MAKALE | ARTICLE

KHD Humboldt Wedag International AG’nin Bas Teknoloji Sorumlusu Matthias Mersmann

Humboldt Wedag GmbH Uriin Miidiirii Sven Schmitgen

Matthias Mersmann, Chief Technology Officer of KHD Humboldt Wedag International AG

Sven Schmitgen, Product Manager of Humboldt Wedag GmbH

KHD PYROROTOR® - ¢cimento endustrisine
yonelik ¢cok amacli ATY reaktoru

Cimento endiistrisinde birlikte islemenin gelistiriimesi

Atik kaynakli yakitlarin yakilmasi, orta Avrupa’da yetmis yili askin
bir gelenege sahiptir ve blylk 6lgtide artan bilgi ve deneyime sa-
hip gimento endUstrisinde belirli bir yetkinlik alanina dénidsmustur.
Cok cesitli atiklarin islenerek ¢cok ¢esitli atiktan tiretilmis yakitlara
(ATY) donustirtlmesi, pazar bélgelerinin yerel ekosistemlerinde
cesitli kolaylastirici ve zorlayici faktorlerin bir araya gelmesiyle te-
tiklenen dalgalar halinde pazarlara hiicum etmistir. Cimento fabri-
kalarinda birlikte islemeyi mumkun kilan en temel faktor, ¢imento
fabrikasinin bulundugu bdlgede/llkede yeterli atik malzemenin
mevcut olmasidir.

Sayet ¢cimento fabrikalarinda islenecek bu atik malzemeler, kentsel
kati atiklardan (KKA) elde ediliyorsa, bolge veya belediyenin, KKA'nin
gimento Uretiminde kullanilabilmesi igin temel ancak zorunlu bir 6n
kosul olan 6n isleme igin merkezi toplamaya olanak taniyan ilgili bir
toplama sistemine sahip olmasi gerekir. Bu da sosyo-ekonomik sis-
temin belirli bir asamaya kadar gelismis olmasini gerektirir.

Diger bir zorlayici faktor ise, daha gelismis Ulkelerde daha kati gevre
kurallarinin bir sonucu olarak KKA'nin bosaltilmasi daha pahali hale
geldiginden, KKA'nin daha buyutk miktarlarda kullaniminin kolaylas-
tirlmasidir. Cimento firinlarinda fosil yakitlarin alternatif yakitlarla
(AF) ikamesinin artirilmasinin, toplumlarin atiklari yeniden kullanimi
konusundaki farkindaliginin 6n ve ortak isleme teknolojilerinin ge-
lismesiyle birlikte gittigi tim dunyada kabul edilmektedir.

AF’nin 6zellikleri ve yanma davranisi

Alternatif yakitlar (AF) kimyasal ve fiziksel 6zellikleri bakimindan ne
kadar farkhlik gosteriyorsa, isimlendirilmeleri de o kadar farklilik gos-
termektedir: SRF, RDF, MSW, fluff alternatif yakitlara takilan isimler-
den sadece birkagidir. Bu arada standardizasyon igin bazi girisimler-
de bulunulmustur, ancak simdiye kadar bunlarin higbiri daha genis,
kuresel 0lgekte benimsenememistir.
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Development of co-processing in the cement industry
Burning waste derived fuels has a tradition spanning over seven
decades in central Europe and has developed into a specific field
of competency in the cement industry with massively increased
knowledge and experience. Using a variety of different wastes to
process them to a wide range of waste-derived fuels(WDF)has turned
out to rush over markets in waves, triggered by the coincidence of
several enabling and forcing factors within the local ecosystems of
the market regions. The most basic enabling factor for co-processing
incement plants is the actual availability of sufficient waste materialin
the region/country where the cement plantis located.

If sourcedfrommunicipal solidwaste(MSW), theregion ormunicipality
needs to have a respective collection system implemented to
allow centralized pick-up for pre-processing, which is a basic but
mandatory prerequisite to be able to use MSW in cement production.
This requires the socio-economic system to have developed to a
certain stage.

