixed feed shaft kiln 12-37 42-130
Double-inclined shaft kiln <1.4 <5
Multi-chamber shaft kiln <1.4 <5
Annular shaft kiln <1.4 <5
Parallel-flow regenerative shaft kiln <1.4 <5
Other shaft kilns <14 <50
Rotary kilns, soft burning 1.2-12 5-50
Rotary kilns, hard burning 1.2-12 5-50
Travelling grate kiln <1.3 <4

Dead-burned dolomite
Mixed feed shaft kiln 37-63 70-120
Rotary kilns 0.6-6 5-50
1) Emission concentrations are one year averages, and are indicative values based on various

measurement techniques. O2 content normally 10%.
2) Based on typical exhaust gas volumes (wet) of

3500 Nm3/tonne of lime for shaft and travelling grate kilns,
4000 Nm3/tonne of lime for rotary kilns calcining high-calcium limestone and dolomite,
1900 Nm3/tonne of lime for mixed feed shaft kilns dead-burning dolomite, and
8500 Nm3/tonne of lime for rotary kilns dead-burning dolomite.

Table 2.11: Typical emissions of CO from some types of lime kiln
[EuLA]
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2.3.3.5 Other substances

Volatile organic compounds

Emissions of volatile organic compounds (VOCs) may occur for short periods during start-up,
or upset conditions. Such events can occur with varying frequencies: between once or twice per
year for rotary kilns to once per 1 to 10 years for shaft kilns. In a very limited number of cases
where the limestone contains a significant amount of organic matter, volatile organic
compounds can be emitted continuously.

Polychlorinated dibenzodioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs)

Raw materials or fuels that contain chlorides may potentially cause the formation of
polychlorinated dibenzodioxins (PCDD) and polychlorinated dibenzofurans (PCDF) in the heat
(combustion) process of the lime kiln. Data reported in the document “Identification of
Relevant Industrial Sources of Dioxins and Furans in Europe” indicate that lime production
plants are of minor significance for the total PCDD/F emissions in Europe. [Materialien, 1997]
Measurements collected by EuLA from 7 kilns, of which 4 are rotary kilns and 3 are shaft kilns,
show dioxin levels below 0.1 ng TCDD-equivalents/Nm3. Measurements at 2 annular shaft
kilns in Germany were all below 0.05 ng TE/m3 [LAI, 1994].

However, the scarcity of measurements means it can not be ruled out that individual plants may
be found in Europe with a local impact [Materialien, 1997]. Significant levels of dioxins have
been measured at 3 kilns, 2 rotary kilns and 1 shaft kiln, in Sweden. The measurements were
made between 1989 and 1993 and the measured levels were between 4.1 and 42 ng/TCDD-
equivalents (Nordic)/Nm3. All measurements of high dioxin levels have been explained either
by the raw material and/or fuel content, or the less than optimum burning conditions,
underlining the importance of controlling the kiln inputs and maintaining a stable kiln
operation. Two of these plants use limestone with a natural content of tar, also causing high
emissions of VOCs. One measurement of 12.1 ng/m3 was made at a rotary kiln after a change of
fuel from coal to oil was carried out in a much shorter period of time than normal. The
measurement of 42 ng/m3 was made at a rotary kiln during a full scale trial with waste oil as
fuel. Because of the high dioxin value the kiln was not permitted to use this waste fuel.
[Branschrapport, 1994][ Junker]

Metals

Little data is available concerning metal emissions. The high purity of most limestones used for
the production of calcium and dolomitic limes means metal emissions are normally low.
Measurements at different types of lime kilns, collected by EuLA, show levels of cadmium,
mercury and thallium well below 0.1 mg/Nm3.

2.3.4 Waste

Early designs of shaft kilns often produce two types of inferior products; an impure fine
fraction (possibly mixed with fuel ash) and a fraction consisting of under-calcined lumps.

Modern kilns make very little out-of-specification product. If such product occurs, it consists
principally of dust collected from the exhaust gases, and typically amounts to 0-5% of the total,
depending on the characteristics of the feedstone and the quicklime. Small quantities of
partially calcined material are produced when the kiln is started-up from cold, and during shut
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down. Such events may occur at frequencies ranging from once per 6 months to once per 10
years.

Some hydrating plants improve the quality of hydrated lime by removing an inferior grade,
consisting of a coarse, carbonate-rich fraction. These inferior grades of material are
incorporated into selected products, wherever possible. Otherwise, they are disposed to landfill.

2.3.5 Noise

Charging lumps of limestone into lime kilns can result in noise at levels which require
abatement. Chutes etc. may be lined internally, or externally with resilient material. Fans used
to exhaust gases from the kiln and positive displacement blowers, which are sometimes used to
supply combustion air, can produce pure tones which require silencing. Outlet silencers and
lagging of ducting are used to achieve the required reduction.

2.3.6 Legislation

An overview of current legislation in the EU is given in Annex A.

2.3.7 Monitoring

According to the European Lime Association, EuLA, the reliability of continuous monitoring
for the lime industry has not been established and is not justified. EuLA is of the opinion that
due to plant size, the stability of the lime manufacturing process and for cost considerations
continuous monitoring is not practical, nor necessary.

It could be appropriate to monitor large rotary lime kilns continuously. There is not much
information available but at least one rotary lime kiln in Germany is monitoring the emissions
of dust and NOx continuously.
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2.4 Techniques to consider in the determination of BAT

The main factors influencing the choice of kiln design are the characteristics of the available
limestone, the lime quality demands, the price of available fuels, and the capacity of the kiln.
Most modern designs of kilns produce reactive lime. Where lime of low reactivity is required,
mixed-feed kilns are often used.

For most new installations, parallel-flow regenerative, annular shaft and other shaft kilns are
preferred. Rotary kilns are used for calcining limestones with smaller particle sizes. Certain
designs of kilns have special characteristics, for example, the travelling grate kiln is particularly
suitable for the production of small batches of different qualities of quicklime.

Table 2.12 gives an overview of techniques that have a positive effect on, that is reduce, the
emissions from the manufacture of lime. The techniques listed are described in more detail
below. A short description, general emission levels (or reduction potential), applicability and
cost information are given when available/appropriate. In addition to these emission-reduction
techniques, the consumption of limestone and the use of energy are discussed in this chapter.

