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Abstract

In this report focus is put on the combustioncpss at a cement plant. Combustion is the
heart of the cement making process and absolutetyat to have under full control and well
optimized.

The fuel is put into the process through a bupipe and this burner pipe is modified to
reach a more efficient combustion. The primaryagig to enable burning of heterogeneous
alternative fuels and increase the production le@¢her positive effects from this type of
optimization is lowered specific fuel consumptiorddowered CO2 emissions.

A redundant burner is chosen for the project@retall the project steps are the following:

1. Installing a Jet air nozzle ring in a way so it ecaave both axially and radially due to
temperature changes.

2. Remove the present refractory from the burner addroa new form to decrease the

weight of the burner

Place a K6 blower in operating the axial channel.

Install Gauging equipment (Temp, pressure, amplergds etc)

Carefully observe process values during the matlifi@rners run in time.

Evaluate the results of the project

With the help of proven potential in the kiln systée able to convince management

of the proceeds to invest in a new burner

If point 7 is fulfilled with the help of experiencdée able to operate as a project

coordinator in the purchase of a professional burféis task will include

coordinating the project group in various meetiagd then lead to an RFQ (Request

For Quotation).

Noohkow

o

Results from the project show the great potemian optimization of a burner at a cement
plant. A production increase of 5% could be seeayetteer with a lowered specific energy
consumption which is extremely satisfactory resulimfortunately a breakdown of the
system occurred a bit down the path of optimisatiat resulted in damages to the kiln. At
this stage the optimization was stopped and thebalder was put back after finished kiln
repair.

Finally crucial to underline is that the provessults in this study convinced the Group
Management of buying a new burner. The benefits feoprofessional tailor made burner are
far greater than the cost of buying it. The paybi@tie is roughly around a year for such an
investment depending on current market conditions.






Sammanfattning

Dagens cementtillverkning ar en avancerad ochslaitig process. Driften kraver
hogteknologisk produktionsutrustning och modernargakningssystem. Det &r en blandning
av kalksten och lermineral som utgdr basen vid cgtitigerkning. Blandningen krossas och
mals till ett torrt och fint pulver, kallat rAmjoRamjolet branns i stora roterande ugnar dar
temperaturen i slutskedet av processen uppgarotiir 1400°C. Vid dessa extrema
temperaturer omvandlas ramijolet till flera glaskdmineral som kan liknas vid porslin, kallat
klinker. Klinkern mals sedan tillsammans med bli. gips och jarnsulfat till ett graaktigt
pulver — cement.

Rapporten fokuserar pa forbranningen som ar téijar tillverkningsprocessen. Bréansle och
luft tillsatts genom en "lans” och det ar just danlans som i rapporten modifieras for att
uppna en mer effektiv forbranningsprocess. De manmadlen ar att mojliggora forbranning
av fornyelsebara branslen i anlaggningen samtrafilla en produktionsékning. En naturlig
foljd av optimeringen blir ocksa en sankt energdifakning per enhet tillverkad produkt och
minskade koldioxidutslapp. Vid férbranning av foetsebara bréanslen tillfors som bekant
ingen koldioxid "netto” till atmosfaren da den aegéle koldioxiden redan ar i kretslopp.

Forbranning handlar om att omvandla den kemiskihdna energin i ett brénsle till
varmeenergi. Vid cementtillverkning skall dennaméenergi sa langt som det ar mojligt
absorberas av ramaterialet sa att detta pa ektieffsatt omvandlas till klinker som sedan
slutligen blir cement. Har handlar det bade om ratiximera forbranningen i sig och
overforingen av varme.

Brannarmomentet ar ett centralt begrepp som hesknur effektivt férbranningen sker i en
roterugn. Bra&nnarmomentet definieras enligt:

la=ma*va/ Pth

dar
la = brannarmomentet [N/MW]
ma = massflodet for primarluften [ kg/s ]
Va = hastigheten for primarluften [m/s]
Pth = termisk last genom brannarlansen [MW]

Nuvarande brannarmoment i anlaggningen ar 1,3N/MWskall i projektet na en niva av ca
B6N/MW vilket &r lampligt for att pa ett effektiviigt branna aktuell branslemix.

Forsta greppet i projektet ar att 6ka massfladét hastigheten for primarluften vilket sker
genom ombyggnad av den befintliga brannarlansendsdta projekt utgar ifran. En ny Jetluft
kanal byggs som Okar la och ma i ekvationen. Vidgmaden av denna kanal tas en rad
kritiska faktorer i beaktning dar den termiska exgpanen ar viktigast av allt. Denna l6ses av
en jetluft ring som kan rora sig bade axiellt oclliellt med vaxlande temperaturer langst
fram i brannarnosen.



Nasta steg blir installationen av en ny kraftfolismaskin som klarar av att leverera ratt
volym primarluft med Onskat tryck. Blasmaskinentatigras i ett specialbyggt ljudisolerat
utrymme och ny ledning for luften dras fram tilBbnarlansen.

Vid ombyggnaden av framst jetluftkanalen Okar nbtlansens vikt med foljden att
utrustningen som anvands vid monteringen inte klaedastningen. Lésningen har blir att
tillverka en helt ny form for gjutning av det eldfta material som omger brannarlansen. Det
skyddande eldfasta godsets tjocklek gar fran 70ti#hr65 mm vilket ger en viktminskning
fran 3250 kg till 2972 kg. Utrustningens kapacjtét3000 kg ar nu tillracklig. Kvarvarande
lager av 55 mm skall vara tillrackligt som skyddiginden undersdkning som gors.

En rad hjalpmedel for att kunna overvaka den firdte processen pa ett lampligt satt
monteras. Apparatur foér temperaturméatning, flodéamg, tryckmaétning, spjallagen och
amperematning installeras pa flera punkter i systervied dessa hjalpmedel bor den
modifierade brannarlansen kunna operera pa ettrtsd@éat dar operatdren har goda
mojligheter att vidta snabba pricksakra atgarder.

| nasta skede installeras brénnarlansen och eptigen av férbranningen kan boérja.
Tekniken &r att oka brannarmomentet successivt auhialnivan ar lag. Hogre
brannarmoment innebéar ocksa okade temperaturganl&arfor forsiktighet maste iakttagas.
Redan under forsta perioden med en mattlig hoj@wngorannarmomentet marks positiva
effekter pa ugnssystemet. Nar sedan jetlufttrycikés sker ett mekaniskt haveri pa
blasmaskinen vilket ger ett luftlackage svart amptécka. Detta fordrojer optimeringen som
aterupptas 10 dygn senare efter reparation av blsignen.

Optimeringen styrs nu mot 0,32 bar vilket motavatt brannarmoment pa ca 5N/MW och
effekterna ar tydliga. Trycket hojs stegvis darj@ary niva och effekterna av det instéallda
trycket noggrant utvarderas. Effekter som sanktifigeenergiforbrukning visar pa en val
definierad ldga med ©kat intensitet som pa ettkéffare satt overfor varmeenergin fran
branslet till materialet i ugnen. Temperaturen rbfanningsomradet 6kar aven den vilket
tyder pa samma scenario.

Effektivare forbranning mojliggér en 6kad prodokisnivd och detta innebar att ugnen
under forsoket producerade ca 5 % mer produkt am gjert under perioden innan.
Understrykas ska att produktionsstérningar uppeaadder férséksperioden men periodvis
var ugnsmatningen mycket hdg. Alla monterade hjageh fOr processévervakning
fungerade som det var tankt, dock framstod eftattenfel temperaturintervall hade valts for
Overvakningen av brannarlansens temperatur. Undetetsav forsoksperioden gick
termoelementet upp i 600grader vilket var max @échdar. Beslutet togs att kora vidare med
forsoket trots att brannarlansens faktiska temperatr okand.

Kolmonoxid nivaerna studerades under forsoket pekade aven de pa en effektiv
forbranning. Utmaningen vid forbrdnning i en cemognt ar att undvika det lokala
syreunderskott som uppstar fast det stokiometrfigkzallandet ar det ratta. Battre blandning
av branslet och forbranningsluften ar har nyckélrsokslansen ar har synnerligen effektiv
dar den forhallandevis stora volymen primarluft sillsatts med hdg hastighet skapar en hog
grad av turbulens genom friktion mellan luftlagrdirannzonen. Foéljden blir att &ven branslet
blandar sig effektivare med forbranningsluft medung&ande kolmonoxid nivaer i
ugnssystemet som foljd.

Forsoket kom aldrig langre an till denna milseolga ett stérre haveri intraffade. Stora
svangningar i kvaliteten pa ramaterialet i kombon med denna optimerade



forbranningsprocess ledde till 6verhettning av fanmingsomradet. Ugnen stoppades
omedelbart vid detta tillfalle och reparerades sdigttsom den aldre typen av brannarlans
aterigen monterades.

Slutligen bor understrykas att det som bevisadesna studie 6vertygade koncernledningen
om behovet av en modern brannarlans. Nyckelpersgaes insikten om att férdelarna med
en modern brannarlans vida 6verstiger kostnadémdensamma. Aterbetalningen for denna
typ av investering understiger ett ar givet attknadsforutsattningarna ar de ratta. En kort tid
senare kom inhandlingsforfarandet av en ny modginrarlans igang.

De samlade erfarenheterna under detta exametesaibdorhoppningsvis betydligt mer
vardefulla an kostnaden for att reparera ugnem béeeriet.



Glossary

Kiln: Big oven for making of cement.

LSF: Lime saturation factor. A higher LSF means highgec#fic energy consumption, the
material becomes harder to burn.

Clinker: The product is taken out of the kiln and is laterground to cement.

Clinker factor: This is a fraction of what is put into the cyclosgstem as raw meal and
taken out as clinker. The factor used here is Oléds means that every kg put into the
process gives 0.64 kg of the product; clinker.

Shell: The outer boundary of the kiln in this case.

Refractory: Protection of the production system against hegpeEially the kiln section is
crucial with high temperatures.

Coating: A layer of molten and then stiffened raw meal. Tlaiger covers a big part of the
kiln.

Volatile: A substance with a special property. It volatdizend condensates in the kiln system
and is therefore accumulated. A source to prodncetated problems.

Momentum: Measurement of a burner and it’s capacity.

RFQ: Request for quotation

Alternative fuels: Fuels coming from biomass.

“K6 blower”: Blower from an old part of the plant no longer seu

Primary air: All air going through the burner itself.

Secondary air:Hot air used for combustion coming from the kilistgyn.

Radial air: A part of the primary air coming into the kiln alstgerpendicular to the burner
direction.

Stoichiometry: The theoretical air necessary for combustion.

Heat balance:A balance where heat in is compared to the hewirlgéhe system. Sources of
false air and other leakages can be detected #ys w

Flame impingement:If the flame is touching the outer boundary of kiie.

False air: Air not wished for - leaking into the system be@uo$the under pressure present.
Burning zone: The zone where the coating is present.

Run factor: How big part of the total time available the kisnrunning.

Differential Pressure: Describes pressure drops within the system.
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1 Introduction

1.1 Background

After four years of studies at the university thatim semester constitutes of this Final Thesis
which will be carried out at Cementa Slite, Gotland

Ever since 1998 the author of this final degfeesis has been employed within Cementa
AB. The employment has through the years involvegrént duties. After finishing upper
secondary school in 2001 the author got a permgabrds an operator at the Cementa plant
in Slite, Gotland. As an operator at the plant Wiele production spectra is “filled”. The
entire process is to be studied and this makeslly good platform to start from. In August
2004 when the author moved to Uppsala and the rtgiiyethe interest in energy related
guestions was awoken. The choice of Master of 8eign Systems Engineering seemed
natural at that stage.

Cementa AB is a part of the global Heidelberg €entGroup with 75000 employees all
over the world.
The cement production in Slite started at 1919 uatiy around 2 million tons of cement is
produced and the plant has 207 employees. At ttiet phany different types of cement is
produced with different properties. Conditions ba market are quickly changing with some
market areas increasing and others decreasing.bfg eement plant it is crucial to meet the
customers’ demands from time to time and theretioeeplant has different types of cement.
Properties wanted by the customers are: high fstr@ngth, quick reacting cement and a
cheap type for example. The cheap type is usedinviineas where money is a great
limitation. A big part of this cheap cement goe#\faca. The different types of cements have
different names and different markets where theybaing distributed.
Times are quickly changing in the cement industrg aew demands are coming up. As an
engineer there is a never ending work in developeg solutions for the future.

At the cement plant on Gotland there are twoeddht kiln systems where the clinker is
being made. Kiln 8 is the most modern one with lifghest production. It produces around
230t clinker/h under full production and the congtion of alternative fuels is also high. The
environmental investments are done on this biggdrraore modern kiln. The more modern
system present here is a lot easier to adapt agdiamative fuel firing than kiln 7. The older
kiln 7 has a more moderate production of aroundcbOker/h and the main fuel is fossil. The
target of this final thesis is to rebuild the buraed prove the potential in the kiln system
with a modern burner design. Potential refers iis ttase to production level, energy
consumption etc.