The next forcing factor is then facilitating the use of MSW in bigger
amounts when dumping of MSW gets expensive as a consequence
of ever more stringent environmental rules in further developed
countries. It is being recognized all over the world that raising the
substitution of fossil fuels by alternative fuels (AF) in cement kilns
goes along with the development of the societies’ awareness to
reusing waste and technologies for its pre- and co-processing.

Properties and burn-out behavior of AF

As much as AF differ in their chemical and physical properties, as
much do they vary in their denominations: WDF, MSW, RDF (refuse-
derived fuel) and fluss are only a few of the name tags which are
being attached to alternative fuels. Meanwhile some attempts for
standardization have been undertaken, but so far none of those was
adopted on a wider, global scale.



Teknik agidan bakildiginda, AF'nin kimyasal ve fiziksel 6zellik-
leri bu isimlendirmelerden ¢ok daha 6nemlidir. Bazi ATY'lerin
fosil yakitlarin yerini alma kabiliyetine baktigimizda, ¢ok temel
bir anlayisi kabul etmeliyiz: Bir ¢cimento firininda yakilan ATY
malzemelerinin higbiri yakit olarak kullaniimak amaciyla tretil-
memistir. Bu da kimyasal, fiziksel ve partikil 6zelliklerinin yakit
olarak kullanilmak Gzere Uretilmis ya da islenmis malzemelerin
Ozelliklerine uymaktan gok uzak oldugu anlamina gelmektedir.

Fosil yakitlar igin genel kabul géren husus, yani istenilen 6zellik-
lere ulagmasi igin 6n isleme tabi tutulmasi gerekliligi, gcimento
Uretim uzmanlari arasinda yogun bir sekilde tartisiimaktadir. Ko-
mur ¢ok ince toz haline getirilirken, ATY topakli pargaciklar ha-
linde yakilmaya galisilir. Kémdrler kil igeridi, nem, ugucu madde
icerigi ve Isiigerigi gibi ana yanma 6zellikleri agisindan uluslara-
rasi kabul gérmus kategorilere siniflandirilirken, (su anda) ATY'yi
olusturan heterojen malzeme karisimlariicin bu 6zellikleri genel
olarak siniflandirmanin bir yolu yoktur. Malzemeler (6rnegin ah-
sap, plastik, tekstil, kauguk, kagit, cam, mineral vb.); boyut (ki-
clk, orta veya blyUk) ve sekil (dliz, yuvarlak, silindirik, kiibik vb.)
ve yukarida belirtildigi gibi kimyasal 6zelliklerin timi kendi kate-
gorileri arasinda karisir ve ¢ok farkli tutusma ve yanma deger-
lerine yol acan ¢zel yanma davranislarini olusturur. Soylenebile-
cek tek guvenli sey, kati yakitlarin fosil yakitlardan daha buyik
partikll boyutlarina sahip olmasi ve sivi ATY'nin her zaman daha
disuk 1si veya daha ylksek kirletici igerigine sahip olmasi nede-
niyle AF'nin yakilmasinin her zaman daha zor oldugudur.

ATY karigimlarinin bazi tipik bilesenlerinin tutusma ve yanma
davranisi Gzerine yapilan arastirmalar, boyut, sekil ve malzeme-
ye bagli olarak, AF'nin tek tek pargalarinin yanmasinin birkag da-
kikaya kadar sirebilecegini gostermistir. (ZKG Dergisi 7/8, 2019)

On isleme ve birlikte islemenin etkilesimi

Atik malzeme kaynagindan ¢imento firininda yakit olarak nihai kul-
lanimina kadar tim isleme rutinine bakmak 6nemlidir. Bu zincirin
tamaminin en iyi 6n isleme (pre-processing) ve birlikte isleme (co-
processing) terimleriyle tanimlandigi gériimistir. On isleme teri-
mi, malzemenin firina enjekte ediimesine kadar olan tim hazirlik
adimlarini tanimlar. Ote yandan birlikte isleme terimi, malzemenin
klinker Uretim siirecindeki enerji ve kutle entegrasyonunu kapsar.