Technique NOx SO2 Dust CO
Shaft kilns Process control

Cyclones
Fabric filters
EPs
Wet scrubbers
Fugitive abatement

X
X
X
X
X

X

Rotary kilns Process control
Fuel selection
Cyclones
Fabric filters
EPs
Wet scrubbers
Fugitive abatement

X
X

X
X

X
X
X
X
X
X
X

X

Milling plants Fabric filters X
Hydrating plants Fabric filters

Wet scrubbers
X
X

Table 2.12: Overview of techniques applicable to the lime industry

2.4.1 Consumption of limestone

Minimum consumption of limestone results from maximising the yields of kilnstone from the
quarry and of saleable quicklime from the kilnstone. This can be achieved by:
•  installing kilns which can be operated with different sizes of limestone,
•  installing two or more types of kiln, which are able to calcine different sizes of limestone

(see Figure 2.10),
•  specific quarrying and well-directed use of limestone (quality, grain size) according to

available kiln types,
•  reducing the production of wastes (for example, dust removed from exhaust gases and out-

of specification quicklime), and/or
•  developing outlets for such wastes.
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Figure 2.10: Grain size distribution – kiln feed – kiln types
[EuLA]

Keeping the consumption of limestone down also includes reducing wastes produced in
hydrating plants (for example dust and, in some cases, removed CaCO3-rich fractions), and
utilising wastes from hydrators and mills.

2.4.2 Use of energy

In most cases new kilns replace old kilns, but some existing kilns have been modified to reduce
fuel energy use. Such modifications range from minor modifications -for example, the
installation of heat exchangers to recover surplus heat in kiln gases or to permit the use of a
wider range of fuels- to major changes in the configuration of the kiln. In some cases, where
shaft kilns have ceased to be economically viable, it has been feasible to convert them to
modern designs, for example converting a simple shaft kiln to the annular shaft design or
linking a pair of shaft kilns to create a parallel-flow regenerative kiln. Conversion extends the
life of expensive items of equipment, such as the kiln structure, the stone feed system and the
lime handling/storage plant. In exceptional cases, it may be economic to shorten long rotary
kilns and to fit a preheater, thus reducing the fuel use.

Heat recovery from the gaseous effluent which is produced by the exothermic reaction of the
lime hydrating process, is used to preheat the water for the hydration of lime. Besides saving
energy, this increase in the water temperature speeds the reaction process.

Electrical energy use can be minimised through the utilisation of energy efficient equipment,
such as high-pressure roll mills.
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Some of the reduction techniques described below, process control optimisation for example,
also have a positive effect on energy use.

2.4.3 Process control optimisation

Maintaining kiln control parameters close to their optimum values has the effect of reducing all
consumption/emission parameters in the lime burning process. This is due to, among other
things, reduced numbers of shut downs and upset conditions. Management systems can be
operated to ensure that good operating and maintenance practices are adopted and followed by
all concerned, and that their observance is monitored.

2.4.4 Choice of fuel

The selection of fuel can influence the emissions from the kiln -especially SO2 emissions from
rotary kilns. Lime producers tend to avoid burning of wastes as fuel because of end use in for
example food industry and water treatment plants. In some cases, where the lime products do
not have too strict purity demands, it may be possible to use waste fuels. The use of suitable
types of waste as fuels can reduce the input of natural resources, but should always be done
with satisfactory control of the substances introduced into the kiln process.

2.4.5 Techniques for controlling NOx emissions

NOx emissions depend mainly on the quality of lime produced and the design of kiln. Low-NOx
burners have been fitted to a few rotary kilns. Other NOx reduction technologies have not been
applied.

The direct transfer of low-NOx burner technology from cement kilns to lime kilns is not
straightforward. In cement kilns, flame temperatures are higher and low-NOx burners have been
developed for reducing high initial levels of ‘thermal NOx’. In most lime kilns the levels of NOx
are lower and the ‘thermal NOx’ is probably less important.

2.4.6 Techniques for controlling SO2 emissions

SO2 emissions, principally from rotary kilns, depend on the sulphur content of the fuel, the
design of kiln and the required sulphur content of the lime produced. The selection of fuels with
low sulphur content can therefore limit the SO2 emissions, and so can production of lime with
higher sulphur contents. There are absorbent addition techniques available, but they are
currently not applied.

2.4.7 Techniques for controlling dust emissions

Rotary kilns are generally equipped with electrostatic precipitators, on account of the relatively
high exhaust gas temperatures. Fabric filters are also used, particularly on preheater kilns,
where exhaust gas temperatures are lower.

Shaft kilns are usually fitted with fabric filters. Wet scrubbers are sometimes used.

Lime grinding plants use fabric filters to collect the product and de-dust the conveying air.
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Hydrating plants, with exhaust gases saturated with water vapour at about 90 oC, are generally
fitted with wet scrubbers, although fabric filters are increasingly being used where the feed lime
has a high reactivity.

Table 2.13 gives an overview of available data of dust emission control techniques in lime
manufacturing.

Emission level Cost 3Technique Applicability Typical prod.
rate (tpa) mg/m3 1 kg/tonne 2 investment operating

Cyclones Mills, kilns,
other processes

- (∼ 90 %) - - -

EP or fabric filter Rotary kiln 150000 <50 <0.2 1.4-3.0 1.0-2.0
Fabric filter Parallel-flow

regen. kiln
100000 <50 <0.2 0.3-1.0 0.5-1.0

Fabric filter Annular shaft
kiln

100000 <50 <0.2 0.3-1.0 0.5-1.0

Fabric filter Other shaft kilns 50000 <50 <0.2 0.15-0.45 0.5-1.0
Fabric filter Lime grinding

systems
150000 <50 0.75 4 0.08-0.45 0.1-1.0

Fabric filter Lime hydrator 50000 <50 <0.04 0.05-0.13 0.1-0.3
Wet scrubber Lime hydrator 50000 <50 <0.04 0.06-0.18 0.1-0.5
Fugitive dust
abatement

All plants - - - - -

1. normally referring to daily averages, dry gas, 273 K, 101.3 kPa and 10% O2, except for hydrating
plants for which conditions are as emitted.

2. kg/tonne lime: based on 4000 Nm3/tonne of lime for rotary kilns, 3500 Nm3/tonne of lime for shaft
kilns and 800 Nm3/tonne of hydrated lime for lime hydrators

3. investment cost in 106 euros and operating cost in euros/tonne lime
4. at 1500 m3/tonne and 50 mg/m3, exhaust gas volumes vary widely depending on installation.