The background to the whole project is a rejectiegarding current investment in a new
burner. The burner used in the kiln 7 is outdated aeeds to be replaced with a new one.
Since 1969 when the current burner was installeavénl lot has happened to the kiln. Much
indicates that the current problems with the chamisf the kiln system and low production
are associated with this outdated burner.

In a big group like Heidelberg Cement all invesihts have to be motivated in an
adequate way. The “battery limit” of this projest to make a basis for a new burner



investment and to prove the possibilities of praducimprovement. Each kiln system is
unique and the theoretical and practical anglespptoach are different when it comes to
evaluation of the possibilities. If this projecoges a great potential regarding kiln 7 this
will be a strong argument for the future burnerghase.

Money earmarked for investment is limited anddahguments used to illustrate the necessity
of a particular investment must be substantiatiethel project is successful and implemented
in a good way it increases the likelihood that myiseearmarked for burner purchase further
on.

The larger investments made in Slite is roughbuad 90 % for the bigger kiln 8. Regarding
development on kiln 7 it is difficult to motivatee high costs of the investments. Therefore
the decision was taken to use the skills of the lepges on the plant to develop a
“homemade” solution. The mechanical departmenteis/ \experienced and in cooperation
with an engineer’s calculations and drawings it ead up in a good way. The cost is also
much lower when using material and competence traplant.

1.2 Purpose and problem formulation

The purpose is to make a clear picture of thesibdities to increase the production rate and
to burn alternative fuels on kiln 7 Cementa AB &liMeasure taken is a modification of the
burner U7 in an appropriate way. After proven, plogential in the kiln system with the new
burner solution, the aim is to buy a “professiortaifor made burner. To motivate the money
for the investment this burner modification projentl final thesis are important.

The problem formulation is as follows; how do yoebuild the burner to increase the
capacity of the kiln and to be able to burn altéuesfuels?

1.3 Method

The following bulleted list explains the stepdhie thesis briefly and structurally. Resources
will be used internally in the company in orderr&ach a satisfactory result at the lowest
possible cost. The work consists of a feasibilttydg followed by practical experiments and
then a comprehensive evaluation. Overall, the waxkept the pre-study consists of the
following elements:

1. Installing a Jet air nozzle ring in a way so it caave both axially and radially due to
temperature changes.

2. Remove the present refractory from the burner addroa new form to decrease the

weight of the burner

Place a K6 blower in operating the axial channel.

Install Gauging equipment (Temp, pressure, amplereds etc)

Carefully observe process values during the madlibierners run in time.

Evaluate the results of the project

With the help of proven potential in the kiln systée able to convince management

of the proceeds to invest in a new burner

If point 7 is fulfilled with the help of experiencde able to operate as a project

coordinator in the purchase of a professional burrighis task will include

coordinating the project group in various meetiagd then lead to an RFQ (Request

For Quotation).

Nookow
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1.4 Not within scope

Make a complete picture of the possibilities torbalternative fuels; plastic pellets etc.
The aim of this project is to create a basis fothier development regarding alternative
fuels firing.






2 Cementa AB

2.1 Cement

Cement can be described as fine grained powdde roat of limestone and clay minerals.
With respect taken to volume it is used more thanaher industrial product. Cement is used
to produce concrete, a mixture between cement,rwatd a filler of gravel and stone.
Concrete is highly durable and has got a high gtreand formability. The technical and
economic lifetime is also good and consequentlycoste is our most important building
material.

The cement industry is very energy intensive #ra environmental work is important.
Cementa has chosen to work with an environmentalagement system named 1ISO 14001.
This is a framework for controlling, monitoring aedaluating environmental work. The hard
work has resulted in among other things, 90% redadh emissions of nitrous oxides and
sulphur. In energy intensive industry the contimi@mnvironmental work includes reducing
the dependence on fossil fuels. Within Cementausege of alternative fuels has broaden
from the middle 90s when first introduced. Todag émvironmental companies delivering the
alternative fuels can offer constant energy vahe standard quality. The plant solutions are
adapted for burning alternative fuels and the foacof alternative fuels is increasing. The
following table shows the development in alternafivel usage at the Slite plant.

Year Part alternative fuels (%)
2008 31% actual value

2009 41% target

2010 47% target

2015 70% target

Table 2.1-1 Prediction of alternative fuel usage

A big part of the major projects at the Cemeranp are either to increase the use of
alternative fuels or to lower the emissions. Alisthogether makes Cement and the final
product concrete environmentally competitive whempared to other building materials on
the market. The environmental image has markedproned in recent years. Classic issues
that dealt with technology and economics were eariainly focused on. Today issues that
deal with environmental impacts or different coanstion materials, comfortable housing,
energy and health are becoming more and more iaoi€ementa has a motto often heard
to show that concrete sufficiently meets the reguents set by today’s society; “Healthy
building with concrete”!



2.2 Cement production

The tradition of using cement is long in Swedermm an international standpoint Swedish
architectural design and construction techniquesdssidered very advanced. Skanska
Cement Ltd. was founded in 1871 and one year thtefirst cement plant in Sweden was
opened. This was the beginning of today’s Cememtiasance then there has been a total of 14
cement plants in Sweden. Today three differenttplane in operation. They are located in
Slite on the Baltic Sea island of Gotland, in Sk&wvith Véastergétland County and in
Degerhamn on the Baltic Sea island of Oland.

& Cemenfabrk

m Facts about Cementa

Lulea

Employees 425 S
Turnover 1,3 billion SEK
Yearly production appr 3.1 million tons
Plants 3
| Terminals 15

CEMENTA

HEIDELBERGCEMENT Group

Figure 2.2-1 Cementa in Sweden, Cementa AB 2007

Cementa has also got 15 terminals located iremifit areas of Sweden. Cementa has
developed a transport system with vessels and naisto be able to distribute the goods in
an environmentally-friendly manner. From the swatally located terminals the goods are
further transported by train or special bulk-cargyirucks. The shipments are made in totally
closed systems which mean that the managementdigally dust-free. Cementa has got
three custom-built ships to transport cement toténminals as well as for export out of the
country. Our transports by ship account for clas8 %6 of the total Swedish coastal shipping.
Of Cementa’s total production approx. half is eigrand supplied from the Slite plant. A
big part of the exported cement goes to the Uriiiades and Africa among other countries.

With experience and knowledge gained from ovegrgury of operation, Cementa is today a
high tech and modern company. Developing new prsgdukeeping good quality and
establishing in new markets are the main targetthe®company.



2.3 Production process Cementa Site, Gotland

The bedrock on Gotland is great for cement prodngurposes. Gotland has got a long
history within the cement industry and as far baskhe 11 century limestone was exported
from the island. Especially in the northern parGaftland the limestone was easily available
and the limestone industry coloured the whole $pdieere. In April the #1919 the first
rotary cement kiln was started up in Slite. Thenpleas top modern and ever since then there
has been continued production in Slite.

Today the Slite plant is one of the biggest amdtenergy efficient cement plants in Europe.
The production is controlled and supervised by caiens and the emissions are minimal. The
plant produces several types of cement; constmuatement, rapid hardening cement and
different types of cement for export. During theinproduction process samples are taken
and analysed to guarantee the quality of the ceprextuced. Advanced control systems are
used for the analyses. The Slite plant produce% 7 all cement in Sweden and the plant
has 207 employees.

Shortly described cement is made from a mixtdrénoestone and clay minerals that are
crushed and grained into a fine powder. In bigrgotalns the powder, called raw meal, is
fired. The internal temperature in the kilns is @b®400°C and during the firing process the
raw meal is converted into a number of mineralsewtine material has gone through the kiln
it’s called clinker, which is ground to cement. Tdement is then distributed to big parts of
the world. A schematic and more detailed descmptibthe production process follows:
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Figure 2.3-1 Cement production flowchart, Cementa AB
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Quarrying. Limestone and marl are needed to produce cenmahtoa Gotland the
bedrock is favourable for this type of activity.

. Crushing. In the big hammer-crush the rock is crushed toappropriate size. The

maximum size is 80 mm which makes it possibledangport and handle.

Mixing storage piles. In these stockpiles mixing of the raw material &lgtace to
achieve the best possible uniform quality. Thivesy important to maintain uniform
chemical properties. These stockpiles also actlagfar stock for the raw mill.

Raw mill. The rock is ground into a fine powder in this milhich is the biggest in
Europe. All grounded particles are below 0.09 mmaize. In this process the material is
at the same time mixed, dried and ground.

Electrostatic precipitator. The flue gases are carrying a lot of dust reledised the
kiln. The particles are caught in this electrostgtrecipitator due to their “static
electricity” properties. This solution is highlyfiefent and almost all of the particles are
caught.

Sulphur removal facility. This is a “wet scrubber” where the gases are beiashed.
The gases reach here after passing the electraipjiedor. The acid flue gases are
neutralized with the help of the basic solutiorgugrd limestone in the scrubber slurry.
Raw meal silos. This is an intermediate storage for the grolime:stone.

Cyclone tower with pre-calcination. This is an important step of the production and it
takes a lot of fuel for the precalcination to occunder the precalcination process
calcium carbonate is split into calcium oxide aadoon dioxide. This reaction is energy
intensive and endotherm. The reaction formula i€Q@a> CaO + CQ

Kiln. The kiln is the most essential part of the productiThe kiln is a rotating steel
cylinder which is between 60 and 80 meters longidm the rotating steel pipe the
material is slowly conveyed down to the burner @adonverted into clinker. In the
“burning zone” the temperature is around 1450 degrdt is in this area the actual
project “Optimization of Burner kiln 7 Cementa 8fitwill take place. The heat comes
from coal and alternative fuels. To optimize thigrtpof the process is of highest
importance.

10.By-pass filter. The cement produced at the plant is of a highityuahd the bypass

plays an important role to achieve that. Too mudtala content in the cement
negatively affects the durability of the cementduweed. Therefore a part of the gas
stream in the preheater tower passes through er fii remove the alkalis in a
condensation process. The bypass filter acts asdeok purification unit. Another effect
of the bypass is a good environment in the prehéateer.

11.Clinker cooler. After the kiln the hot clinker passes though theker cooler. The heat

(energy) in the clinker is recycled back into thie kvith the hot gases from the cooler.

The air is blown through the clinker under highgsuere. The purpose is both to reach
better transport properties for the clinker latario the “transport chain” and to take

care of the important energy stored in the hotkelirto reach an effective combustion.
This will be described in detail later on.

12.Electrostatic precipitator. Gases from the cooler pass through this filter white

cleaning process before the outlet takes place. dimgronmental regulations are
becoming more and more sharp these days and theahtent allowed in the outgoing
gases is very low; 30 mg/Nm3.

13.Clinker silos. When the clinker is processed the storage of ithishied clinker takes

place in the clinker silos.

14.Gypsum and additives storage.n the next step the clinker is ground to become

cement. (See 15). This grinding process is quiteacked and several additives are put
in with the clinker. Gypsum and other additives stged to be ground together with the



clinker. For example the additives affect the bongdime of the cement and many
other things. Several qualities of cement are beiage and the dosage of the additives
plays a fundamental role when it comes to propedigehe cement.

15.Cement mills. The finished cement is produced by the cementsmilhe clinker is
ground together with gypsum and other additivesiddtone is also put into the process
here to gain the properties required.

16.Cement silos and unloadingThe produced cement is put into an intermediateage.
From this storage the finished cement is loadedgusi closed system onto ships or
trucks.
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3 Theory

3.1 Feasihility study

The target of the whole project is to increasefhoduction of kiln 7 and enable alternative
fuel firing. The goal is to reach 1500t/h produntiand among other things this final thesis
will be one important part of the work to get thdbeiring the “big stop” spring 2008 a lot of
improvements were made in the kiln system. Theeeifois difficult to draw a conclusion on
how big the burner’s contribution is to reach tlalg To reach the “production target” with a
production of 1500t/h other issues must be addddgse (Taylor, 2007):

11

A functional kiln bypassThis is a unit to catch the volatiles that ciatalin a cyclone
tower system of a kiln. It can briefly be descrilzexda vacuum cleaner that cleans the
system from elements not required. The bypassmsystekiln 7 is newly installed and
during the run-in time some problems arose. Duitivgglast period of time this setup has
worked in a satisfactory manner
Burner alignment along the kiln axi$o distribute the heat in the right way is crlibath
for the combustion and for the refractory in a ceti@ln. If the direction of the burner is
not correct a likely development is that of a “lspbt”. This means that the refractory is
damaged in a certain area and in the worse cadalthieas to be stopped and the bricks
replaced. This is extremely expensive due to domatof the kiln and refractory costs.
When burner momentum is increased the alignmettieoburner is even more important
than before. To utilize the hot secondary combustis at a maximum rate the burner
needs to be centered and the distribution of tharaund the burner uniform.