On ve birlikte isleme arasindaki etkilesim hem maliyetleri hem
de uyqulanabilirligi etkilediginden, ATY'yi ¢cimento Uretiminde
basarili bir sekilde kullanmak icin hayati 5nem tasimaktadir. On
islemede yaygin olarak kullanilan bir yol, érnegin, yliksek kaliteli
kalinti tlrevi yakit Gretmek igin siralama ve boyut kigtltmedir.
Yiksek kaliteli ATY, agirhkli olarak hafif, kuru ve ylksek kalori-
fik degere sahip kiglk pargaciklardan olusabilir. Bu ATY, ortak
isleme teknolojisine (firin alev borusu veya kalsinatér) ok fazla
teknolojik adaptasyon olmadan alev borusuna veya kalsinatére
enjekte edilebilir. Bu yol da 6n islemede ylksek ¢caba gerekti-
rirken, birlikte isleme slirecinde ¢ok fazla gaba gerektirmez.

Diger u¢ nokta, sadece inert maddeyi ayirarak 6n isleme igin
¢ok az gaba harcamak ve daha sonra bu dislk kaliteli ATY'yi
disuk kaliteli ATY'yi bile verimli bir sekilde birlikte isleyebilen
6zel bir reaktdrde kullanmak olacaktir.

Optimum 6n isleme derinligi, sirasiyla 6n islemeden ortak isle-
meye gegis i¢in ideal nokta, duruma 6zgu bir dizi etkiye bagldir,
bunlardan en dnemlileri de gimento fabrikasinda mevcut olan
atik isleme teknolojisi, mevcut ATY arzive ATY fiyatlandirmasidir.

Fromatechnical point of view, the chemical and physical properties
of AF are much more relevant than those denominations. Looking
at the ability of certain WDF to replace fossil fuels, we must accept
one very basic understanding: None of the WDF components
which are burnt in a cement kiln were created with the intention
of being used as fuel. This means that their chemical, physical
and particulate properties are far away from matching any
specifications of materials that were created or treated to be fuel.

What is generally accepted for fossil fuels, namely the necessity to
pre-process them to reach the required properties, varies heavily
for fuel alternatives. While coal is being ground to very fine powder,
WDF are sought to be burned in lumpy particles. While coals are
being classified into internationally accepted categories as to their
main combustion properties like ash-content, moisture, content
of volatile matter and heat content, there (currently) is no way to
generally classify these properties for the heterogeneous mixtures
of material which make up WDF. Material (e.g. wood, plastics,
textile, rubber, paper, glass, mineral etc.), size (small, medium or
large), shape (flat, round, cylindrical, cubical etc.) and chemical
properties all vary across their categories and form a unique
combustion behavior, leading to very different ignition and burn-
out values every time. The only constant is, that AF is always more
challenging to burn because solid fuels come in bigger particle
sizes than fossil fuels, liquid WDF always come with either lower
heat or higher contaminant content.

Investigations of the ignition and combustion behavior of certain
typical constituents of WDF mixes have shown that, depending
on size, shape and material, individual pieces of AF can take up to
several minutes to burn out. (ZKG Magazine 7/8, 2019)

Interaction of pre-processing and co-processing
Itisimportant to look at the complete processing routine from the
source of waste material all the way down to its final use as fuel
in a cement kiln. The entirety of this chain has been found to be
described best by the terms pre-processing and co-processing.
Pre-processing defines all preparational steps until the injection
of material into the kiln. Co-processing on the other hand cover
the energy- and mass-integration of the material within the clinker
production process.

The interaction between pre- and co-processing is vital to
successfully use WDF in cement production, because both influence
costs and applicability. A commonly used path in pre-processing
is, for instance, sorting and size reduction to produce high-quality
RDF. High-quality RDF may consist of mainly light weight, dry and
small particles with high calorific value. This RDF can be injected into
either the main burner or the calciner without much technological
adaptation to the co-processing technology (kiln burner or calciner).
This path requires a high effort in pre-processing, yet a low effort in
co-processing.