Table 2.13: Overview of techniques to control dust emissions from the manufacturing of lime
[EuLA, 1998], [Ecotechnici, 1986],

There is not much information available about achievable dust emission levels. Experiences
have been reported from individual plants by members of the technical working group. These
include a rotary lime kiln with an EP that is achieving below 20 mg/m3 in routine operation.
Some experiences with fabric filters show that it is possible to achieve less than 5 mg/m3 on a
daily basis, but in some of these cases this has required a change of bags 1-3 times a year.

Emission limit values for dust from lime plants within the European Union range from 25 to
250 mg dust/m3, see Annex A.

2.4.7.1 Cyclones

Cyclones are relatively inexpensive and easy to operate, but particles with small diameters are
not captured effectively. Because of their inherently limited particle removal efficiency, they
are mainly used to preclean the exhaust gases from mills, kilns and other processes. They
relieve EPs and fabric filters from high dust loading, reduce erosion and abrasion problems and
increase overall efficiency. [Ecotechnici, 1986]

Typically cyclones remove about 90% of the dust from lime kilns. [EuLA]
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2.4.7.2 Electrostatic precipitators

Electrostatic precipitators are described in section 1.4.7.1.

Electrostatic precipitators are suitable for use at temperatures above the dew point and up to
370-400 oC (with mild steel construction). Rotary kilns with, and without, preheaters are often
fitted with EPs. In some cases, this is because of the high exhaust gas temperature; in others it
is because the kilns have large productive capacities and, consequently produce large volumes
of gases (the cost of EPs relative to fabric filters fall with increasing size).

Electrostatic precipitators can reliably achieve dust loadings below 50 mg/Nm3. One rotary lime
kiln fitted with an EP has been reported to achieve below 20 mg dust/m3 in routine operation.

When EPs are applied, especially at rotary kilns using coal or petcoke as fuel, it is important to
avoid CO-trips. The number of CO-trips can be reduced by using modern control systems with
fast measuring and control equipment which allow a higher switch-off criteria than the typically
applied 0.5% CO by volume.

2.4.7.3 Fabric filters

Fabric filters are described in section 1.4.7.2.

Fabric filters are generally operated at temperatures above the dew point and up to 180-200 oC
for “Nomex” cloth, and up to 250 oC for filter media such as fibreglass and “teflon”. However,
they can be used at the dew point for treating emissions from hydrating plants. The fabric filter
is then positioned directly above the hydrator, thereby minimising problems with condensation
and return of collected solids to the process. Various types of filter media have been used,
including moisture resistant fibre.

Well maintained fabric filters can reliably reduce dust concentrations to below 50 mg/Nm3. In
some cases less than 5 mg dust/m3 have been achieved on a daily basis with fabric filters, but in
some of these cases this has required a change of bags 1-3 times a year. The cause for the short
life times of the bags is not known for certain in every case. Probable causes include variation
in temperature of the gas due to the cyclic nature of the shaft kiln process, the lime dust
behaviour and insufficient filter area. Insufficient filter area will cause too high filtration speed
when cooling air is bleeding into the filter. The high velocity of the flue gases will reduce the
effectiveness of the bag cleaning. Consequently the pressure of the cleaning air has to be
increased to get the bags cleaned and this will shorten the duration of the bags. A filtration
speed of 0.9-1.2 m/min has been recommended.

In one case the cause of the short life times of the bags was considered to be the insufficient
size of the filter. The problem was solved by enlarging the filter and it is now achieving less
than 5 mg/m3 with a 2 year life time guarantee on the bags [Junker].

Bags of “Gore-Tex” have also been used, and they also have had problems with short life times
in some cases. At one plant the periodically excessive operating temperature was deemed to
cause the problems [Junker].

The fabric filter should have multiple compartments which can be individually isolated in case
of bag failure and it should be sufficient of these to allow adequate performance to be
maintained if a compartment is taken off line. There should be ‘burst bag detectors’ on each
compartment to indicate the need for maintenance when this happens.
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The long term performance level of fabric filters depends on the maintenance of the filter and
how often the bags are changed. The emission level can be very low, but it is costly.
Approximate costs for filter bag replacement are 50 euros per bag including materials, labour
and lost production. A 300 tonnes per day, gas-fired Maerz kiln requires approximately 640
filter bags (3.5 m x 0.15 m “Nomex”). The total cost for a complete change of filter bags could
be estimated at 32000 euros. These figures do not include maintenance of the bag filter other
than bag changes.

2.4.7.4 Wet scrubbers

There are many types of scrubbers, but the venturi scrubber is the most widely used in the lime
industry. The gas is forced to pass through a throat, in which velocities reach 60 to 120 m/s.
Water, added upstream of the throat, is shattered into fine drops by pneumatic forces, and is
thus intimately mixed with the gas. Dust particles, trapped by the droplets, become heavier and
are easily removed in an entrainment separator (usually cyclonic) attached to the venturi
scrubber.

Wet scrubbers are generally chosen when the exhaust gas temperatures are close to, or below
the dew point. They are sometimes used with higher temperature gases, in which case, the
water cools the gases and reduces their volume. Wet scrubbers may also be chosen if space is
limited.

2.4.7.5 Fugitive dust abatement

Good housekeeping can reduce the emission of fugitive dust. Techniques applied for the
abatement of fugitive dust in the lime industry are the same as in the cement industry; these are
described in section 1.4.7.3.

2.4.8 Waste

In most cases, the collected dust is principally calcium carbonate, with varying amounts of
calcium oxide, fuel ash and clay. Disposal techniques for the collected dust ranges from
incorporation into commercial products (for example, building lime, lime for soil stabilisation,
hydrated lime and pelletised products) to landfill.