Correct fuel preparation metering and transpdra have a uniform quality of the fuel is
extremely important. When combustion and flamepignoized the margins become
smaller and fluctuations in the quality must beided. The system is pushed closer to the
border for what it is capable of and this placesagdemands on the surrounding
equipment.

Appropriate oxygen target levdihis is for the combustion to be complete so adirgy in
the fuels can be used. The energy delivered fretdmbustion is depending on the level
of completeness:

The complete oxidation of carbon
C + Q> CO; + 394kJ/mole (94 kcal/mole)

The incomplete oxidation of carbon:
2C +0,~> 2CO0O + 221kJ/mole (53 kcal/mole)

This gives an indication of how importanisito keep the right oxygen levels.

In the other case when the oxygen level is tob mgich cold primary air is dragged into
the system and the energy utilization isn’'t optitnetause of the heat up of all this extra
air.

An effective backend gas analyz&s. already mentioned the,@nd CO levels are crucial
to measure and regulate.

The NG level in the outgoing gases gives information abibxgt combustion process.
High peak temperatures in the combustion zone teddgher NQ levels amongst other
things (Mrowald, 2007). Today’'s environmental regidn is strict and the NO
emissions are controlled by injecting ammonia dlutat the Slite plant. SNCR the
method is called and it is highly effective. 3@missions also have to be kept in order by
running the kiln in an appropriate way and by otimeasures.



» Stable kiln feed chemistiyo keep the kiln feed chemistry in the right ramgef highest
importance. The specific energy consumption is agrather things depending on the LSF
factor. To maintain a high and constant feedingh® kiln is impossible if the LSF
fluctuates too much. Either the kiln gets too catdl the feeding has to be reduced or the
kiln gets too hot which is extremely dangerousfi8ulecirculation is another issue that
the kiln feed chemistry strongly influences. Ciatidn of volatiles is described
thoroughly in the chemistry section later on.

* Optimized heat transfer in the kiln preheatddaption of the gas flows and speed is
crucial when it comes to heat exchange betweermdhegases and the colder kiln feed.
Simulating these gas flows is difficult and reqaigood knowledge in fluid mechanics
and complicated simulations. Optimizations havenb@ade a couple of times during the
kilns history and it is important to bear in mirkdhat all parts of the system are connected
to each other. Particle size of feeding mater@esl of gas streams, retention time of the
material and so on are important parameters taat@bnd consider after every change of
the preheater system.

Current burner at Kiln 7 Cementa Slite has a nmaoma of 1.3 N/MW which is far below
the level of 6N/MW that is appropriate for burnipglverized coal. Different types of fuels
require different level of momentum. When the fisedf a heterogeneous type, a higher grade
of momentum is necessary because of the varyinlifyjaad size of the particles. One of the
main targets is to burn plastic pellets in the kyistem. A momentum between 10-11 N/MW
will then be required. With such low momentum adatg other problems like poor flame
conditions, bad cooler performance, high shell terafres and high heat loss appear. To
increase the momentum and therefore be able todlarger amount of alternative fuels and
to contribute to a higher production, is the targéte way to get there is long and requires
knowledge within several different areas like costimn theory, fluid mechanics, cement
chemistry and refractory handling to mention sornhe most important ones.

There are other things that are of utmost impagawhen it comes to design of a burner.
Burner momentum plays an important role and is ipdotused on in this final thesis. Time
is too short to cover all the details. With measuiaken in this project a big step is made
towards a more efficient combustion.

12



3.2 Combustion theory

3.2.1 Combustion cornerstones

Primary air is defined as air passing throughlibmer. The primary air consists of axial-,
radial-, and fuel conveying air. The primary aitigdas often discussed and is the percentage
of primary from the required air for combustion. eTthower heat value and the heat
consumption in the present system decide the totedunt of air required for combustion.
High heat consumption or a low lower heat valueraases the requirement of air for
combustion (Mrowald, 2007).

The effective air for combustion is composed of $econdary air from the clinker cooler,
the primary air discussed above and false air pateg through openings and sealings.
Almost all equipment installed for surveillanceayperational purposes give rise to false air.
Ideally from a thermo technical point of view primgaair should be low and false air
completely avoided.

Effective combustion air

Required air for combustion Excess air
100 % 10 %
Primary air Secondary air False air
14 % 95 % 1%

Figure 3.2.1-1 Effective combustion air and its distribution

The types of fuel used and the necessary exadevels decide the effective combustion air
volume. The excess air is important to, as fara@ssiple, reach a complete combustion. The
mixture between the different gas streams or betwhke air and the fuel is never perfect.
Ideally an excess air level of 0 % is wished foceaese higher excess air levels give higher
energy consumption. Without excess air the CO faonawvould increase and other issues
arise like chemistry problems, combustion relateergy losses to mention a few. To find the
“correct” excess level is quite complex. With a nesbuilt burner the “correct” excess air
level will be different than before. With higheripary air velocities the mixture between the
gases and fuel will be better and a smaller amotieixcess air is used at optimum. Today
quite high CO levels are present despite the faatthe excess air level is high. This fact is
explained by the current burner and it’s poor ngdapacity.
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3.2.2 Combustion in arotary kiln

In the rotary kiln of a cement plant the combusis quite unique. Burner design is different
from other industrial burners, only a portion o ttombustion air passes through the burner
and is controlled by the burner designer. The pcbdaoler provides most of the air and the
aerodynamics of the flow is dependent on otherssunithe production system (Bhatty et al,
2004).

The most common methods when it comes to desigoiiagy cement kiln burners are:

* Kinetic energy: the cross sectional areas of thrednunozzles are here based on the
formula: PAV. With other words therimary air flow multiplied with the
(Velocity)?

* Momentum Flux: the cross sectional areas of thadiunozzles are here based on the
formula: PAV.Primary air flow multiplied with the Velocity. Here the primary
airflow is expressed as a percentage of the stowtiic air requirement.

» Jet Entrainment: The cross sectional area of tkeles are here determined from
quite complex calculations but can roughly be sifigal to the relationmg/(mge+my)
where
me = mass flow of entrained secondary air

ng = mass flow-rate of fuel and primary air througk burner
m= mass flow of secondary air

The first two approaches assumes a type of ichessd where the fuel and air is unaffected by
the secondary air and confinement of the rotary.kifrhe last approach with the jet
entrainment determines the degree of externaladation as the burner fuel jet mixes with
the secondary air. As mentioned earlier this apgras derived and carried out with the help
of complex calculations and therefore simplifiedantused in this final thesis. A clear picture
of the mixture between the jet and secondary atteurpresent confinement conditions is
crucial to have and is described in the picturewel
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Figure 3.2.2-2 Mixing and recirculation downstream a confined jet
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The jet entrainment technology is widely usedlmost all of the modern burners. All of the
methods mentioned above use the entrainment temiyol some way. A very high primary
air velocity comes out from the two first methodige primary air typically employs 5-10%
of the stoichiometric air requirement. More magsiyflof primary air at a lower velocity is
required of the jet entrainment method to provideouh momentum for external
recirculation.

Within the cement industry the mass flow and e#joof primary air is a central debate.
Heat balance calculations give a clear picturehef problem and suggest that increases in
primary air at a low temperature should be avoidete primary air reduces the thermal
efficiency of the kiln by replacing hotter secondair from the cooler. Ideally this is correct
but in reality a certain level of excess air isuiegd to avoid flame impingement and high
carbon monoxide rates. To maintain the productiba @ertain level a unique amount of
primary air is required depending on the feedirtg ta the kiln, systems characteristics and
false air to mention some of the most importaniass In practice, if the burner momentum is
insufficient to effectively mix the fuel with theesondary air, the heat consumption increases
by 2 % for every 1% increase in excess oxygen. Wiesmgning a kiln burner it is crucial to
be aware of the competing forces between minimitireggamount of primary and excess air
and to reach a high burner momentum. Many aspeetsogbe taken into consideration and
working with contra productive targets is challemgyi

For a safe and efficient combustion, good flatadity is important. The point of ignition
should be constant and located close to the buroezle. A fluctuating point of ignition is
severe and potentially dangerous. There is a higl of flame out and therefore large
amounts of un-burnt fuel can explode when lightiqpyagain. Stabilization is effected by
grind size, ash properties, volatile content anaveging velocity. The potential hazards are
many but still it is possible to produce a burnéhwhe right properties to ensure good flame
stability. To form an internal recirculation zonssj in front of the nozzle is the most effective
technique. Burning particles are carried back friamher down the flame and constantly
ignite the incoming fuel. This really stabilizegtfiame and anchors it to the nozzle.

There are a number of methods to achieve an interaiaculation zone:
* Swirl on the primary air
» Swirl on both fuel and primary air
* Swirl on the fuel

A very effective way of ensuring flame stabilig/through swirl on the primary air. Good
stability requires high levels of air and this chave side effects on the overall flame
characteristics like causing flame impingement be tefractory. Swirl on both fuel and
primary air requires gas fuels and this option heréfore not present here in Slite.
Traditionally re-radiation from the hot walls insithe kiln was used as the primary means of
flame stabilization. Today other methods are pretetike those mentioned above. A stable
and warm kiln contributes to flame stabilizationdanmaturally support the main steering
method with swirl on the primary air.
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3.2.3Present coal firing burner

Coal has got a very high emissivity and is theneethe best fuel for rotary kilns when ash
contamination can be tolerated. Compared to oil galthe ash content in coal is high but
within the cement industry this is not a problerneThigh emissivity gives high heat transfer
to the charge and the relatively low cost of coakeg a significant economic advantage
compared to other fuels. A drawback compared tmoijas is that coal is a solid material
which makes it a little bit harder to handle. Caosal quite heterogeneous of varying
composition and calorific value. Coal must alwagsdvound and dried before firing in the
kiln. Coal is by nature quite flexible and requieglexibility of burner design to allow the
use of differing grades of fuel.

The old burner on kiln 7 was initially built fail firing and was during the 1970s converted
to coal. The burner uses a relatively small amofiprimary air and its poor performance is a
consequence of inadequate fuel air mixing resuftiogn the low jet momentum.

Dual and multi fuel burners are nowadays widedgdiand very important. Present burner
used for kiln 7 has earlier been used for multl furgng. The burner is not tailor made for this
and it is always necessary to compromise the lalpacity. Multi fuel firing gives a real
flexibility in fuel choice which is important nowagls with a fluctuating world market. To
make a prediction of future fuel cost, and henaestment decisions, are very difficult. A
good working multi fuel installation allows utiliian of the most economical fuel currently
available. The primary fuel should as far as pdedie replaced by other by-product fuels as
petcock or plastic pellets for example.

3.2.4 Burner momentum

The rate limiting step in the combustion is thelfair mixing process. With the correct mix
combustion can occur rapidly with high flame tenspere and high radiative heat transfer.
Approximately 95 % of the heat distribution takésce through radiative heat transfer in this
type of process and therefore a high flame tempeyat of great importance. Negative
effects like convective heat loss and reducing t@ms in the kiln are minimized when the
flame is kept in shape and are intense. Under tiondilike the ones mentioned above the
demand regarding refractory is higher and surveska of the kiln shell is absolutely
necessary (Taylor, 2007). In Slite, kiln 7 does have a shell temperature surveillance
system. This fact makes the system more vulnettabtemperature changes because a long
time can pass before these variations are notf@adhe bigger kiln 8 a kiln shell scanner is
installed and the operator receives continuousrimétion regarding the kilnshell and its
present temperature and trends.

Further on higher heat transfer increases the gioduction and decrease the energy
consumption. Kiln chemistry is also clearly imprdvevith decreased blockages in the
preheater system. To minimize the reducing conustiib is important to avoid blockages and
build-ups in the kiln system; i.e. process stapilReducing conditions can also affect the
final product regard to strength development, wbilkg and a higher level of product
variability. In this way it is all connected andetlthemistry section of this report will go
through this further.
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The burner momentum describes how well the hwt,far combustion necessary, secondary
air is mixed with the colder primary air. The primpair is added to the process under high
pressure with high speed. There is a differencevdst radial and axial momentum and when
momentum is mentioned it normally refers to thaltatomentum (Mrowald, 2007).

The various burner manufacturers on the markieleifferent terms for how to calculate
the momentum. The most useful and easiest defingeems to be for the momentum. The
formula is described below and includes the prod@igrimary air mass flow and it’s velocity
at the burner tip divided by the thermal energyinp

la= Mg+ Va/ Pn
with
la = spec. axial momentum [N/MW]
My = mass flow of axial air [ kg/s ]
Va = velocity of axial air [m/s]
P = thermal power to sintering zone [MW]

For the equation to be useful the primary airumé must be known. Conditions to be
fulfilled are measurements of the airflows that exable. Cross sectional area at the tip of
the burner where the different air flow passes nalsb be known. Then the speed of the
different airstreams can be derived. Finally thertiial power is composed of the total input
of the fuels passing the burner.