The other extreme would be to invest only little effort into
pre-processing by just sorting out the inert matter and then
use this low-quality WDF in a special reactor which is able to
efficiently co-process even low-quality WDF.

The optimal pre-processing depth, resp. the ideal point to
switch from pre-processing to co-processing depends on a
number of case-specific influences: available co-processing
technology at the cement plant, available RDF supply, RDF
pricing, to name just the most important ones.
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Birgok cimento Ureticisi, kullanilabilirlik, fiyat ve kaliteye bakil-
diginda ATY pazarlarinin zamanla degistigini deneyimlemistir.
Cimento fabrikalarinda, deg@isen kalitelerdeki ¢cok sayida farkli
ATY’'nin 6ngoralebilir ve sureklilik arz eden iyi sonuglarla birlik-
te islenmesine olanak taniyan daha gok yonlu ve saglam 6zel
ekipmanlara ydnelik bir egilim s6z konusudur. Ginimuzde tim
buyik OEM ekipman tedarikgileri, 6zellikle disik 6n islem sevi-
yelerine sahip ATY kullanmayi amaglayan Grinler ve teknoloji-
ler sunmaktadir. lyi teknolojiler, AF'nin tam veya en azindan ye-
terli yanmasini, temiz yanmasini, iyi yanma kosullarini ve uzun
yakit tutma siresini (retention time) saglamak igin operasyo-
nel sorunlari énleyen saglam bir tasarim sunmalidir.

Pyrorotor® - en ¢cok yonlii AF-reaktorii

KHD Pyrorotor®, diisik yanma 6zelliklerine sahip atik malze-
meleri gimento Uretim slrecinde yakit olarak surdurilebilir ve
verimli bir sekilde kullanabilen déner bir yanma reaktoridir.
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Gorsel 1: Pyrorotor®a Genel Bakis
Picturel: Overview of Pyrorotor®

Cimento Uretim sirecinde AF'nin birlikte islenmesiigin ¢6zim-
ler yelpazesinde Pyrorotor®, en disik kaliteli AF igin bile en
ylUksek termal ikame oranlari (TSR) taleplerini karsilar. Gorsel
2'de, KHD'nin AF kullanimina yonelik Griin serisi karsilastiriimig-
tir. Pyrorotor®, islenebilecek alternatif yakit boyutu ve turleri
acisindan en ylksek esnekligi sunar. Batlin lastikler, lastik par-
caciklari, kaba ve topakli malzemeler, tutusmasi zor malzeme-
ler, hatta kontamine ve tehlikeli maddeler surdurdlebilir bir se-
kilde yanabilir. Kaynakli AF’'nin karmasik ve pahali 6n iglenmesi
onemli 6l¢lide en aza indirilebilir ve hatta tamamen 6nlenebilir.
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Pyrorotor® makarasi

Many cement producers have experienced that the markets for WDF
do change over time when looking at availability, price and quality.
There is a trend perceivable for more versatile and robust special
equipment in cement plants, which allows a multitude of different
WDF of changing qualities to be co-processed repeatedly with
predictable, good results. All major OEM equipment-suppliers are
nowadays offering products and technologies that are intended to
especially use WDF with low pre-processinglevels. Good technologies
must offer a robust design that prevents operational problems and
good combustion conditions and long fuel retention time to ensure
complete or at least sufficient burn-out and clean combustion of AF.

Pyrorotor® - the most versatile AF-reactor

KHD's Pyrorotor® is a rotary combustion reactor that can use
waste materials with inferior burning properties sustainably and
efficiently as fuel in the cement production process.
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Within the range of solutions for co-processing of AF in the cement
production process, the Pyrorotor® covers the demands for highest
thermal substitution rates(TSR), even for lowest-quality AF. Picture 2
compares KHD's product line-up for AF usage. The Pyrorotor® offers
highest flexibility in regards of the size and types of alternative fuel
that can be processed. Whole tires, tire chips, coarse and lumpy
materials, hard-to-ignite materials, or even contaminated and
hazardous materials can be combusted sustainably. Complex and
expensive pre-processing of the sourced AF can be significantly
minimized or even avoided entirely.