Where wet scrubbers are used, the collected suspension is settled, the liquor is generally
recycled and the wet solids are in most cases landfilled.
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2.5 Best available techniques for the lime industry

In understanding this chapter and its contents, the attention of the reader is drawn back to the
preface of this document and in particular the fifth section of the preface: “How to understand
and use this document”. The techniques and associated emission and/or consumption levels, or
ranges of levels, presented in this chapter have been assessed through an iterative process
involving the following steps:
•  identification of the key environmental issues for the sector; for the manufacture of lime

these are emissions to air and energy use. The emissions to air from lime plants include
nitrogen oxides (NOx), sulphur dioxide (SO2), carbon monoxide (CO) and dust;

•  examination of the techniques most relevant to address those key issues;
•  identification of the best environmental performance levels, on the basis of the available

data in the European Union and world-wide;
•  examination of the conditions under which these performance levels were achieved; such as

costs, cross-media effects, main driving forces involved in implementation of this
techniques;

•  selection of the best available techniques (BAT) and the associated emission and/or
consumption levels for this sector in a general sense all according to Article 2(11) and
Annex IV of the Directive.

Expert judgement by the European IPPC Bureau and the relevant Technical Working Group
(TWG) has played a key role in each of these steps and in the way in which the information is
presented here.

On the basis of this assessment, techniques, and as far as possible emission and consumption
levels associated with the use of BAT, are presented in this chapter that are considered to be
appropriate to the sector as a whole and in many cases reflect current performance of some
installations within the sector. Where emission or consumption  levels “associated with best
available techniques” are presented, this is to be understood as meaning that those levels
represent the environmental performance that could be anticipated as a result of the application,
in this sector, of the techniques described, bearing in mind the balance of costs and advantages
inherent within the definition of BAT. However, they are neither emission nor consumption
limit values and should not be understood as such. In some cases it may be technically possible
to achieve better emission or consumption levels but due to the costs involved or cross media
considerations, they are not considered to be appropriate as BAT for the sector as a whole.
However, such levels may be considered to be justified in more specific cases where there are
special driving forces.

The emission and consumption levels associated with the use of BAT have to be seen together
with any specified reference conditions (e.g. averaging periods).

The concept of “levels associated with BAT” described above is to be distinguished from the
term “achievable level” used elsewhere in this document. Where a level is described as
“achievable” using a particular technique or combination of techniques, this should be
understood to mean that the level may be expected to be achieved over a substantial period of
time in a well maintained and operated installation or process using those techniques.

Where available, data concerning costs have been given together with the description of the
techniques presented in the previous chapter. These give a rough indication about the
magnitude of costs involved. However, the actual cost of applying a technique will depend
strongly on the specific situation regarding, for example, taxes, fees, and the technical
characteristics of the installation concerned. It is not possible to evaluate such site-specific
factors fully in this document. In the absence of data concerning costs, conclusions on
economic viability of techniques are drawn from observations on existing installations.
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It is intended that the general BAT in this chapter could be used to judge the current
performance of an existing installation or to judge a proposal for a new installation and thereby
assist in the determination of appropriate "BAT-based" conditions for that installation. It is
foreseen that new installations could be designed to perform at or even better than the general
“BAT” levels presented here. It is also considered that many existing installations could
reasonably be expected, over time, to move towards the general “BAT” levels or do better.

While the BREFs do not set legally binding standards, they are meant to give information for
the guidance of industry, Member States and the public on achievable emission and
consumption levels when using specified techniques. The appropriate limit values for any
specific case will need to be determined taking into account the objectives of the IPPC
Directive and the local considerations.

Emission levels given below are expressed on a daily average basis and standard conditions of
273 K, 101.3 kPa, 10% oxygen and dry gas, except for hydrating plants for which conditions
are as emitted.

General primary measures

Best available techniques for the manufacturing of lime includes the following general primary
measures:

•  A smooth and stable kiln process, operating close to the process parameter set points, is
beneficial for all kiln emissions as well as the energy use. This can be obtained by
applying:
- Process control optimisation.

•  Minimising fuel energy use by means of:
- Heat recovery from exhaust gases.

•  Minimising electrical energy use by means of:
- Utilisation of mills and other electricity based equipment with high energy efficiency.

•  Minimising limestone consumption by means of:
- Kiln selection to make optimum use of quarried limestone;
- Specific quarrying and well-directed use of limestone (quality, grain size).

•  Careful selection and control of substances entering the kiln can reduce/avoid emissions:
- Selection of fuels with low contents of sulphur (rotary kilns in particular), nitrogen and

chlorine.
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Dust

Best available techniques for reducing dust emissions are the combination of the above
described general primary measures and:

•  Minimisation/prevention of dust emissions from fugitive sources as described in section
1.4.7.3.

•  Efficient removal of particulate matter from point sources by application of:
- Fabric filters with multiple compartments and ‘burst bag detectors’
- Electrostatic precipitators
- Wet scrubbers

The BAT emission level associated with these techniques is 50 mg/m3. This emission level can
be achieved by fabric filters and/or electrostatic precipitators and/or wet scrubbers at the
various types of installations in the lime industry.

Waste

The utilisation of dust, out-of-specification quicklime and hydrated lime in selected commercial
products is considered to constitute BAT.



Standardeinleitung zum Kapitel mit den Schlussfolgerungen bezüglich BVT

Zum Verständnis dieses Kapitels und seines Inhalts möge der Leser zum Vorwort dieses Dokuments
zurückkehren, insbesondere zum fünften Abschnitt: „Anleitung zum Verständnis und zur Benutzung des
Dokuments". Die Bewertung der in diesem Kapitel vorgestellten Verfahren und der damit verbundenen
Emissions- und/oder Verbrauchswerte oder Wertebereiche erfolgte iterativ in folgenden Schritten:

● Ermittlung der wichtigsten Umweltprobleme in der entsprechenden Branche;

● Prüfung der wichtigsten Verfahren zur Behandlung dieser Umweltprobleme;

● Ermittlung der besten Umweltschutzleistungen auf der Grundlage der in der Europäischen Union und
weltweit verfügbaren Daten;

● Prüfung der Bedingungen, unter denen diese Leistungen erreicht wurden, wie Kosten,
medienübergreifende Wirkungen, wichtigste treibende Kräfte bei der Umsetzung dieser Verfahren;

● Auswahl der besten verfügbaren Techniken (BVT) und der damit verbundenen Emissions- und/oder
Verbrauchswerte für diese Branche im Allgemeinen gemäß Artikel 2 Absatz 11 und Anhang IV der
Richtlinie.

Die Beurteilung durch Sachverständige des Europäischen Büros für die integrierte Vermeidung und
Verminderung der Umweltverschmutzung (IPPC-Büro) und der einschlägigen technischen Arbeitsgruppe
(TWG) hat bei jedem dieser Schritte und der Wahl der Darstellungsform eine Schlüsselrolle gespielt.

