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ABSTRACT

In terms of absolute consumption, the cement industry occupies a front position in the ranks of energy consumed
industries. The total energy costs (thermal and electrical) make up about 30 to 40 percent of the total production
costs of cement. Thisiswhy efficient energy utilization has always been a matter of priority in the cement industry.
Cement manufactures requires very high temperatures to initiate the reaction and phase changes necessary to form
the complex mineral compounds that give cement its unique properties. Pyro-processing in large rotary kiln is the
operational step that provides the energy and environmental conditions necessary for the reaction and phase
change. This operation dominates the energy consumption and environmental impacts associated with the
manufacture of the cement. Improvement of energy efficiency reduces the emission of carbon dioxide from fuel and
electricity use and may also reduce the costs of producing the cement. Process improvement may be attained by
energy management, applying more energy efficient process equipment and by replacing old installations by new
ones or shifting to complete new types of cement production processes, cement kiln optimization process, performing
the research and development necessary to prepare and burning the alternative fuels in cement kiln and to develop
new cement manufactures.

INTRODUCTION

Cement clinker is manufactured primarily from linmee, clay, sand and iron oxide-bearing as raw madge These
materials are blended and finely comminuted to ftiienraw meal. The process of manufacture of cemmmsists
essentially of crushing and grinding of the rawenals, mixing them intimately at certain proponsoand burning
them, usually in a rotary kiln at a temperatur@pproximately 1450 °C. The material sinters andigdhr fuses to
promote the formation of the clinker phases. Thegpal phases in the cement clinker are tri-calcsilicate, di-
calcium silicate, tri-caclium aluminate and calciabminoferrite. The clinker is then cooled andu@ to fine
powder with the addition of a few percent of gypsiihe resulting product is so called commerciatiBnd cement

(11,

During the heating up and burning process, decoitiposeactions, phases transformations and folomatif new
phases occur. These phenomena influence each &bgarding, the energy consumption in the kiln plamne

important aspects are the enthalpies of the reagtishich may be endothermic or exotherfdit

Table (1) gives an overview of the important thdrmeactions occurring during cement manufacturegss. There
are various processes for cement clinker manufaeig. wet, semi-wet, semi dry and dry process.dagorocess
is divided into three main types, namely, long grgcess, dry process with cyclone preheatre witipocécliner,
dry process with cyclone preheater with or withtartiary air duct. Such process differ mainly ir thtate of the
feed to the rotary kiln which ranges from slurryttwapproximately 35% water content in the wet pssc® a raw
meal that is a calcined to a great extent in tlyepdocess with pre-calciner. The dry process withtgalciner is the
most process for the clinker manufactures duestsdteral advantages (3-5).
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The basic principle in the kiln plant with pre-daler, is that substantial fuel energy is introdudet the feed
materials outside the rotary kiln, so that calcicembonate in the materials is already de-carbortatedgreat extent
before entry into the rotary kiln. This pre-caldioa step is achieved in the so called secondaimgfisystem
(calciner) as distinct from the main or the priméiring system in the kiln. This calciner is operatbetween the
rotary kiln and the pre-heater.

Figure (1) shows a diagram of cement kiln planthwitecalciner having a tertiary air duct. As shdinom the

diagram, the kiln plant consists of a multistagelaye pre-heater and heated by the gases of thbustion arising
from primary and secondary firing systems (rotaiftp, kcalciner). The preheated feed material entleescalciner
where it is wholly or partially calcined. The reacis in the calciner is supplied by the kiln exitsgand by the fuel
fired in the cacliner. The solid material (hot-meahd the gas leaving the calciner are separated éach other in
the bottom cyclone. The solid materials is fedhe totary kiln and the gases passes to the upage sff the pre-
heater. In the rotary kiln, solid materials is adthoompletely calcined in counter current flow withmbustion of
the gases from the primary firing burner ( rotaip)kand is heated to the clinkering temperaturesaay partial

fusion which promotes the formation of the cIink)@tase§4].

Cooling of the clinker is achieved through two sasive stages. First, the clinker is cooled inrthary kiln from
its clinkering temperature in counter current flevith the secondary air flow before dropping inte tbooler.
Second, the clinker is cooled in the cooler tdfiital exit temperature by induced cooling air thgbuhe cooler,
which is wholly or partially, according to the typé the cooler, is used as pre-heated combustiotoahe rotary

kiln and calciner[®].

The advantages of the dry process with pre-caladaerbe summarized as follows:

« It is possible to operate the calciner with lowdgduel or waste derived relatively low calorifialue which can
not be used in the rotary kiln. This is due to thiatively low temperature of calcium carbonatesd@ation in the
calciner around 820 °C.

* The dimension of the kiln can be reduced for thmes@roductivity or the productivity can be increhser the

same dimension of the kiln, which means high prédites of the process. This is due to the facittthe
calcinations of the feed materials in the calcipemceed more rapidly and with smaller temperatufierénce

between gas and solid than in the rotary kiln. Tikiglso because, from the thermodynamics pointie#, fuel

energy is supplied to the calciner at that poinerehit is needed for the endothermic reaction &figa carbonate
decomposition. The thermal loads in the rotary kihke greatly reduced and consequently the quamntitiethe
required refractory are reduced.