The momentum formula is useful and makes it pdssio compare different burners.
Naturally difficulties occur when comparing the mamtum for different installations because
surrounding conditions are unique for each kilnteays Another fundamental question is
about the significance of this momentum value. Butmomentum is the product of air mass
flow and air velocity and therefore it grows wittore air and/or higher velocity. Important
things to consider are the energy cost and thealivieeat consumption. The energy cost
increases with more primary air and high air vealodBigger fans are necessary to provide
higher primary air flows and high velocity requiregh pressure fans. Higher energy costs
are the result of that. High primary air flow inases the overall heat consumption. The
drawbacks are negligible if the burn out of thel§us enhanced. An important factor to be
aware of is that the momentum increases againsiitinfvith higher primary air flows and
pressures. At a certain point the drawbacks becbigger than the advantages but most
interesting is to find the optimum. This means thdtigher momentum is not always better.
To find thecorrect momentum is the main target and the aim of thigegt.

Back in the 90°s a lot of focus was put on the émnissions burners. Low emissions burners
mainly refer to low NQ emissions. During the last period of time the amass has
increased regarding NOand the environmental impacts it causes.xNOts as an indirect
greenhouse gas and as an acidification elemeritettdyreenhouse gas means that some of
the NG is transformed into a direct greenhouse gas. A paathe NQ is for example
transformed into Methane (GHwhich is a strong greenhouse gas (Nyberg, 2008).

Regarding the emissions, researchers are sur¢ghthadepend as well on other effects that

are not influenced by the burner (Bhatty et al, /00mportant things are secondary air
temperature, sintering zone temperature or burnbalaf kiln feed. The benefit of a lower
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NOx from the burner is negligible when things are seethis visual angle. Other measures
are used to reduce N@missions like the SNCR method. SNCR is the ptesethod used
at Cementa Slite where ammoniac is dosage int@rthleeater tower. This has a reduction
efficiency of 10 — 85% depending on surrounding ditons (Alsop, 2007). In Slite the
efficiency is quite high and there is extra capatit handle higher NQIif necessary. The
emissions have to be kept at a low level and diffeburn abilities of kiln feed make the
equation hard to solve. The future direction isdao¥s more heterogeneous fuels with varying
burn abilities. At the same time the recycling camies work hard to offer alternative fuels
that are well prepared and of a quite homogenoahtgu

To supply the plant with the right amount of myye and at the same time be
environmentally friendly is important. The last §®ars development within the fuel market
has lead to more and more of the existing kiln btsmeaching their capacities because of the
changing fuel market. The new types of alternativels are of a heterogeneous type with
varying particle size and moisture content. This ibig challenge for burner designers all
over the world and encourages development of th@ebsi on the market. Keeping the
burning zone in the right temperature range andtipngs crucial and requires a high burner
momentum, adapted to the conditions in the kilresys
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Figure 3.2.4-1 Schematic picture of the flame envelope

Regarding higher flame momentum several advantagesar:

» The kiln operation becomes more stable and fuaieficy is improved

* Improved clinker reactivity and shorter burning eoifihis gives more reactive cement
which is useful and positive.

» Consistent clinker granulometry leads to more effitcooler operation

* The volatility and recirculation of Sulphur is lowee which leads to improved
partitioning of sulphur into the clinker. Less Sulp is then volatilized and there is an
overall improvement of the condition of the kiln.

* The tendency to form build-ups and rings is de@éas

* The run factor is increased.

* Increased kiln capacity, i.e. more cement is preduc
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3.2.5 How to practically increase the burner performance

Most important is to raise the momentum by insieg the velocity and/or volume of the
primary air. For a good combustion to take plagaidture between the primary air and the
hot secondary air is necessary. The difficult taslo increase the momentum but at the same
time maintaining the secondary air/primary airaas high as possible. To give an idea of
how important it is to keep the primary air levelwh the following illustrates this in an
obvious way:

Density_of _air =1,292927315p/01013)

Where;
p = pressure in MPa
T = temperature in K

This gives the weight of one normal cubic meteaaertain temperature. Normal cubic
meters is the properties of air at the temperadfit@C and a pressure of 0,01325Mpa. The
weight is from the formula = 1,29kg/NmThis value is used further on to calculate the
energy consumption. The specific heat capacitafiors 1.01*168J kg'’K™. To heat 1Nm of
air one degree requires:
1,29kg/Nni * 1.01*10°3 kg'K™* = 1.30*10% (Nm*) 1K™

Properties Primary air Secondary air
Temperature before heatup  10°C 900°C
Temperature after heat up 1400°C 1400°C
Energy consumption /Nfn 1,81 MJ 0,65 MJ

Table 3.2.2-1 Comparative energy consumption

This gives an idea of how important it is to kéle@ primary air consumption down. For each
Nm?® extra of primary air put in the process an endagg of 1,16 MJ occurs. This amount

energy must be compensated for by extra fuel firldgally no primary air at all should be

put into the process at all to maximize the enerjjzation. Combustion consumes oxygen
and the primary air acts as an oxygen source atlterefore extremely important in more

than one way. Besides a good mixture between thleafud the hot secondary combustion air
IS not possible without use of primary air. The agrio minimize the primary air usage and
achieve an effective mixture between the two geesasts.
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3.2.6 Material load

When placing a high momentum burner with jet boaa in the kiln it is of highest
importance to protect the refractory. This is dbesetting the burner up at centre height in
the kiln and aligned to the kiln axis. At the pldater equipment is used to achieve the right
position of the burner. Seen from the sinteringezdime kiln is rotating clockwise with a
rotational speed of 1,7 rpm during full productidiime material bed in the kiln is therefore a
bit dislocated and is to be seen at “7 o’clocBecause of that some engineers think the
location of the burner should not be as descrilie@ It should be in centre height but not
exactly aligned to the kiln axis. The correct diree is a little bit towards the clinker bed but
of course the adjustment is very small to avoidatbry damage. A couple of degrees away
from kiln axis alignment is an appropriate direntio
In this study the burner is located aligned to kikas.

Figure 3.2.2-1 Kiln burning zone showing flame and material load#&o’clock”
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3.3 Present situation Kiln 7

3.3.1Burner kiln 7

The present burner is of an old type and thecatdins of poor burner performance are
many. Although there is a high rate of oxygen pmegethe preheater system the CO-level is
above what is considered okay. This means thatah#ustion which is not efficient enough.
As mentioned earlier poor mixing of the differemingoounds in the burning process is the
main problem to solve. Instead of burning in th@amtrated burning zone the fuel burns
“higher up” in the preheater system. The combusBararried out in a fluctuating way which
leads to a local lack of oxygen. A lack of oxygenthe local area leads to incomplete
combustion and CO is created. This results in helgergy losses and a lot of chemistry
related problems.

The energy consumption is also high becauseuitle fire not burnt in the most appropriate
way. The whole preheater system is designed irpigdlyway and the energy uptake should
take place in a special pattern to reach maximudet&feness. A concentrated energy uptake
in the burning zone is preferable but with the preequipment the flame is too long and soft.
A long and soft flame is a flame that has not geli wefined outer boundary. Sometimes this
is wished for when considering the refractory Iha €nergy exchange is poor.

e
il

Figure 3.3.1-1 Present
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In a system like kiln 7 the heat exchange betwherburner and the material in the burning
zone takes place by three principle mechanismdjatian, conduction and convection. The
objective is to maximize the transfer of heat gatest by the flame to the incoming material
in the burning zone. The most important mechanismadiation and in the burning zone
about 95 % of the heat transfer is through radmati®adiation between two materials takes
place when the materials are not in contact witthesher. The flame, refractory and coating
radiate heat to the feed in the kiln. The formwanmally used when considering radiation is:

Q= J‘96\(-|-|:4 _TP4)

Where,

Q = rate of heat transfer in J/s

o = Stefan Bolzmann constant in J/%(ns * °K)
€ = emissivity (0.0 — 1.0)

A = area available for heat transfer iA m

Te= surface temperature of the flame in °K
Tp= surface temperature of the product in °K

Convection occurs through fluid motion. For exderthe hot kiln gases transfers heat to the
incoming feed in a preheater tower. The convedoomula is as follows:

Q=h*A(T1-T2)

Where,

Q = rate of heat transfer in J/s

h = coefficient of heat transfer in J/{irs * °K)
A = area available for heat transfer iA m

T1 — T2 = temperature difference in °K

Conduction requires a direct contact between rivaterials or heat transfer within a given
material. The heat is transferred by transfer bfating energy from one molecule to another.
For example heat is transferred from the hot kibatmg to the cooler kiln- feed by
conduction.

Q=k* A(dt/dx)

Where,

Q = rate of heat transfer in J/s

k = thermal conductivity in J/ (frf s * °K)
A = area available for heat transfer iA m
dt/dx = temperature gradient in °K /m

Focus will be placed on the radiation phenomesabse of its importance. As an operator
proper combustion is one of the most importantassif the combustion is controlled in an
adequate way this will result in a more efficientaigher production. Also the possibility of
burning alternative fuels shows up and the produdetker has got a higher quality. In a
rotary cement kiln the primary target is to prodgtiaker as efficient as possible. With fuel
prices going up and with hard competition from otpnts development are necessary to
keep or improve current position on the marketddaiseful work with the heat generated by
the flame is essential. The heat is transferreah filoe flame to the bed of material mainly by
radiation. Heat transfer in the burning zone i®g/\quick process because the gas velocity is
high. In the formula for radiation the heat tramsd#d is proportional to the fourth power of the
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temperature of the flame. Therefore the flame teatpee has got a very strong influence on
the heat transferred.

An example:
A heat increase by 10 % gives a radiation increfgg.1) = 46 %

This gives a clear idea of the strong temperateled influence.

Too high flame temperatures can lead to damageiseocoating and refractory. Other things
like the temperature of the material in the kilhe trelative geometry of the flame and its
surroundings and the flame emissivity also afféet tate of heat transfer. The emissivity is
different for different fuels. In fact the clearebtference between gas, oil and coal flames is
the emissivity or brightness:

* Coal flame emissivity ~0.85
* Oil flame emissivity ~0.5
* Gas flame emissivity ~0.3

When talking about emissivity it is roughly debed as the ability to transfer heat from the
flame through radiation to the cooler surroundinggs.the real world nothing has the
emissivity = 1 and the emitted radiation “factos’ a fraction of what the ideal emission
would be. The emissivity of the flame specifies howll the flame radiates energy compared
to a black body at the same temperature (Nordlir@sgerman, 2004).

M =oT*

Where,

M= is the power radiated per blackbody surface &ném?)
o = Stefan Bolzmanns constant; 5.6705¥AmK *

T = Temperature in Kelvin (K)

The flame temperature is influenced by sevesghmeters. The fuel/air mixing process is of
highest importance. With a faster air and fuel om&tthe combustion becomes faster and
quicker heat liberation takes place.

The temperature of the combustion air has a gtmoftuence on the flame temperature. To
keep the secondary air temperature in the cores@e is important. Ideally for combustion
purposes it is appropriate to have the temperatsii@igh as possible. In this type of process
compromises are always necessary and the tempermdeds to be below a maximum with
respect to the cooler and its conditions. Whensgi@ams are controlled properly with a well
known temperature distribution, it is possible tm the plant on smaller margins. Of course
this fact makes the operator’'s work more challepgiespite all technical aids available
today.
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3.4 Chemistry

3.4.1 Introduction

The burner is crucial when it comes to the chamissues of a cement plant. The length of
the burning zone and CO levels are two of sevarghMariables connected to the burner.
With a low momentum burner like the one presenkiin 7 problems with blockages and
build-ups are very likely to appear. During spri2@08 big problems regarding build-ups in
the lowest stage of cyclone tower 7 have startedpfgear frequently. The kiln inlet is also
partly blocked from time to time. This has alsoateel an incentive for the burner rebuilding
because the planned burner change strongly infegetiis type of blockages.

Besides production increase and burning of atéra fuels improvement of the chemistry
in the preheater tower is one of the cornerstonethis project. An important part of the
cement chemistry is the “circulation phenomenatefers to circulation of Sulphur and other
volatiles. These substances come from both thematerials and the fuels in the cement
making process. These elements volatilize at aaicetemperature. The higher the vapor
pressures of a liquid at a given temperature, itjeen the volatility and the lower the normal
boiling point of the liquid. A higher temperaturvgs a higher vapor pressure and the normal
boiling point is located where the vapor pressueeomes higher than the surrounding
atmospheric pressure (Greco, 1997).