Auf Grundlage dieser Beurteilung werden in diesem Kapitel Techniken und - soweit dies möglich ist – die
mit der Anwendung von BVT verbundenen Emissions- und Verbrauchswerte dargestellt, die insgesamt
für die Branche als geeignet angesehen werden und in vielen Fällen die derzeitigen Leistungen einiger
Anlagen in diesem Industriezweig widerspiegeln. Sofern „mit den besten verfügbaren Techniken
verbundene" Emissions- oder Verbrauchswerte angegeben werden, ist dies so zu verstehen, dass diese
Werte die Umweltschutzleistung darstellen, die als Ergebnis der Anwendung der beschriebenen
Techniken in dieser Branche zu erwarten wäre. Dabei ist das mit der Definition von BVT verbundene
Kosten-/Nutzen-Verhältnis bereits berücksichtigt. Es handelt sich jedoch nicht um Emissions- und
Verbrauchsgrenzwerte, und sie sollten nicht als solche aufgefasst werden. In einigen Fällen mag es
technisch möglich sein, bessere Emissions- oder Verbrauchswerte zu erreichen, aber wegen der damit
verbundenen Kosten oder medienübergreifenden Erwägungen werden sie nicht als geeignete BVT für die
gesamte Branche angesehen. Doch können solche Werte in bestimmten Fällen gerechtfertigt sein, wenn
besondere Umstände dies fordern.

Die mit den BVT verbundenen Emissions- und Verbrauchswerte müssen gemeinsam mit den
angegebenen Referenzbedingungen (z.B. Mittelungszeiträume) betrachtet werden.

Das oben beschriebene Konzept der „mit den BVT verbundenen Werte" ist von dem an anderer Stelle in
diesem Dokument verwandten Begriff „erreichbarer Wert" zu unterscheiden. Wird ein Wert bei
Verwendung einer bestimmten Technik oder einer Kombination von Techniken als ,,erreichbar"
beschrieben, so ist dies so zu verstehen, dass die Einhaltung dieses Wertes über einen längeren
Zeitraum in einer gut gewarteten und betriebenen Anlage bzw. einem Prozess unter Verwendung dieser
Techniken erwartet werden kann.

Wo Kostendaten verfügbar waren, wurden sie zusammen mit der Beschreibung der im vorigen Kapitel
vorgestellten Techniken genannt. Sie geben einen groben Hinweis auf die Größenordnung der damit
verbunden Kosten. Die tatsächlichen Kosten der Anwendung einer Technik hängen jedoch stark vom
Einzelfall ab, z.B. von Steuern, Gebühren und den technischen Merkmalen der betreffenden Anlage.
Solche standortspezifischen Faktoren können in diesem Dokument nicht erschöpfend behandelt werden.
Liegen keine Kostendaten vor, dann beruhen die Schlussfolgerungen über die wirtschaftliche
Vertretbarkeit der Techniken auf Beobachtungen bei bestehenden Anlagen.

Die allgemeinen BVT in diesem Kapitel sollen künftig als Referenz dienen, auf die sich die
Leistungsbeurteilung einer bestehenden Anlage oder einer geplanten neuen Anlage bezieht. Auf diese
Weise helfen sie bei der Festsetzung geeigneter, „BVT-gestützter" Bedingungen für die Anlage oder bei
der Festlegung allgemeiner bindender Vorschriften gemäß Artikel 9 Absatz 8. Voraussichtlich können
Neuanlagen so geplant werden, dass sie zumindest die hier vorgestellten BVT-Werte oder sogar bessere
Werte einhalten. Es wird auch daran gedacht, dass sich bestehende Anlagen in Richtung der
allgemeinen BVT-Werte hinbewegen oder darüber hinausgehen können, je nach der im Einzelfall
gegebenen technischen und wirtschaftlichen Anwendbarkeit.



Die BVT-Referenzdokumente setzen zwar keine gesetzlich bindenden Normen fest, doch sollen sie der
Wirtschaft, den Mitgliedstaaten und der Öffentlichkeit als Richtschnur dafür dienen, welche Emissions-
und Verbrauchswerte mit dem Einsatz spezieller Techniken zu erzielen sind. Geeignete Grenzwerte für
jeden Einzelfall müssen unter Berücksichtigung der Ziele der Richtlinie über die integrierte Vermeidung
und Verminderung der Umweltverschmutzung und lokaler Erwägungen ermittelt werden.
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2.6 Emerging techniques in the lime industry

2.6.1 Fluidised bed calcination

The calcination of finely divided limestone in a fluidised bed has been practiced on a relatively
small scale for many years. It has several potential advantages, including:
•  the use of surplus grades of fine limestone,
•  low NOx emissions, and
•  low SO2 emissions, when using high sulphur fuels.

However, the technique does not have a particularly low specific heat use, the finely divided
products are not suitable for many applications and the residual calcium carbonate level is
relatively high. Initial problems with using the technique for kilns with productive capacities in
excess of 150 tonnes per day appear to have been resolved.

Figure 2.11 shows a schematic diagram of a fluidised bed kiln. Fine limestone is fed to a
preheater vessel using air heated by the kiln exhaust gas via a heat exchanger. The preheated
limestone then enters the first fluidised bed vessel where the temperature is increased and
limestone starts to be calcined. As the limestone is calcined, the lighter quicklime flows over
the weir wall into the next fluidised bed vessel where calcination is completed. The quicklime
then passes through the cooler where it is cooled by ambient air.

Figure 2.11: Fluidised bed kiln.
[UK IPC Note, 1996]

Although fluidised bed technology may offer lower pollutant releases than other lime kiln
technologies, it is not well proven and can only produce fine lime with a high reactivity.

2.6.2 Flash calciner/suspension preheater

The technique of feeding finely divided limestone via a suspension preheater into a flash
calciner was developed in the cement industry. However, it is only suitable for a limited range
of limestone qualities and has been used in a very small number of installations. Two kilns have
recently been installed in Australia using this technique. In one the product from the flash
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calciner is passed through a short rotary kiln. The rotary section is designed to control the %
CaCO3 and the reactivity of the lime within customer specifications.