Typical Solutions - KHD Equipment For Alternative Fuel
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Gorsel 2: Bir firin alev borusunda ve farkli Pyroclon® Kalsinatér eklentilerinde kullanilacak tipik AFR'nin

basitlestirilmis siniflandirmasi ve gereksinimleri

Picture 2: Simplified classification and requirements of typical AFR to be used in a kiln burner and different

Pyroclon® calciner add-ons

Bir Pyrorotor® yeni bir Gretim hattina kurulabilir veya mevcut
bir Gretim hattina kolayca uyarlanabilir, ¢linki Pyrorotor® mev-
cut onisitici kulesinde yer gerektirmez, ayrica bu kuleye ek yuk
eklemez. Pyrorotor®un mekanik konsepti, cimento endUstri-
sinde yuzyillardir bilinen ve guvenilen en saglam ekipman olan
doéner firina dayanmaktadir.

Donen tambur, AF'nin sicak tersiyer hava ile yogun bir sekilde
karistiriimasina ve kullanilan atik malzemelerin tamamen yan-
masini saglamak igin uzun tutma siresine (retention time) ola-
nak tanir. Ayni zamanda, surekli hareket birikmeleri ve tikan-
may! 6nler. Tim mekanik parcalar yuzlerce firin kurulumunda
denenmis ve dogrulanmistir. Doner tambur, iki istasyon Uze-
rinde glvenli bir sekilde desteklenir ve dengelenir. Tamburun
dénmesiicin gereken tork, iki sirtinme tahrikli gale tarafindan
saglanir. Kurulu tahrikler, gok gesitli yik ve donUs gereksinim-
leriicin hazirlanacak buyUk bir tork rezervi sunar.

Tambur dénus hizi, tutma sdresini belirli malzemenin ihtiyacla-
rina uyarlamak i¢in 0.3 rpm ila 3.0 rpm araliginda ayarlanabilir.
AF, kacak havanin sisteme girmesini dnlemek icin déner hava
kilitleri veya ¢ift pandulld klapeler gibi 6nleyici sistemler yoluy-
la Pyrorotor®a beslenir.

The Pyrorotor® can be installed in a new production line or easily
retrofitted to an existing one because it neither requires space in
the existing preheater tower, nor does it add additional load to it.
The mechanical concept of the Pyrorotor® has been based on the
most robust equipment known and trusted in the cement industry
for centuries: the rotary kiln.

The rotating drum allows intense mixing of the AF with hot tertiary
air,aswellaslongretention time to ensure complete burn-out of the
used waste materials. At the same time, the constant movement
avoids build-ups and clogging. All mechanical parts have been
tried and trued in hundreds of kiln installations. The rotary tube is
safely supported and balanced on two roller stations. The required
torque for the rotation of the drumisinduced by two friction-driven
rollers. The installed drives offer alarge reserve of torque and were
engineered to repeatedly handle a wide and varying range of loads
and rotation requirements.

The rotational speed of the drum can be adjusted in the range of
0.3 rpm to 3.0 rpm to adapt the retention time to the needs of the
specific material. AF is fed into the Pyrorotor® via sluice systems
like rotary airlocks or double pendulum flaps to prevent false air
from entering the system.
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Gorsel 3: Pyrorotor® bilesenleri
Picture 3: Pyrorotor® components
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Gorsel 4, doner firin ve kalsinatdr arasina yerlestirilen
Pyrorotor®u gosteren bir gaz akis semasidir. Tersiyer ha-
vanin kontrollQ bir kismi, Pyrorotor®a gereken sicak hava
akisini saglamak igin kollara ayrilir. Yakit tirtne ve arzu
edilen yanmaya bagli olarak, Pyrorotor® icindeki yanma
islemi degisen lambda seviyeleri ile galistirilabilir, boyle-
ce enerji tasarruflu ve azaltilmis emisyon optimize edil-
mis yanma icin belirgin bir yanma prosesi elde edilebilir.
Donen tamburun icinde yeterli tutma suresinden sonra,
killer dogrudan firin giris beslemesinin bir pargasini olus-
turduklari firin ylkseltici kanalina (riser duct) birakilir.
Yanma cikis gazlari ve suruklenen kuguk yakit pargacik-
lari, normal kalsinatorde ikinci bir yanma asamasi olus-
turmak igin dénen tamburdan ayrilir. Genis bir lambda
araliginda calistirilabilen bu asamali konsept, enerji ve-
rimliligini ve NO, azaltimini biyuk 6lgide kolaylastirir.