The substances come into the system with thedi@lthe raw materials. When volatilized
the substances follow the gases in the preheastermytowards the material. When the
temperature is decreasing the substances will otmgh viscosity liquid phase. This phase
will agglomerate and can be solidified if it entarsold surface (i.e. preheater external shell).
It leads to build-ups of different types that blottle preheater system. Properties of the
volatiles and knowledge of the temperature distrdsuin the preheater tower are important
facts to map the circulation phenomena. Outtakeaaiples is another tool and through these
measures a quite high awareness of the phenomanbeceeached. The temperature where
the build-ups mainly take place in the preheateretokiln 7 is around 850°C which means
that the phase that sticks the build-ups must f@aweelting point around that temperature.
Analyses have shown that it's mainly the Calciumnglaeinite (Cak,SO, or 2CaSQ.K,SQy)
that leads to the build-ups. Analyses show highceatration in the build ups (25%) and this
is essentially due to circulation phenomena regardulphur (CaSg) and potassium.

The new burner installation will decrease theseutation phenomenons and this fact will
have several positive effects.

It has been observed that (Larsson, 2008):
» A bigger air flow decreases the frequency of thidewps
» A high CO concentration increases it
* A short and intense flame, synonym of a smallett 42ome” decreases it. After burner
modification the flame will strongly change in thigection.

The three points above can be interpreted assulpycles. Equilibrium between Sulphur

dioxide, Calcium oxide and Potassium oxide mainfiuences the course of events.
Sulphates (K and Ca) are formed at a low tempexgtt800°C):

24



SQ +1/20, +CaO - CaSQ

(SQ, +1/20, +CaCQ, » CaSQ)

SO, +1/20, +K,0 - K,SO,

K,SO, +2CaSqQ - 2CaSQ.K,SO,

Then CaS@is dissociated at high temperature (~1300°C):

CaSQ - SO, +1/20, +CaO

The decomposition rate is directly depending oftthee that the sulphate will stay in the hot
zone (above 1300°C). This time is shortened witl nlew burner which means a lower
decomposition rate. It will have an extremely pesiteffect with less build-ups and a higher
production.

The K;SQO, that has not reacted will melt and volatilise basi

K,SG* - K,sd".

Finally a part of the sulphates will leave the systwith the clinker (Bhatty et al, 2004).

Fundamental in the process at a cement plamt ietable to have the right gas flows. In
different stages of the process there are sevdifalahtial pressures that should be in the
correct range. When channels and cyclones areypaldtked the pressure drop over the
region is bigger. The fans must work harder to ma@mnthe right climate in the preheater
tower with increased power consumption and weare fhas flows strongly influences
temperature distribution in the system. To be mrilght interval regarding the gas flows it is
very important to keep the correct temperatureidigtion in the preheater. Another issue to
be addressed is to provide the burner with theecobrair mix. Every burner is unique and
designed for a certain kiln system climate. Thidudes secondary air temperature, gas flows,
CO levels, chemistry characteristics and prehagper to mention a few.

3.4.2 Theburnersinfluence

The new burner will decrease the circulation mimeena of Sulphur. As mentioned before
the decomposition rate @@aSQ - SQ +1/20, +CaOis directly depending on how long

the time in the hot zone of the kiln is (above 1800 With the modified burner the hot zone
in the kiln gets shorter because of the short atehsive flame.

As discussed earlier in this report the main pses of the burner change is an increase in
production and to enable burning of alternativddukt is the very intense flame of the burner
that is the basic condition which makes the combnstore rapid. At the same time the
intense flame enables burning of the heterogenedtesnative fuels. More detailed fluid
mechanics physics is discussed in section 3.2i®fdport.
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4 Method

4.1 Fundamental burner design

In order to minimize costs a redundant burn&enenta AB was chosen for the
experiment. With the necessary modifications cdraet this installation should function in a
satisfactory manner. Current burner and the frantspof it are shown in figure 4.1-1. The
burner had only two channels for air and fuel frin@ beginning. In the current configuration
the burner has got eight extra air jets to impritneeclimate of burning.

| R T

"-\.J _"
Vﬁ;ﬂﬂ Coal

Radial air [

Figure 4.1-1 Current burner installation.The inner tube is for the ignition of the kiln afte
long stops and through this an oil lance is pusimedeyond this single channel, the air-
bearing channel with radial air is located. The raldair is driven perpendicular to the
direction of the burner. Outside from this is thesdcoal conveying air and this air stream
carries the coal used for the combustion. Closiaéoburners outer boundary the jet air
nozzles are placed. This high speed air streansisia the axial direction.

Increasing the number and size of the jet aizleszis the main action taken in this project
to achieve the targets. To allow this, a seriestloér measures have to be carried out which
will be described further on.

Compared to the old burner the new burners jeast area is 6.5 times bigger and therefore

requires a lot more primary air. A blower from #reglier shut down kiln 6 is available which
can provide the burner with the right amount ofeand make this viable. Before this option is
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put into practise the critical burner dimensionsakulated using the actual blower
performance curve data to ensure that the deseddrmance will be attained.

Mould far casting fthe

(1.567m diameter with refractory
protaction

Figure 4.1-2 Overview burner modificatiorThe jet air channel pointing upwards in the
picture is installed to provide the modified burméth the large amounts of jet air. This
accumulates weight and the burner becomes unweglthpared to its original configuration.
This causes problems when changing the burnemtsaone which is done every 3 months.
Further on other important key dimensions are digsdt. For example the shape of the
casting is to be seen.
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4.2 Momentum before and after modification

Momentum for the present burner is calculated@edented in the table below. The
continuous thermal input is:

1273tons per day clinker output gives a clinkepatiof 14.7kg/s. One part raw meal in the
feeding gives 0.64 parts of clinker. This means #3a0kg/s of raw meal give 14.7kg/s
clinker output. The weight loss is mainly explaingdthe CQthat is emitted during the heat
up process.

Every kg of clinker produced requires 900kcal ofrgry; 900kcal = 3.77MJ. With a
production rate of 14.7kg/s the energy consumpghery second is 3.77*14.7kg/s =
55.4MJ/s. 1W = 1J/s, and that gives 55.4MJEAMW.

Measured and calculated values for the presenebon kiln 7 at an air temperature of
20°C and air density of 1.2047kginfBy convention momentum associated with coal
transport air is not included in the burner momentatal.):

Air Channel Flow rate| Primary air| Velocity | Momentum
(Nm*/h) (%) (m/s) (N/MW)

Radial/swirl air | 1860 3.5 59 0.7
Coal/axial air 2910 55 52 0.9
K8 transport air | 1800 3.4 52 0.6

Jet air 450 0.9 199 0.6

Total 7020 13.3 - 2.8
Burner momentum (coal transport air excluded) |1.3N/MW

Table 4.2-1 Burner momentum before modification of the burK& transport air distributes
coal from coal mill 8 to kiln 7. The momentum nunreached here should not be included in
the total burner momentum.

The Jet air flow of 450 Nith is here produced from the compressed air ni&egplant. The
compressed air system is pushed near its liminso@ease of jet air from here is impossible.
The use of a blower to supply the new installatigth jet air requires modification of the
burner and its surroundings. A new gas duct fofjehair was constructed at the plant and put
together in the zone behind the burner. The blaigelf was placed in a soundproof space
close to the burner and properly installed. Thevielois quite old but if the performance of
the blower is reasonably close to the original Bpation it should easily provide the burner
with the right amount of air. The target is to eai®th the velocity and volume of the primary
axial air with the proposed burner design usingirged jet air nozzles.
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Figure 4.2-2 High pressure/volume blower installetside a soundproof house. The blower
was found in- house and was checked according toe@a AB standards. Despite the fact
that the blower is old vibrations in bearings wevithin an acceptable range. Normally when
blowers are standing still for years in industrextvironments damage occurs to the bearings
(Larsson, 2008).

Several different scenarios have been modell&ul dviferent blower pressures at the burner
tip. In the following, the burner is operated usawgl mill 8 at the projected kiln output of
1500 tons per day. Current energy consumption@sk@@l/kg and the primary air
requirement is then around 61000 Nm The 8 jet air tubes from the old burner ardaepd
with 16*1.80 cm diameter nozzles. The coal transpod radial air volumes are adapted to
the new conditions.

As discussed earlier the aim is to optimize thaltptimary air usage and at the same time
increase the momentum. With the numbers abovedhtncious thermal input is:

1500 tons of clinker produced per day = 17.4kg/slioker output

Every kg of output requires 900kcal of energy; 90k 3.77MJ. With a production rate of
17.4kg/s the energy consumption every second i&8774 = 65,4MJ/s. 1W = 1J/s, and that
gives that 65.4MJ/s 65.4MW.
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Measured and calculated values for the modifiechdauon kiln 7 at an air temperature of
20°C and air density of 1.2047kgim

Air Channel Flow rate Primary air Velocity Momentum
(Nm*h) (%) (m/s) (N/MW)
Radial/swirl air 2000 3.3 63 0.6
Coal/axial air 1200 2.0 21 0.1
K8 transport air 1800 3.0 52 0.5
16 jet air nozzles @300mB3610 5.9 239 4.4
16 jet air nozzles @350mB3910 6.4 258 5.2
16 jet air nozzles @400mB4170 6.8 275 5.9
16 jet air nozzles @450mB4430 7.3 292 6.6

Table 4.2-3 Predicted burner momentum with modified burnerdifierent jet air pressures.

On the following figure, the new front of the barnis in place. The momentum numbers
shown earlier looks promising and with the new ‘®part” of the burner in place it looks like
this.

Hew Jet Air channels

Figure 4.2-4 Modified burner nose installation
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4.3 Thefluctuating temperature issue

When designing a burner, it is important to take account the different temperatures it
will face. A study of temperature distribution ovéere burner shows that the temperature
increases axially and is at the highest level atftbnt of it. Further temperature increases
radially from the inside out, which means that temperature is lower in the centre of the
burner and higher in the outer edges.

Figure 4.3-1 The temperature of the burner is increasing indhrection of the arrows.

In the reconstruction of the burner this was @itred issue and a lot of effort was put into it.
The steel used in the burner expands 1,17mm parraet 100°C warm-up (Larsson, 2008).
For this investigation the interesting part of ta@ce is 3.8 m long and the calculated
temperature difference between the inner and ther gart will be about 400°K. This gives
the following thermal expansion scope for the burne

Thermal expansion of iron: 11.7°K™
Length of burner section: 3.8m
Expected temperature variation: 400°K

Difference in axial expansion:

3.8%*400%11.7 10 mK™* = 17784 16 mK ! =0.0178 m

This means that a solution must be used wherdtineer’s various parts are moving in
relation to each other. There are examples on quevirials where these effects have been
completely overseen. Below is an example of howelerces have previously deformed a jet
air ring of the same type as the one used withermptioject:
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AT T
Figure 4.3-2 Ring shape indicative of deformation caused by &atpre fluctuations. The

outer parts of the burner have faced much higheweratures than the inner parts, Cementa
AB.

In cooperation with Thord Larsson, Mechanical iBegr, a decision on how to solve this
was taken. The solution involved a lot of extra kvbut the result of it was well proven in
other trials within the same area. A basic outtfiehe construction is presented below with
the vital parts clearly to be seen. The outer ijetiag is allowed to move 20 mm axially in
direction of the burner due to heat expansion witltamaging itself or its surroundings. The
fact is that the jet air leakages are minimizedrdufull operation of the burner relative the
situation when it is cold. Furthermore the gas flewdriven in the correct direction before
passing the jet air nozzle. This measure minimites energy losses that appear when
changing direction of the air stream sharply.
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Figure 4.3-3 Redesign of the burner nose for better durability shown above the expansion
of the burner can take place without damaging thpartant jet air ring. The suspension of
the ring with the welded nail gives freedom for thgy to move both axially and radially.
“Outside” the welded joint is an extremely heatistgnt material located that can resist
temperatures of 1400°C without problems.
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4.4 Refractory and weight

When changing the burner to a new one the lifaggipment is pushed to its absolute limit.
The new burner solution includes an extra pipetii@r jet air and the weight is increased
compared to the traditional burner. Weight of gresent burner will be 3250 kg and in
cooperation with Per-Lennart Bohman, Refractory eéBugor, the decision was made to
decrease the weight of it. On the burner the datgsr consists of refractory protection of 70
mm thickness. Sufficient protection should be reachvith a protection layer of 55mm
thickness. This measure will decrease the weightteburner with ~280 kg.

Figure4.4—1 Refractory modified burner kiln 7. The arrow inetfigure shows the outer
protection layer. It is a casting with a highlyesttive refractory mixture.

Below the calculations used to predict the resulhe measures taken:
n* r** h = volume of a cylinder of a certain diameter andjhei
Density refractory casting:

p = 2650 kg/m

Volume of the burner with the 70 mm casting:
n *3.8*0.3°= 1,0744m

Volume of the burner with the 55 mm casting:
 *3.8*0.285 = 0.9697

The difference in volume consists of refractoryticaps
p = 2650kg/m
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The lost weight is (1.0744 — 0.9697§ m2650 kg/nt = 277.6 kg
With modification, the new weight is 3250 — 277.8%72.4 kg

The lifting equipment is capable of lifting 3000 &g the modification will have the effect
wished for.
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4.5 Survelllance and processing aids

A good protection and surveillance of the burnarigial. The surveillance should include:
* Temperature
* Pressure in air channels, especially in jet ait.duc
* Ampere level on the blowers
» Air flows through the burner
» If the blower stops during production, a powerfiairen to the operator
* During warm-up of the system a box is marked amddbrrect jet air distribution
takes place.