The technique is particularly suitable for “sandy” limestones as the flash calciner kiln accepts
feedstone in the 0-2 mm range. It is understood to have high capital costs, which are likely to
restrict its use to relatively large output levels (for example, about 500 tonnes/day).

2.6.3 Absorbent addition to reduce SO2 emissions

The use of absorbents to reduce SO2 emissions is well established in other industries. It has not,
however, been applied to rotary lime kilns. The following techniques may merit further
investigation:
•  Use of fine limestone: At a straight rotary kiln fed with dolomite it has been observed that

significant reductions in SO2 emissions can occur with feedstones which either contain high
levels of finely divided limestone or are prone to break up on heating. The finely divided
limestone calcines, is entrained in the kiln gases and removes SO2 en route to, and in, the
dust collector.

•  Lime injection into the combustion air: A patented technique (EP 0 734 755 A1) describes
the reduction of SO2 emissions from rotary kilns by injecting finely divided quick- or
hydrated lime into the air fed into the firing hood of the kiln.

•  Injection of an absorbent into the exhaust gases: A recognised technique for reducing SO2
concentrations in gaseous emissions is to:
a) inject an absorbent (e.g., hydrated lime or sodium bicarbonate) into the gas stream, and
b) provide sufficient gas residence time between the injection point and the dust collector
(preferably a fabric filter) to obtain efficient absorption.

It would seem feasible to adapt this technique to rotary lime kilns.

2.6.4 CO-peak management

The CO-peak management technique being developed for cement kilns fitted with electrostatic
precipitators (EPs) may be applicable in some circumstances to rotary lime kilns equipped with
EPs. However, the rate of dust emission (kg/tonne of product) following the deactivation of the
EP is generally very much lower in the case of lime kilns than in that of cement kilns, owing to
the relatively coarse size of the limestone and the absence of any dust recycle.

2.6.5 Ceramic filters

Ceramic filters are not currently used on lime kilns. However, they are able to remove dust
efficiently from gases at very high temperatures, and it is possible that, with kilns such as rotary
kilns producing dead-burned dolomite, de-dusting high temperature gases might enable certain
heat recovery systems to become viable.
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2.7 Conclusions and recommendations

The experts nominated to the Technical Working Group by Member States, Norway, European
Environmental Bureau and European Industry (EuLA - The European Lime Association) have
all taken part in this exchange of information.

There is not much information easily available about lime industry and the information sources
are few. EuLA has been helpful in collecting and providing information, but it is not a big
industry association and did not have a lot of information available when this information
exchange exercise started.

There is not much economic information available.

Before an update of this reference document is carried out, it could be useful to make a survey
of current abatement techniques, emissions and consumptions and of monitoring in the lime
industry.



i

2.7 Schlussfolgerungen und Empfehlungen

Die Sachverständigen, die von den Mitgliedstaaten, Norwegen, dem Europäischen Umweltbüro
und der europäischen Industrie (EuLA – Europäischer Verband der Kalkindustrie) für die
Technische Arbeitsgruppe nominiert wurden, haben durchweg am Informationsaustausch
teilgenommen.

Leicht zu beschaffende Angaben zur Kalkindustrie sind eher dürftig, und es gibt nur wenige
Informationsquellen. EuLA war beim Zusammentragen des Materials behilflich und stellte
selbst Informationen zur Verfügung, aber er ist kein großer Industrieverband und verfügte zum
Zeitpunkt des Beginns des Informationsaustauschs nicht über umfangreiche Daten.

Zudem liegen nur spärliche Wirtschaftsinformationen vor.

Vor der Aktualisierung dieses Referenzdokuments könnte es sich als sinnvoll erweisen, eine
Untersuchung der derzeitigen Methoden zur Bekämpfung der Umweltverschmutzung, der
Emissionen, Verbrauchswerte und Überwachungsmaßnahmen in der Kalkindustrie
durchzuführen.
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GLOSSARY OF TERMS AND ABBREVIATIONS

atm normal atmosphere (1 atm = 101325 N/m2)
Ag silver
Al aluminium
Al2O3 aluminium oxide
As arsenic
bar (1.013 bar = 1 atm)
Ba barium
Be beryllium
cSt centistoke
oC degree Celsius
Ca calcium
CaCO3 calcium carbonate
CaO calcium oxide
Ca(OH)2 calcium hydroxide
Cd cadmium
Co cobalt
Cr chromium
Cu copper
CH4 methane
CN cyanide
CO carbon monoxide
CO2 carbon dioxide
dolomite type of limestone the carbonate fraction of which is dominated by the mineral

dolomite, calcium magnesium carbonate [CaMg(CO3)].
e.g. for example (exempli gratia, latin)
EP electrostatic precipitator
F fluorine
Fe iron
Fe2O3 iron oxide
Hg mercury
HCl hydrochloric acid
HF hydrofluoric acid
H2O water
H2S hydrogen sulphide
i.e. that is (id est, latin)
kcal kilocalorie (1 kcal = 4.19 kJ)
kg kilogramme (1 kg = 1000 g)
kJ kilojoule (1 kJ = 0.24 kcal)
kWh kilowatt-hour (1 kWh = 3600 kJ = 3.6 MJ)
K 1) potassium; 2) degree Kelvin (0 oC = 273.15 K)
m metre
m/min metre/minute
m2 squaremetre
m3 cubicmetre
µm micrometre (1 µm = 10-6 m)
mg milligramme (1 mg = 10-3 gramme)
mm millimetre (1 mm = 10-3 m)
mmWG millimetre water gauge
MgCO3 magnesium carbonate
MgO magnesium oxide
Mn manganese
Mt megatonne (1 Mt = 106 tonne)
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MJ megajoule (1 MJ = 1000 kJ = 106 joule)
ng nanogramme (1 ng = 10-9 gramme)
N2 nitrogen
Na sodium
Ni nickel
Nm3 normal cubic metre (101,3 kPa, 273 K)
NH3 ammonia
NH4 ammonium
Ω cm ohm centimetre, unit of specific resistance
NO nitrogen monoxide
NO2 nitrogen dioxide
NOx nitrogen oxides
O2 oxygen
Pb lead
Pd palladium
Pozzolana Pozzolanas are materials that, though not cementitious in themselves, contain

silica (and alumina) in a reactive form able to combine with lime in the
presence of water to form compounds with cementitious properties. Natural
pozzolana is composed mainly of a fine, chocolate-red volcanic earth. An
artificial pozzolana has been developed that combines a fly ash and water-
quenched boiler slag.