Picture 4 is a gas flow sheet that depicts the Pyrorotor®
positioned between the rotary kiln and the calciner. A
controlled portion of tertiary air is branched off to provide the
required flow of hot air to the Pyrorotor. Depending on type of
fuel and any desirable combustion, the combustion process
inside Pyrorotor® can be operated with varying lambda-
levels, so that also a pronounced pyrolysis can be achieved
for energy-efficient and reduced emission-optimized
combustion. After sufficient retention timeinside the rotating
drum, the ashes are dropped directly into the kiln riser duct,
where they form part of the kiln inlet feed. Combustion off-
gases and entrained small fuel particles leave the rotating
drum to create a second stage of combustion in the regular
calciner. This staged concept, which can be operated within
a wide range of lambda numbers, greatly facilitates energy
efficiency and NO, reduction.
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Gorsel 4: Pyrorotor® gaz akis semasi
Picture 4: Pyrorotor® gas flow scheme
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Referanslar

2017'deki ilk kurulumundan bu yana, bugiine kadar toplam on
Pyrorotor® kuruldu. Gérsel 5'te, kurulu bir Pyrorotor®‘u ve ger-
ceklestirilmis bir kapasite artis projesinde elde edilen perfor-
mans dederleri tablosu yer almaktadir. Kalsinatérin toplam
TSR'si %98 olarak gerceklesmis ve ek olarak fosil yakitin yal-
nizca klicUk bir kismi kalmistir. Bu Pyrorotor®da, 3D olarak 300
mm'‘ye kadar kenar uzunluguna sahip ham RDF yakilir.

Gorsel 6'da, mevcut bir dnisitici kule yapisinda bir Pyrorotor®un
tipik bir yerlesim diizenlemesi gorilmektedir. Pyrorotor® dog-
rudan doner firina paralel olarak yerlestirildiginden, mevcut bir
tesiste Pyrorotor®un kurulumu igin neredeyse hicbir sinirlama
yoktur. Mevcut on isitici kulesinde yer olmasina veya buna ek
yUk eklenmesine gerek yoktur. Tersiyer hava kanall ve malze-
me beslemesi icin tim baglantilar serbestge yerlestirilebilir.
Bu tarihe kadar, Pyrorotor® halihazirda gesitli Greticilerin farkli
tipte kalsinatorlerine uyarlanmistir. Ayni zamanda bir kalsina-
tor modifikasyonu ile birlestirildiginde daha da blyUk bir fayda
saglayabilir. Boylece %85'in izerindeki TSR seviyeleri ile birlik-
te Uretim artisi ve emisyon azaltimi saglanabilir.

References

Since its first installation in 2017, to this date a total of eleven
Pyrorotor® have been sold. Picture 5 shows an installed Pyrorotor®
and a table of achieved performance values in a realized upgrade
project in Europe. The total TSR of the calciner is 98% with only a
little portion of fossil fuel remaining as backup. Coarse WDF with up
to 300mm edge length in 3D is burned in this Pyrorotor®.

Picture 6 shows a typical retrofit arrangement of a Pyrorotor® in
an existing preheater tower structure. As the Pyrorotor® is placed
directly over and parallel to the rotary kiln, there is almost no
limitation for retrofitting a Pyrorotor® in an existing plant. There
is no need to have space in the existing preheater tower or to add
additional load to it. All connections for the tertiary air duct and the
material feed can be placed freely. To this date, Pyrorotor®hasbeen
retrofitted to different types of calciners from various suppliers
already and can produce an even bigger benefit, if combined with
a calciner modification at the same time. Production increase and
emissions reduction can then be achieved alongside TSR levels
above 85%.