As shown below the temperature sensor is pla68dim from the burner nose and located
at “7 pm” seen from behind the burner. As describadier the kilns rotational direction
gives a big material load in this position. Ther®iris the most exposed in this location due
to the radiation from the load. Outside of the pipsting of the refractory mass is performed
with the 55 mm thick layer.

The temperature element used is quite uniquehasdyot the shape of a wire. It is located
inside a highly temperature resistant tube thatreaist 1400°C and is thread inside the tube.
One of the advantages is the fact that the wirebeaexchanged without the burner taken out.
The element is called type “K” and will with presenstallation show temperatures up to
600°C with exactitude of 1°C (Erlandsson, 2008).

‘Sensor for temperature
measurement/surveillance

Figure 4.5-1 Temperature measurement/surveillance.
The pressure gauges are located at the ductedetthe blower and the burner. A sudden

change in pressure may indicate leakage or damtge o the ducting, blower or the burner.
The ampere levels on the blowers indicate theteesie level. It is partly pressure related but
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can also give a picture of an upcoming blower faildor example. Continuous measurement
of the airflows through the burner and alarms sety the programmers watching blower
rotational speed vs. production is other effectiveasures to guarantee a high safety level of
the system. Shown below is one of the operatoesvwiin the Sattline system where the new
installed aids related to this burner modificat@re visualised. Sattline is the operational
system used at the plant delivered from ABB. Abignamming related work was done by Bo
Pettersson, Programmer.

F1825 41.4% 2043 m3/h

\\

Figure 4.5-2 Burner overview. Current system used at CementsSHB is delivered from
ABB and is called Sattlinélhis picture was taken during production with theanburner
installed.

* The TF701 in the picture is the temperature measerg

* PF701 pressure in the jet air duct (see momentucukions)

* |F706 is the relative ampere level of the jet dovier

« 2043ni/h is the radial air flow

« 1188nt/h is the axial air flow.

* PF786 is the axial air pressure

* 41.4% is the position of the radial air damper

* 13.3% is the position of the axial air damper

With the help of these inputs, the operator can cont®lkiln and burner in a safe and
satisfactory manner. When introducing new unitshinitthe present kiln system it is
important to have a dialogue with all the operatorolved. In this case a message of the
changes was delivered orally and a written temgoogerating instruction was placed on the
lectern. The written instructions were updated friomme to time and every change made by
the operator during production should be reportetthé project manager (Appendix 1 and 9).
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4.6 Installation and initial operation

A big part of the installation work regarding thew burner with its surroundings can be
made in advance meanwhile the rest of the kilnesygs in full operation. The planning part
of this is essential where as much as possibléefaork should be done beforehand final
burner installation. During final burner instaltati the kiln should be stopped and predicted
time for this installation is approx. 6hours (Sdgten, 2008). Compared to an ordinary burner
change that takes 5hours the difference is quitelemade. As mentioned earlier the
explanation of this is all the planning and prepama work performed to minimize the
downtime of the system. Date of the change is lfllexand takes place when a natural stop on
the kiln occurs. Stoppage of the kiln system iside® as far as possible due to the large costs
arising from this. It is not just the downtime ifséut also the time-consuming re-
optimization that is extremely expensive. If a fiménute quick stop of the kiln takes place the
real loss in production can be several hours th&mksis optimisation process.

Figure 4.6-1 The finalized burner in overview

The burner change took place early in the mor@th@8.08 and went as planned. In advance
instructions were distributed to all the peoplealed both orally and written so a good
preparation level was achieved. The old burnerdismantled and
the finished burner were lifted into place andcahnections, both electrical and mechanical
were successfully installed. During warm-up of #il system with the new burner the
operators followed the guidelines given (Appendix 1

During the first time of operation the primarygeat was to reach a pressure in the jet air
channel of 270mbar. This process takes time angtéssure is to be regulated with care.
The run- in time of a new unit requires a lot ofraxwork from the operators and is an extra
burden for the mechanics (Appendix 1). During fir& days of operation several problems
arose with the kiln system not related to the burilgnge. Some of the problems that
occurred were blockages in the cyclone system amadkdown of the cooler. After every
stoppage a new optimisation phase has to take plagaentioned earlier. Within the first
couple of days a maximum stable pressure of 230nvharattained. Already at this pressure
level the climate in the burning zone should bermepd compared to the earlier situation. A
better mixture between air and fuel takes placguat moderate jet air pressures and leads to
a more defined burning zone. A first reaction frtime people working with kiln 7 was a
better climate in the preheater tower. The build-dpcreased after just a few days with the

39



new burner which most likely indicates a shortedt arore intensive burning zone. But overall
the kiln was quite unstable to run with CO levelsl aemperatures fluctuating up and down.
This suggests that conditions in the system areptinal and need adjustment. Crucial is to
change one parameter at the time so the effeatasfy&hange can easily be followed up.

From 25.08.08, running of the kiln started to &ebit more successful. In the initial
operational phase the kiln was stopped at least anday, but from 25.08.08 the kiln was
running for a week without any stops in the proc&ssspite this fact, it was not possible to
bring up the pressure of the jet air to the dediegdl. The effect of the blower was gradually
turned up step by step without the pressure respgnbh the graph below, a relation between
the pressure level and the ampere of the blowelbeaseen. The curves are matched so they
follow each other quite well which makes sense.hWitthe marked area it is clear that
something is happening to the system. The purpbsestalling the amps display on the
blowing machine is precisely because of early deteof variations like these. The ampere
value indicates the resistance to blowing machime ia case of a leak proves this clearly.
The early suspicions were regarding the nose obtineer and that a deformation had arisen
with a leakage following. Another possibility isaththere had been leakage between the
different channels of the burner, but other daticaited otherwise. Gas flow measurements
were during the period performed by Patrik Thullementa Research, and analysed. They
underlined the suspicions that already existed iandas verified that the situation had
changed dramatically in a very short time (Apperli»6). It is a big difference between the
values despite the fact that the blowing maching evé&ven in the same way at the time of the
measurements.
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Figure 4.6-2 Relation between the jet air pressure and the aenpéthe jet air blower. It is
clear that something has happened within the masgked of the graph.

In the soundproof shed where the blowing maclsnicated, it is incredibly noisy and
installation and connections were done in a serioasner. In the troubleshooting work the
possibility that something could have happened e partly overlooked. However, it was
precisely in this position that the error was dissmed several days later in connection with
further inspection. A gable on the blowing machivael failed and partly the air was leaking
out here instead of going the right way throughtibmer head.

Almost irrespective of how the blowing machineswhiven a low pressure in the jet air at
100mbar was present during the period. The leakatge also increased gradually until it
reached a steady state level which can also be isethie graphs. A dialogue took place
whether it would be possible or not to repair tladlg with blowing machine in operation.
The risk with the closing of jet air (blower) dugiroperation of the kiln is that the burner,
despite emergency cooling system, is overheatedisida was taken to repair the blower
machine provisionally and await a natural stop witthengable would be welded properly. The
gable was fixed with the help of two cargo strasngrovisionally and immediately there was
a sharp increase in pressure. The pressure imrabdigent from 100mbar up to 190mbar
which was a major step in the right direction.
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It continued in this way from 29.08.08 until 03.08.when the right opportunity with a
natural stop of the kiln occurred. A few hours fdiee gable was welded in an exemplary
manner and was completely tight.

Soundproof chamber :

Blower installation

Pressure gauge

Air leakage position

Figure 4.6-3 Blower overview. The blower and its” surroundinigsportant to notice is the
pressure gauge which is both linked to the conggdtem and has a display for immediate
readout on the spot. The soundproof chamber wehbtbwer installation is also viable and
the air leakage position is roughly marked.

Some other measures were to be taken on thesysirem so it took ten more hours before
the system was heated up again. On the next pagpicsure that shows in detail the welding
and how the leak was located. The unfortunate ilmcaif the leak made it difficult to detect
even though there were relatively large volumesiothat leaked.
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Figure 4.6-4 Close up view of air leakagdPreviously head bolts were used, but the
installation was changed with bolts dismantledta® way around. The bolts were replaced
by welding. The benefit of such intervention is@earsustainable solution but when in need
of maintenance it will be necessary to cut offghble.

The primary target was now to reach the lowekiutaied jet air pressure of 300mbar. A
momentum of ~ 5N/MW is reached with a jet air puessof 300mbar. If other related
adjustments are correct burning at this level sthbel significantly effective.
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4.7 Further operation

Step by step the optimization process could nawerforward. An invaluable tool in the
optimization work is Aspen Process Explorer, whalleimportant data is saved. In this
section of the report, it is a necessity with giaplustrations to clarify the reasoningifter
08.09.09 it may be noticed that process relatedesagio right down to zero. The reason for
this is an accident in the kiln system which wil thoroughly investigated later in the report.

Seen below is the jet air pressure that wagralg gradually and the desired value in the
long term was now at 320mbar. The graph below tifies pressure changes during the
period. The process in a cement kiln is extremglyathic, which is seen on the pressure that
moves up and down without the operator’s settirggsgochanged. During the latter part of
the optimization the pressure was periodically @&the desired setting. When the operators
control the pressure they just give a relative @etage signal to the blower. The actual
pressure obtained is partly dependant on otherosnding factors. This fact requires
operators who are active and take action with mimdjustments to maintain the desired
pressure. During the period the equipment readiethtended pressure.
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Figure4.7-1 Jet air pressure (bar)
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The specific energy consumption is a clear irtdicaf how the kiln system harmonizes.
Obviously, this consumption depends on factors rothan these of an incineration nature
such as the raw meal composition or the preheaterath condition. Clarity of the trend
outlined below, however, depends only on a morneiefft transfer of energy from the fuel to
the material in the kiln. The increased intensifytioe flame is obvious and the heat
transferred by radiation increases sharply. Thadear indication of a higher temperature in
the burning zone. The main trend is clear, but séme¢ consumption peaks can be seen
which are due to kiln stops. As discussed earher kiln must be over fuelled during the
restart periods because the energy must be higharusual to tighten up the process to full
level
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Figure 4.7-2 Specific fuel consumption kiln 7 Cementa Slite
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The sintering zone temperature is one of thegaameters for cement manufacturing. This
parameter, along with some others may be regardethea most important for a process
operator to master. Both short-term and long-terfarmation obtained this way is crucial to
avoid major disruptions and fluctuations in theqass. Here a trend of rising temperature
over time is seen which shows that the increasedebumomentum gives an intensified
combustion. Gradually when the temperature is dathés gives the opportunity to increase
the kiln feed if other key parameters in the systmwithin the correct range. The cement
chemical reactions taking place at these high teatpees are exothermic which means that
energy is released when they take place. This gives higher temperatures resulting in
continued reaction to emit even more energy, etés 1 a kind of positive feedback that is
important to have under control. If the temperatuses, it is important to compensate with
more feed on the kiln or reduce the fuel. Othervilse development is incredibly quick
against the high temperatures that are directlgnhdrto the refractory in the kiln.
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The kiln feeding seen below is a direct ruling @wimuch clinker that is produced. Around
64 % of the raw material weight put in comes ouhie shape of clinker.
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Quality control of the clinker on a modern cemplant is extensive. When the feeding is
increased the changes in clinker quality is folldwg. During the test period with the new
burner the feeding gradually increased with clinpeality kept in good condition. During the
last couple of days the feeding averaged around/®5which is very high. One of the
cornerstones of this project was to prove the pkeim a burner modification when it comes

to the kiln feeding and stability of the process.
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SG; contentin the cyclone meal and clinker is an importanicatbr of the condition in the
preheater system. The circulation phenomena destibthe chemistry section of this report
is important to control. Comparing the SBvels in the cyclone meal with the levels in the
clinker gives a lot of information. If the SQevels in the cyclone meal goes down and the
levels in the clinker goes up this means that agdumgion of the S@ leaves the system
through the clinker. This scenario is likely beaatise hot burning zone becomes shorter with
the new burner settings and the decomposition afiS@irectly dependant on the residential
time in the hot burning zone. Of course the dynanace really complex but roughly it
follows the pattern pictured above. A varying feedof the kiln also changes the conditions
which makes is hard to draw any conclusions fromdhaph below. The peak value of the
SG; in the clinker at 08.09.08 is because of the kilmppage and apart from that no clear
trend is to be seen.
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Figure 4.7-5 SG; content in clinker vs. cyclone meal (%)
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During the period the burner temperature roskigher burner momentum gives a more
intensive combustion and more heat through radiagach both the material in the kiln and
the burner itself. Concerning the material in thener it is recommended to keep the
temperature below 650 C°. During shorter periodgnoé the temperature can be above this
limit without damaging the burner but this scenatould be avoided (Larsson, 2008). The
jet air has got the strongest cooling effect whraans that a higher momentum also gives a
more efficient cooling of the burner. During thetl@eriod of time the measurement reached a
maximum level of 600 C° which was severe. It stoleér that the wrong interval of the
measurement had been chosen. Temperatures abisMere not expected although the
burner can resist them as mentioned earlier. Thstaken into consideration and a decision
was made to continue with full production. To chatize measurement interval the process
had to be stopped, which was not an option atstlaige. A switch to the same thermo element
is possible during running of the system but nathtange the measurement interval.
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The process of a cement plant is as mentiondigreeomplex and every measurement has to
be put into the correct context. The CO measurerbeltw is a typical example. The CO
values have to be seen together with the otherunements above, otherwise no conclusions
can be drawn. A higher kiln feeding and lower sfied¢uel consumption together with CO
levels kept in shape is something positive. Thig fa explained by the improved mixture
between the fuel and air. To have a good mixtutevéen the primary and secondary air is
also crucial and all this tends to be in order. @ansons between the different graphs tell the
story about the process development towards a reffeetive combustion. The complete
oxidation of carbon can take place thanks to tredguixture conditions. Important to realise
is that the total available amount of oxygen is Imgher. The local lack of oxygen that leads
to the incomplete oxidation of oxygen is avoidedha combustion region. This is thanks to
the good mixture between the different air layers fuels.
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4.8 Investigation of breakdown kiln7