Pozzolanic cement Pozzolanic cements are mixtures of portland cement and a pozzolanic
material that may be either natural or artificial. The natural pozzolanas
are mainly materials of volcanic origin but include some diatomaceous
earths. Artificial materials include fly ash, burned clays, and shales.

Pt platinum
PCDDs polychlorinated dibenzodioxins
PCDFs polychlorinated dibenzofurans
Rh rhodium
Sb antimony
Se selenium
siliceous limestone limestone that contains silicon dioxide (SiO2)
SiO2 silicum dioxide
Sn tin
SCR selective catalytic reduction
SNCR selective non-catalytic reduction
SO2 sulphur dioxide
SO3 sulphur trioxide
SOx sulphur oxides
t tonne (metric)
Te tellurium
Ti titanium
Tl thallium
tpa tonnes per annum (year)
TCDD tetrachlorodibenzodioxin
TE toxicity equivalents (dioxins and furans)
TEQ international toxicity equivalents (dioxins and furans)
TOC total organic carbon
V vanadium
VOC volatile organic compounds
Zn zinc
% v/v percentage by volume
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ANNEX A: EXISTING NATIONAL AND INTERNATIONAL LEGISLATION

National emission limits for the production of CEMENT within the European Union

The tables below provides national ELV´s. The applications of the figures are different from
one country to another (averaging time, reference conditions, measurements techniques,
compliance criteria, etc.).

Dust
mg/Nm3

Data based
on

new/modified or
existing plant

kiln stack clinker
cooling

cement
grinding

other point
sources

Austria Na (a) new/modified
existing

50
50

50
50

50
50

50
50

Belgium P new/modified
existing

50
50-150

50
50-400

50
50-150 50-300

Denmark P existing 50 (b) 50 (b) 50 (b) 50 (b)
Finland P new/modified

existing
50

50 (c)
50
50

30-50
30-50

30-50
30-50

France Na new/modified
existing

50
50 (d)

100
100 (d)

50
50 (e)

30
30

Germany Na new/modified
existing

50
50

50
50

50
50

50
50

Greece Na/R new/modified
existing

100
150

100
150

100
150

Ireland Na new/modified
existing

50
50

100
100

75
75

50
50

Italy Na/P existing 50 50 50 50
Luxembourg P existing 30 (f)
Netherlands P existing 15 (f) 10 (f) 10 (f) 10 (f)
Portugal Na new/modified

existing
50

100
100
100

75
75

50
50

Spain Na new/modified

existing 400/250 (g)
100 (h)

170/100 (g)
100 (h)

170/100 (g)
100 (h)

300/250 (g)
75 (h)

300/250 (g)
75 (h)

300/250 (g)
50 (h)

300/250 (g)
50 (h)

Sweden P existing 50 (i) 50 50 20
United Kingdom Na (j) new/modified

existing
40 (k)

(l)
50 (k)

(l)
40 (k)

(l)
50 (k)

(l)

Na=National law; R=Regional law; P=Typical permit
a) Daily averages and reference condition of 273 K, 101.3 kPa, dry gas and 10% O2.
b) Limits under discussion. Reference condition of 273 K, 101.3 kPa, dry gas and 10% O2.
c) Existing plant must meet 50 mg/Nm3 by Januaty 1, 2001. Monthly averages and reference condition of

10% O2 and dry gas.
d) Existing plant with emission <150 mg/Nm3 must meet limit for new plant by 2001.
e) Existing plant must meet limit for new plant by 2001.
f) Daily average values.
g) Current limits.
h) Limits under discussion.
i) Daily average value. A limit value of 90 mg/Nm3, including start/stop and CO-trips, applies for

monthly averages.
j) IPC Guidance Note S2 3.01.
k) ‘Benchmark releases’
l) Benchmark releases are, in particular, not applicable to existing plant but are a factor in considering

appropriate limits.

[Based on [Cembureau report, 1997] and information provided by TWG experts]
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SO2 , NOx
mg/Nm3

PCDD/Fs

Data
based

on

new/modified
or

existing plant

SO2
normal

situation

SO2
S-rich raw
materials

NOx PCDD/Fs
ng TEQ/Nm3

Austria Na (a) new/modified
existing

200
200

400
400

500
1000

Belgium P new/modified
existing

1000
1000

1800
1800

Denmark P (a) existing 5/250/450 (b) no limit 1200/2500/850 (c) no limit
Finland P (d) existing 150-400 1200-1800
France Na new/modified

existing
500

500(e)
1200/1800 (f)

1200/1800 (e,f)
1200/1500/1800 (g)
1200/1500/1800 (g)

Germany Na new/modified
existing

400
400

400
400

500
800

Greece
Ireland Na new/modified

existing
400
400

700
700

1300
1300

n.a.
n.a.

Italy Na/P new/modified
existing 600 1800

10000 (h)
10000 (h)

Luxemburg P existing 100 (i) 800 (j) 0.1 (k)
Netherlands P existing (l) 1300 (j) 0.1
Portugal Na new/modified

existing 400 1300
0.1
0.1

Spain Na new/modified

existing

2400/6000 (m)
600 (n)

2400/6000 (m)
600 (n)

2400/6000 (m)
1800 (n)

2400/6000 (m)
1800 (n)

1300-1800 (n)

Sweden P existing - <200 <200 0.1
UK Na (o) new/modified

existing
200 (p)

(q) 600-2500 (r)
900 (p)

500-1200 (q)(s)

Na=National law; R=Regional law; P=Typical permit
a) Daily averages and reference condition of 273 K, 101.3 kPa, dry gas and 10% O2.
b) 5 for semi-dry process, 250 for wet process and 450 for wet process with wet scrubber and heat

recovery. Limits under discussion.
c) 1200 for semi-dry process, 2500 for wet process and 850 for wet process with wet scrubber and heat

recovery. Limits under discussion.
d) Monthly averages, reference condition of 10% O2 and dry gas
e) Existing plant must meet limit for new plant by 2001.
f) 1200 mg/Nm3 if ≥ 200 kg/h; 1800 mg/Nm3 if < 200 kg/h.
g) 1200 mg/Nm3 for dry process with heat recuperation, 1500 mg/Nm3 for semi dry and semi wet

processes, and 1800 mg/Nm3 for wet and dry processes without heat recuperation.
h) General rule for any kind of industrial emission.
i) Half hour average.
j) Daily average value.
k) 6 hour average.
l) 90 kg/h as daily average, maximum 375 tonne/year.
m) Current limits.
n) Limits under discussion.
o) IPC Guidance Note S2 3.01.
p) ‘Benchmark releases’
q) Benchmark releases are, in particular, not applicable to existing plant but are a factor in considering

appropriate limits.
r) Limit values reflect the actual levels of releases. Daily averages and reference condition of dry gas and

actual O2 content.
s) Actual releases, daily averages, not all plants currently have limits.