Gergeklesen Degerler

Realized Figures

Termal ikame Alternatif Yakit

i } > %98
Thermal Substitution Alternative Fuel
Alternatif Yakitin Kiitle Akisi ~121/s
Mass Flow Of Alternative Fuel
Alternatif Yakitin Fiziksel Ozellikleri 3B Malzeme
Physical Properties Of Alternative Fuel @ 300mm
Pyrorotor hizi® 0,8 rpm

Speed of Pyrorotor®

Pyrorotor® Girisinde Sicaklik

Temperature At Pyrorotor® Inlet 850°C - 950°C

Pyrorotor® Cikisinda Sicaklik

~1100°
Temperature At Pyrorotor® Outlet 00°C

Gorsel 5: Pyrorotor® kurulum ve
calisma degerleri

Picture 5: Pyrorotor® installation
and operating values
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Gorsel 6: Pyrorotor®un mevcut bir n 1sitma kulesi yapisina uygulanmasi
Picture 6: implementation of a Pyrorotor® into an existing preheater tower structure

Ozet

Pyrorotor®un ¢ok yonliliga ve saglamiigi gimento endustrisinde
benzersizdir ve diger AF kullanim sistemlerinden daha iyi perfor-
mans gosterir. Uzun tutma slresi ve sabit AF ve sicak tersiyer hava
karisiminin kombinasyonu sayesinde mimkuin olan en yiksek TSR
degerleri elde edilebilir. Bu kosullar bir araya geldiginde, herhangi
bir yakitin tamamen yakilmasini sadlar ve neredeyse her tirli ha-
zirlanmamis atik malzemenin kullanilimasina izin verir. Genis lamb-
da degeri araligi sayesinde, gazlastirma, yiksek verimli bir termal
dénisim ve ayni zamanda NO, azaltimiigin yogunlastirilabilir.

Pyrorotor®, hem ekonomik hem de ekolojik olarak strdurulebilir
bir gelecege yapilan tek seferlik bir yatinmdir. Bir ¢imento fab-
rikasini tekrar tekrar modifiye etmeye gerek kalmadan, bugln
veya gelecekte mevcut olabilecek herhangi bir atiktan tiretilmis
yakitin alternatif yakit segenedi olarak kullanilmasini saglar. Ayri-
ca, bir Pyrorotor®, atiklari gimentoya donlstlrdigu igin gimento
ve klinker Gretiminin ekolojik ayak izini azaltirken ayni zamanda
NO, emisyonlarini da azaltir. Pyrorotor®, KHD'nin temsil ettigi seyi
temsil eder: hem sirdirulebilir ve uygun maliyetli bir ¢gimento
Uretimi hem de daha temiz bir gevreyi mimkun kilan teknolojiler.
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Summary

The versatility and robustness of the Pyrorotor®are unique in the
cement industry and outperform similar AF utilization systems.
Highest TSR can be achieved thanks to the combination of long
retention time and constant mixture of AF and hot tertiary air.
Combined, these conditions ensure a complete burn-out of any
fuel and allow the use of almost any type of unprepared waste
material. Due to its wide range of lambda-value operability, the
gasification can be intensified for a highly-efficient thermal
conversion and NO, reduction at the same time.

The Pyrorotor® is a one-time investment into a sustainable
future, both economically as well as ecologically. It enables the
use of any waste derived fuel, available today or maybe in the
future, as alternative fuel option without the need to repeatedly
modify a cement plant. Moreover, a Pyrorotor® reduces the
ecological footprint of cement and clinker production because
it transforms waste into cement, while also reducing NO,
emissions at the same time. Pyrorotor® represents best what
KHD stands for: technologies that enable both, a cost-efficient
cement production, and a cleaner environment.