At this state of the trial when feeding of the kdnd other process parameters were coming
close to full production a major failure took plaées often is the case the failure depended on
a couple of factors combined in a wrong way. Ttag pf the report will try to explain what
happened and give a clear picture of the chaircesife

4.8.1 Background

The night between 06.09.08 — 07.09.08 problentl Wiln 7 arose. At 4 am. 07.09.08 the
kiln was switched off after visual registrationtagh shell temperatures. Between approx.5 —
9m from the outlet the shell was red all arounchi@mperatures of approx. 550 - 600°C. The
shell temperature is measured three times a dag per shift. In the night shift at 02.15am
the shell temperature was measured and nothing eskenmusual. The temperature
distribution of the kiln shell seemed quite normaéth a moderate maximum of 400°C. The
whole occurrence took place within a couple of sour

4.8.2 What happened?

Since a couple of weeks kiln 7 has got a modibadher with a more intense flame. The
purpose with the modified burner is to reach a éigburner momentum. The higher burner
momentum enables a higher production and furtheroombustion of alternative fuels.
Analysis of the kiln feeding during the period sisovery unstable lime saturation in the raw
meal (kiln feeding). The lime saturation factor wémm 100 up to 119 and down to 89
within five hours. A check of the historical data Aspen Process explorer shows that this
variation is unique. A review of the LSF variationkrifies that such a variation hasn’t
occurred in at least the last ten years. It is daf@te to rise to a very high level and then go
straight down. The steering parameters of the &ighthen optimized for the extremely high
LSF and such a quick drop results in this scenario.

It is clarified that the temperature became exttgnmégh in the actual zone and that the
coating was gone.

4.8.3 Description of the scenario

After consideration and checks the following dosions were made:

Most likely the breakdown was caused by fluctuatiasf the LSF in the kiln feeding.
Although the operators acted in an appropriate swh fast changes of the LSF factor are
impossible to deal with when you are going in fatbduction mode.

The huge variation of the LSF factor is cause@yarlier change of the marl feeder and by
problems with the ball mills producing the sandsiu
The change of marlstone feeder leads to a finetifna of marlstone and that fraction causes
the LSF to go down. The system (POLAB) then rebgtadding more limestone.
During this period of adding more limestone we irgn problems with the sand slurry. When
the sand slurry disappears the LSF rises dramigtictis caused very high LSF in the raw
meal.
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This rise in LSF caused POLAB to decrease theuamof limestone and when the sand
slurry problem was solved and the flow came backdomal, the LSF dropped again to an
extremely low level.

Kiln 7 has got 3 raw meal silos. The normal pthee is to fill one silo while extracting
from all 3 silos. This is to prevent fluctuationigel this to the kilnfeed. In this case the
fluctuations in the raw meal had an extremely highact on the kiln feed LSF anyway. The
maximum LSF from the mill was >140 and resulted imaximum of 119 to the kilnfeed. The
minimum LSF from the mill was 84 and the minimumA.® the kilnfeed was 89.

The silo level was about 50 % in each silo whichbsut 15 meters of raw meal in each. This
will affect the mixing factor in the silo, but tHact that kiln feed was extracted from all 3
silos prevented the whole 140 and down to 84 L8mfthe mill to reach the kiln system.

The sand slurry problem depends on water su@lyré. The raw mill has been running
without sand slurry during several periods of timed this will cause LSF fluctuation
problems. On the next page is a graph where thielggrs can be seen. Especially between
10am to 12.15 am the problems were severe. Dun@game period the feeder was switched
but this is not logged in the Aspen Explorer systdime shift who was working during the
period made a notation in their report and spokbally to Per-Ake Sédergren, Supervisor
kiln 7. A comparison between these two happenimggittns that they appeared at the same
time.
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4.8.4 Kiln Refractory

In the cement making process the temperaturesxaremely high and a suitable protection
for the vital parts of the producing system haéoused. With a temperature of approx.
1450°C in the burning zone the kilns outer boundaayg to be protected. Bricks with high
temperature resistance are being used and comhiitledbther refractory components. The
whole kiln system with preheater tower is protedietin the hottest zone close to the burner
the conditions are extreme. The kiln tube itsel6@n long with a temperature distribution
going from 1450°C in the burning zone down to ab@B0°C in the kiln inlet.

Regarding the bricks in the kiln the condition tbe bricks were poor in five different
regions. Counting from the outlet the affected atisas follows: 0 —1m, 3.5-7m, 7 - 11 m,
19 — 22.5 m, 40 — 48 m (approx). This makes a tetajth of 20 m that has to be replaced.
After inspections and several discussions withrttaen responsible for the refractory in Slite
the following conclusions were drawn:

In the zone 0 — 1 m the bricks were replaced tduearlier damage and mechanical wear
from the damaged kiln shell. This kiln shell damégeld.
In the burning zone the coating was gone betweef? 8. Here the bricks were totally naked
and the surface had molten and was glass-like wprietaents it from forming the necessary
coating.

In the zone between 7 — 11 m coating formation rea#ly poor and after inspection it was
decided to replace the bricks in this area

Further up in the burning zone between 19 — 22 thencoating was there but the thickness
of the bricks was not enough for use until nextrgpr

In the section between 40 — 48m in the kiln thelsrhad fallen out. It is difficult to predict
exactly when this happened.
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4.8.5 Continuous investigation

An estimation of the downtime is 8 days. “The le@” is the time needed to put the new
bricks in place, in combination with welding of cka in the kiln shell.

Routines
Did the alarm routines work?
» Did the operator notice the changing conditionsBYE
« Alarm duty -> PAS -> Per-Lennart Bohman were cabetiand arrived.

Action
The following actions have been decided upon to prent a reoccurrence or that
situations of a similar nature ever happen again:

In the future when alternative fuels will be usedkdn 7 and even more on kiln 8, the burner
configuration with higher momentum will make thia lesystem more vulnerable for changes
in the LSF.

* An alarm system will be implemented that lookshet thange in LSF and gives this
alarm to the operator and if needed even to threddbpervisor. This is to ensure that
the appropriate measures are taken. This reinfoatgrdh system makes the operator
aware of the upcoming serious situation if somethlike this happens again.
Especially when the LSF leaves the normal levdlrgd go up and after that straight
down - the situation is severe. The opposite leads kiln impossible to run but will
not cause any damage to the kiln refractory.

* Further analysis will be done later on. Sampled & prepared and sent to Olaf
Kuehne, Team Leader Refractories, for investigation

* We will not operate in automatic mode with our Petystem when going into new
piles for the future.

* Operators have reached a higher level of awareoesserning the LSF and its
fluctuations. It's not possible to burn their waydugh disruption of the sort that
occurred at kiln 7.

Does the surveillance work?Yes, the shell temperature was measured and |lcggeatding

to the schedule. Copies of the actual values ofmibasurements are being made. The shift
employees measured the temperature at eight spotiseokiln 3times every 24 hours. The
zone of the kiln nearest the outlet is the mostregting regarding the temperatures. It's in
this area the burning zone is located and the wathe bricks is extensive. The
measurements come every third meter from the owled, 9, 12, 15, 18, 21, 24 (m). The
measurement at Om is not necessary because ther igiut into the kiln a bit and this zone
acts as a cooling area more or less. The picturdh®mext page shows the expected flame
envelope and it is clearly to be seen that thedrusput in around 2 m from the kiln outlet.
This fact provides a temperature distribution inchihthe area closest to the outlet is slightly
colder. Explained by this, the first part of thénkis not necessary to monitor.
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Figure 4.8.5-1 Principle sketch showing the flame propagation iotary kiln
(Bhatty et al, Innovations in Portland Cement Miaaturing, PCA 2004)

The picture shows roughly how the flame expamda rotating sintering kiln. The zone in
the picture is measured with a manually held theneter and at every point the measurement
takes about 35seconds. In this way the whole cifetance is covered. The rotational speed
of the kiln is related to the kiln feeding and puotdon. When the production is lower with a
lower rotational speed the time of the measuremsntdapted. The zone where the
temperature rose the most was in the really inteose of the flame. As mentioned before
the whole occurrence was rapid and the valuesarpttture below were taken just 2 hours
before the breakdown of the kiln. There were nasigf something strange going on and the
employee just took the measurements and continitbdother tasks.
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Figure 4.8.5-2Copy of the temp measurements at 02.15 am.

It was the column 2 and 3 in the diagram wheeetémperature rose to approx. 600°C. The
kiln shell was then red all around and the protessto immediately be stopped. The burner
was shut off and extra cooling air was put in toldahe kiln shell down to an appropriate
temperature.

HTC (Heidelberg Technology Centre) has taken pmaterest in the events that occurred.
A report was written and sent down to the heacceffSeveral experts within the area read the
report about the breakdown and came back with iaddit input. To be aware of the
risks/consequences this type of activity can caisessential. In this case the regulation
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system showed some clear problems dealing with type of fluctuation. The action
proposed for in this report has to be implementéithinv the nearest future. This will be
carried out by me in cooperation with the programaa the plant.

The whole production system was thoroughly inges¢éd and gone through and every
thinkable type of unexpected happening was plarfoedluring this project. A fluctuation
which takes place maybe one time in ten years g kard to predict and be prepared for.
Most important is to learn for the future and te tisis awareness to prevent things like this to
happen again. High momentum burners will be preserdgvery plant all over the world
within Heidelberg Cement Group in the near future.
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5 Final discussion and result

Optimization of a burner in a modern cement kilra quite complex and demanding task.
Crucial is to have an overview and to evaluate epessible factor within the process which
might affect the trial. In this project the resutere from the beginning really promising
although some minor disturbances occurred alongalie of optimization. At the state of the
trial when feeding of the kiln and other processapweters were coming close to full
production a major failure took place. As ofterthie case the failure depended on a couple of
factors combined in the wrong way. This breakdows heen run through earlier so it will
not be repeated here but it's important to drawrititfe@ conclusion due to what has happened.
Although thinking that every possible happeningimyrthe trial was thoroughly gone
through, the big fluctuation in the LSF was a sisgarSomething like this fluctuation has not
been seen at least within the last ten years. \Wapened was a major tragedy both for the
trial and for the company itself with high costsumnred as a product of the failure. If the plant
had been running in the “traditional way” withotietburner optimization the effect of the
LSF fluctuation would probably have been smaller $till severe. An optimization of this
type always means smaller margins and it puts biggmands on the surrounding regulating
systems and equipment. One thing considered wasgubastion regarding a scanner to the
kiln. A scanner gives continuously a good pictufeh@ temperature distribution at the kiln
shell. When things are moving in the wrong diratttbe operator can take measures early
with the help of the scanner. Continuous informatiegarding the shell temperature should
in this case have led to an earlier shutdown okilmeand thereby cause only minor damages
to the kiln. The temperature measurements takerajaeuple of hours before the breakdown
are a proof of this quick and dangerous temperadieselopment. A serious attempt was
made to motivate the senior management about ttessity of such an investment but they
refused to install it on the “small” kiln 7. This highly understandable because the money to
spend is limited and many other process relategstmrents are given a higher priority.