[Based on [Cembureau report, 1997] and information provided by TWG experts]
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The table below provides national ELV´s for metals and other emissions from the kiln stack. As
for the previous tables the applications of the figures are different from one country to another
(averaging time, reference conditions, measurements techniques, compliance criteria, etc.).

Metals, others
mg/Nm3

Measuring
interval

Σ (Cd, Tl,
Hg)

Σ (Se, Te,
As, Co,

Ni)

Σ (Sb, Pb,
Cr, Cu,

Mn, V, Sn)

TOC HCL HF NH3 CO

Austria 3 years (a) 0.1/0.2 (b) 1.0 (c)
Belgium 6 months 0.2 1 (d) 5 75 (e) 30 5
Denmark
Finland
France 1 year 0.2 1.0 5.0 (f)
Germany 3 year 0.2 1.0 5.0 (g) (h) 30 (i) 5 (i)
Greece
Ireland
Italy varies 0.2 1.0 (j)

1.0 (k)
5.0 (l)
5.0 (m)

(n) 30 5 250

Luxemburg (o) 1 year 0.2 1 5 (p) 30 30 5
Netherlands 1 year 0.15 1.0 (q) 1.0 (q) 40 10 1
Portugal 6 months 0.2 1.0 5.0 50 250 50 1000
Spain varies 0.2 (r) 1.0 (r) 5.0 (r)
Sweden 1 year (s) (s) (s)
UK

a) Half hourly averages and reference condition of 273 K, 101.3 kPa, dry gas and 10% O2.
b) Group comprises Cd, Tl, Be. The limit 0.1 applies individually, 0.2 applies for the sum
c) As, Co, Ni, Pb.
d) As, Co, Ni.
e) CH4 excepted.
f) Zn also included.
g) Cyanides (soluble) given as CN, fluorides (soluble) given as F, Pt, Pd and Rh are also included.
h) Limits are required for organic compounds divided into three classes of danger: (from TA-Luft)

CLASS I: 20, CLASS II: 100, CLASS III: 150.
i) Emission limit applies for sum of this and other compounds.
j) Se, Te only.
k) As, Cr(VI), Co, Ni.
l) Sb, Cr(III), Mn, Pd, Pb, Pt, Cu, Rh, Sn, V.
m) Σ(Cd, Tl, Hg, Se, Te, Sb, Cr(III), Mn, Pd, Pb, Pt, Cu, Rh, Sn, V)
n) Limits are required for specific organic compounds (ca. 200) divided into five classes of danger:

CLASS I: 5, CLASS II: 20, CLASS III: 150, CLASS IV: 300, CLASS V: 600.
o) Half hour average.
p) Σ(Cd, Hg, Tl, As, Co, Ni, Se, Te, Sb, Cu, Pb, Cr, V, Fluorures)
q) Σ(Sb, As, Pb, Cr, Co, Cu, Mn, Ni, V, Sn, Se, Te)
r) Limits under discussion.
s) No limit specified in the permit. Actual levels are reported initially and are taken into account in the

issuing of the permit. Selected elements are reported annually.

[Based on [Cembureau report, 1997] and information provided by TWG experts]
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National emission limits for releases into air from LIME kilns within the European Union

The tables below provides national ELV´s. The applications of the figures are different from
one country to another (averaging time, reference conditions, measurements techniques,
compliance criteria, etc.).

Dust, SO2, NOx,
HCl
mg/m3

Data
based

on

Mass flow
kg/h

Dust SO2 NOx HCl

Austria P 50
Belgium >0.5

<0.5
50

150
Denmark P 20-40 500 500 100
Finland P 50-150 250 150-200
France Na >1

<1
>25

40
100

300 500

50

Germany Na, R >0.5
>5

50
500

500 (a) 30

Greece Na 100/150 (b)
Ireland Na 50 750 1800
Italy Na

>5
50

500
1800

Luxemburg
Netherlands
Portugal Na 150 2700 1500
Spain Na 250
Sweden P 25-50 (c)
United Kingdom Na (d) 40/50 (e) 200 (e) 900 (e)

Na=National law; R=Regional law; P=Typical permit
a) case by case consideration of emission limit for rotary kilns
b) 100 for new/modified plants, 150 for existing plants
c) for older lime kilns up to 250 mg/m3.
d) IPC Guidance Note S2 3.01.
e) ‘Benchmark releases’. Benchmark release levels are not emission limits but are subject to

consideration of site specific emission limits.

[Based on and information provided by TWG experts]
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EC legislation applicable to the production of cement and lime

•  Council Directive 94/67/EC on the incineration of hazardous waste
•  Proposal for a Directive on the incineration of waste adopted by the Commossion October

7, 1998 (O.J. C372 of December 2, 1998, pp 11-26).
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ANNEX B: NOx AND SO2 ABATEMENT IN THE CEMENT INDUSTRY

The tables below present the (currently known) number of full scale installations in the EU and
EFTA countries with NOx and SO2 abatement techniques.

NOx
Flame

cooling
Mineralised

clinker
Staged

combustion
SNCR SCR

Austria 3 1 1
Denmark 1
France 10 1
Germany 4 7 15 1 1

Italy 3
Sweden 1 2
Switzerland 1
Total 13 7 12 18 1
1) Will be in operation in the end of 1999

[Based on a Cembureau survey carried out in April 1999 and information provided by TWG experts]

SO2
Absorbent
addition

Wet
scrubber

Dry
scrubber

Activated
carbon

Austria 1
Belgium 2
Denmark 2
Germany 11
Italy 1
Sweden 1
Switzerland 1 1
United Kingdom 1
Total 14 5 1 1

[Based on a Cembureau survey carried out in April 1999 and information provided by TWG experts]
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