Further on the study shows the potential in ogiimy an old burner. Within the refractory
industry really big steps forward have been takea flast ten years which gives new
opportunities. To run with higher flame temperasusnd higher turbulence is nowadays
normally not a problem. The bricks can in a muctidoevay resist the excessive wear this
type of flame from time to time gives. The develgmnhwithin the fuel market sets new
standards for the bricks and this gives the inguatnew degree of freedom. Without this
development, an optimization of this type shoulgehbeen quite difficult. More focus on a
higher output is important on a strong market whearery ton of cement is being easily sold.
But most important of all is the possibility to bualternative bio fuels with the help of this
modification. Fossil fuels are fast moving out loé tmarket in more than one way. At first the
natural resources are limited and will in the niegmre come to an end. Point number two is
the gradually higher taxes put on the fossil fuelissions which make it impossible to
continue running like this in the future. The taxa#l take almost the whole profit from the
cement sold and this is therefore not an option.

The result of this study will be useful for fuethdevelopment of the burner equipment used
within Cementa AB and Heidelberg Cement. Even thosglutions often are bought from
specialized companies the in—house knowledge isemey valuable. After gaining
experience during this Final Thesis, the author @diately got the responsibility of writing a
RFQ (Request for quotation) for a burner purchaggpéndix 7)]. The purchase was of a new
professionally made burner for the kiln 7 and thsufts proven within this study were one of
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the cornerstones that made it possible to get theemfor the investment. The payback time
is roughly around a year for such an investmenedémg on current market conditions.

The gained experience in this Final Thesis is hdlyemuch more valuable than the cost of
replacing the bricks after the breakdown.
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7. Appendix

Appendix 1

Operating Capture of modified burner kiln 7

A second attempt is to be made with the upgradedeoun kiln 7. The goal is to increase
production and obtain a more stable operation. fbweer will also certainly be better. A
series of adjustments have been made with the tigtat will function well. As soon as a
"natural” stop of the kiln occurs the burner wdl mounted.

Settings of airflows

Warm up the cold kiln
Made as usual.

Warm up the hot kiln:
The usual approach and select start jet-air bloah@ck the heating (see picture).

Operation:

Radial air: 2000 rif h

Axial air (coal transport): 1200 m3 / h (1800 tarewfrom Pfister feeder).

"Jet Air" (New blower): 270 mbar (check out the tregin Block 2, see picture). This
pressure is equivalent to a force usage of aro0fl gf the maximum but will be adjusted
when the stable operation achieved.

Reliability / management

Here the operator access to a new process imdgeorrthis picture:

* Amps on the blower jet air

» The pressure in jet air channel

» Temperature at the burner outer bounding

When blower stop occurs during the operation, therator receives an alarm. If blowing
machine is standing still when the system is Hois very important that the cooling air is
turned on!

Close the valve (between the blower and burned,apen the pressurised air valve. Set 0.1
bar, it is for cooling purposes only.

* Kiln shell temperature is measured during thetstp period of the burner 2 times/shift.
Await new directives from us before the measurements.

Regards

Fred and Per-Ake
15.08.08
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Appendix 2

Hello Fred,

Please take some brick samples from the affectads&ction.

You should take bricks with better residual thickmeThe small spits do not give much
insight

Please cut the samples into half as shown in sketobafter and take some close shots from
the cut cross section.

Wet cutting will be no problem for the sample.

Any suspicious idea so far what could have wornbttieks?

It looks very much like molten bricks which mighd baused by extreme high temperature
along with liquid phase reaction from clinker.

It's probably kind of eutectic reaction which nodigahows up only in sections with bauxite
bricks.

Best regards

Olaf
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Appendix 3

| have talked to Per-Lennart Bohman about takingboick samples. He told me it could be

done next week and that the prepared samples ab&feshould be sent to you. Is that ok? Or
are you in a hurry?

Regarding the worn bricks it was caused by a unmpralition of the kiln system. The LSF
went from the normal value of 100 up to 119 ancdhttiewn to 88 within less than five hours.
Such a big and quick change of the LSF in kiln flegdhasn’t occurred in several years.

This scenario in combination with the modifiedihmomentum burner which is currently in
use most likely caused the breakdown. This ledxtoemely high temperature along with
liquid phase reaction from clinker. | have writtarshort preliminary report of the scenario
and the report is attached to this letter.

Regards

Fred G
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Appendix 4
Hey Fred

| do not manage to reach you on the phone, sadiid the results here by mail instead.
The file of 29.08.08 is the current measuremeriholught it looked like it was the same
measuring point Patrick measured on Monday, sont 8e test report also (25.08.08). A
major difference between the two measurements hwaddmperature of the gas flow; he
measured more than 60 degrees when | got just ulileFhe pressure was about the same,
but it was a clear difference in the flow and ctelrapeed.

Hope this helps you.

Regards

/ Roger
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Appendix 5

CEMENTA sig 1 ()
DELRESULTAT PR, prowr: 143054
Cementa Research AB
CEMENTA RESEARCH AB
Cirkulation
624 22 SLITE
2008-08-29
Provnr 148054
Markning Luft brinnarlans U7
Uppdrag / grupp Processmatningar fér Slitefabriken 2007-2008, U7 Ansvarsomrade 200340901
Variant Flédesmatning Ankomstdatum 2008-08-29
Handlaggare Roger Lehrberg Klardatum
Provtagningsdatum 2008-08-25
Provtagning Insént av kund
Provtagare
Namn (Roger Lehrberg)
* ackrediterad analys
Analys Metod Resultat Métoséak. (%=rel, K=2) Kommentar
Flodesmétning
Cc02 SS 02 84 25 0,03%
N2 78,14 %
02 $5028425 20,90 %
Kanaldiameter §8-180O 10780 0,30m
Kanaltemperatur S5-1SO 10780 62,2°C
Kanalhastighet §8-180O 10780 12,9m/s
Gasfléde 1 §S-1S0O 10780 2797 m3 ntg/h
Gasflode 2 SS-1SO 10780 2842m3 nvg/h 10 %
Gasflode 3 $S-1SO 10780 3281m3dr/h 10%

Cementa Research AB

Skeppargatan 1
P.O Box 104
SE-624 22 Slite
Sweden
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Fax +46 (0)498-28 13 91
www.cementaresearch.se
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Postgiro 640 04 66-6

VAT no. SE556102778901
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Appendix 6

CEMENTA s 1 ()
DELRESULTAT e

Cementa Research AB

CEMENTA RESEARCH AB
Cirkulation

624 22 SLITE
2008-08-29
Provnr 148054
Mérkning Luft brdnnarlans U7
Uppdrag / grupp Processmitningar for Slitefabriken 2007-2008, U7 Ansvarsomrade 200340901
Variant Flodesmatning Ankomstdatum 2008-08-29
Handlaggare Roger Lehrberg Klardatum
Provtagningsdatum 2008-08-29
Provtagning Insént av kund
Provtagare
Namn (Roger Lehrberg)

* ackrediterad analys

Analys Metod Resultat Matosak. (%=rel, K=2) Kommentar
Flodesmitning

Cco2 S$S 028425 0,03% antagen

N2 78,14% antagen

02 SS 0284 25 20,90 % antagen

Kanaldiameter SS-1SO 10780 0,30m

Kanaltemperatur SS-1SO 10780 39,2°C

Kanalhastighet S$S-1SO 10780 7,4m/s

Gasflode 1 SS-1SO 10780 1747 m3 ntg/h

Gasflode 2 $8-1SO 10780 1747m3 nvg/h 10 %

Gasflode 3 SS-1SO 10780 1874 m3 dr./h 10 %
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Appendix 7
New burner kiln #7

Underlag:

Uppgift:

Finns pa G:\Projekt\Pagaende\Brannare Ugn 7
Dér placeras all relevant wiolentation efterhand.

Inképsunderlag

Att ta fram inkOpsunderlag till en ny brannarlailsugn 7, anpassad for den
branslemix vi planerar att anvanda framover. | uladet skall inga all
nddvandig teknisk information om  processen, ugnetbrénslet,
bréansletransporter, bransledosering och tillgangkds, samt "Battery limits”.

| underlaget skall ocksd tas med kringutrustningh sman vill skall inga i
offerten, eller pa en separat forfragan, ex. bl&kina motor mm. Ingar gor
ocksd sammanstallning av relevanta ritningar.

Materialet sammanfattas i en offertforfragan (RFQ).
Tid
RFQ skall vara Kklar att skickas ivag till 081031

Projektbudget
Uppdatera projektbudgeten som finns pabdrjad igktajappen.

Projektgrupp:

Matilda
(Projektledare)

Fred

(projektsamordnare) Johan B (process),
Ronny E (konstruktion),
Ronny L (sdkerhet)

Thord L

(Mek, bransle) (El/automation) (eldfast) (inkép)

John E Pelle B Gunnar A

/Matilda2008-09-30
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Appendix 8

Ugn 7 infor helgen 2008-09-05 => 2008-09-08

En "ny version” av den modifierade bréannarlansenrhanterats som alla vet och diverse test
och utvardering av denna pagar. Fred styr dettajgraland, sa om ni kanner er frestade att
testa att skruva lite pa luftmangderna pa egen Banét helst bli det, om nu inte saker och
ting ar pa vag att ga helt galet. Vi behover nggnagoder med olika definierade installningar
for att kunna fa grunddata for en optimering ockérdering av brannaren. Ha tadlamod alltsa.
Driftsvarden pa lansen (uppdaterad 080905):

Radial luft: 2000 ni/h
Axial luft (kol transport):1200 m/h (1800 tillkommer ifran pfister mataren).

"Jet luft” (Ny blasmaskin)0,32 bar. Detta tryck motsvarar en utstyrning pa ca 87 % men
skall justeras in nar stabil drift uppnatts.

En skrotmagnet har monterats fore rdkvarn 7, sa k@rna den minst en gang per skift i alla
fall s& inget markligt har fastnat pa den. Dematélld pa en (vad vi tror) lamplig hojd 6ver
bandet, men dar pagar test. Det har redan fagmanhaprylar pa den, sa den fungerar i alla
fall, s& mycket vet vi.

NOx-mataren (den provisoriska) har reparerats aogédrar nu igen. Den ordinarie mataren
ar annu borta pa service i tyskland.

Vi hade idag (fredag) ett litet problem néar rakwarrstoppades. Nar kyltornet 6kade
vattenmangderna sa hann inte vattenpumpen undgilsaitos med. Detta resulterade i min-
larm i behallaren till kyltornet. Systemet verkauekapacitet for cirka 19 m3/h, sen orkade
det inte langre.

Om detta hander igen sa 6ka borvardet pa temperaétdter kyltornet sa att
vatteninsprutningen styr ner nagot och styr sedmperaturen in i filtret med friskluftspjallet.
Det ar lite extra "passning”, men tills vi har Igsbblemet med pumpen i mjolsilos sa ar det
ett satt att klara livhanken.

Fredagens varden blev ungefar sa har. 230 grader soborvarde efter kyltornet och

60% Oppet pa friskluftspjallet gav 140 grader in ifiltret.

Ugnsmatning i helgen:
Forsok peta pa ett par extra ton pa ugnen undgeheSikta pa att na 95 t/h och om mojligt
kanske nagot ton till.
Rakvarnen ger vi lite lagre prio under helgen, mgadlet ska racka till i alla fall.
Vi ska forsoka fa igang mjoloverforingen fran RKV Basta vecka. Jag kommer att dnska
mig nagon frivillig som kommer ut och hjalper fitled detta. Garna nagon av dom som varit
med om detta tidigare.
Trevlig helg.
20080905 /Per-Ake o Fred
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Appendix 9

Project information

Project name:

Burner modification U7

Project number

SAP
account

Proposed by
Fred Gronwall,

Project background

Modification of the burner U7 to increase the caiyaaf the kiln and to be able to burn alternativels

Project group objectives

1. Build a new Jet air channel

2. Install a redundant blower to provide air.

3. Have a solution to allow both axial and radial
expansion of the burner head due to temperature

differences.

4. Evaluation of the effect of the adjustments

made.

5. Provide the operators with enough information
for them to run the new burner safely

6. If time make a clear picture of the possibilities
to burn alternative fuels; plastic pellets

Proposed action

1. Installing a Jet air nozzle ring in a way so it canve both axially and radially due

temperature changes.

2. Remove the present refractory from the burner amroa new form to decrease
weight of the burner
Place a K6 blower in operating the axial channel.

Project overall objectives

3.
4. Install equipment for measurements (Temp, pressumegere blower etc)
5. Carefully watch process values during the modibadhers run in time.

Project organisation

Project manager
Fred Gronwall

Project group

Steering group

Johan Larsson
Thord Larsson

Per-Ake Sodergren

Roland Bengtssorlectrical technician

Bo Perssomechanic
Joel Ganderborglectrician
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Assumptions Battery limits of project and scope
Other actions in the kiln/preheater must
coordinate with the actions on the burner

Not within scope

Make a clear picture of the possibilities to
burn alternative fuels; plastic pellets

Resource
Neil Taylor, Intec Time
Services Costs

??

Time schedule
20080630 - 20081030

People to be informed

Risks

Documentation

Appendices

This is Heidelberg Cements project plan which vgagls used when implementing details of a
new project.
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