» Accordingly, the advantages of the pre-calcininghod result in low capital expenditure and low Gielg cost
of the kiln plant with high attained productivities

On the other hand, the operation of secondarygfisiypstem, however, affects the operational behawbthe kiln

plant. This is due to that raw materials and fgsl fo the cement burning process contains variousuats of

secondary constituents such as chlorides, alkatissalphates . They are partially vaporized intigh temperature
zone and condensed again in the colder temperadme within the burning system. They therefore leafbrm re-

circulating cycle which can be disturb the kiln oggeon by the formation of coating or can have aigental effect
on the clinker quality. From these points of viétis necessary to use a method to keep the celating systems
within tolerable limits. This requires by pass &g which can be designed in various different ways

In addition, the operation of secondary firing systis affected by the proportion of secondary fnghe claciner.
If too high proportion of fuel in the secondanyirfiy system claimer, coating formation in the pdrthe preheater-
calciner and at the kiln inlet and consequentlyosesty up setting kiln operation may occur.

In fact, cement clinker burning is high complex g@ss because the various sub-processes such @&sgheat
calcining, clinkering and cooling which do not tgi@ce consecutively but to some extent proceedl&meously
and influence each other.

2. REVIEW FOR ENERGY SAVING IN CEMENT KILN

2.1 Modeling Balance of Cement Kiln

The share of energy consumed in a cement clinkerpkant attains 70-78% of the overall energy comsd in the
process of cement production as a whole. The rak{@2-30%) is the share of electrical energy. Bndther hand,
for the burning of the clinker kiln plant, therngtergy represents 92-96% of the required energytreneélectrical
energy accounts for only 4-8%. Therefore, potesmtiar reducing specific heat consumption in then kilant

deserve priority(G'lo). Accordingly, the considerations presented in #riscle review are related to the specific
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fuel energy consumption in cement kiln plants. €ffect of the different factors on the fuel eneogysumption in
cement kiln plants is widely discussed with the @idnathematical models in the literature.

A mathematical model of cement kiln plant withouégcalciner has been established by Elkléﬂel. The effect of
different parameters on the specific heat conswunptind preheater exit gas temperature are investigay the
author with the aid of that model. The investigapedameters were the amount of the excess airapyiair, false
air at the cement kiln, false air in the pre-heateall heat losses and kiln gas bypass ratio. Sopgration
conditions of the process have been kept at aigerédues such as the degree of calcinationserbtittom stage
cyclone pre-heater, hot meal temperature at the iklet, kiln gas temperature, dust load in thim laxit gas.
Results of the calculation showed that the spedifigd energy consumption increases with the in@gad excess
air, primary air, and false air at the kiln inlegoler energy loss, false air in the pre-heatertaadiln gas by pass
ratio. On the other hand, the pre-heater exit gagpérature increases with the increase of the sxaigsfalse air at
the kiln inlet. It decreases with the increaseheffalse air in the pre-heater and with the kila Igg pass ratio.

A balance model of cement kiln plant with pre-cadgi with tertiary air has been established by Gl The
effect of various factors such as secondary fuetg@nproportion, number of stages of cyclone pratdwe kiln gas
by pass ratio and the type of the fuel used orettexgy consumption and the pre-heater exit gasamnpe were
investigated. Some operation conditions of the @sedave been specified at certain values, suttteaombustion
excess air factors, clinkering temperature, wadlthess and cooler efficiency. By applying the noole different
kiln plants in Egypt and other kiln plants in Gengpathe result of calculations showed that theedifice between
theoretical calculated and measured values ofdnetgy consumption are in the range of 0.10 t&&.8he change
in the energy losses from the individual sectiohthe system affects on the fuel consumption bied#t degrees.

A balance model of cement kiln plant with pre-cadei with tertiary air has been established by Ghedel (13].
The effect of various factors such as secondaryemergy proportion, number of stages of cyclorepeater, kiln
gas by pass ratio and the type of the fuel usetherenergy consumption and the pre-heater exiteyaperature
were investigated. Some operation conditions of ghecess have been specified at certain value$y ascthe
combustion excess air factors, clinkering tempeeatwall heat loss and cooler efficiency. The maoda$ based on
various assumptions namely, the de-carbonationvi@haf the feed material in the calciner and theperature
difference between the materials and the exit gathe kiln inlet. The results indicated that theelfienergy
consumption and the pre-heater exit gas temperatareases with the increase of the fuel energpgnt@mn. This
is in fact due to the increase of the hot meal &natjpire in the bottom stage cyclone pre-heater.

Thermal analysis of cyclone pre-heater system baseal model has been established by PenélﬁéiThe model
was used to study the effect of dust loads at ikilet, precipitation efficiency of the cyclones andmber of the
stages of cyclone pre-heater on the fuel consump&®mme operation conditions of the process haen lept
constant at certain values, such as kiln exit gagerature, heat of reaction, wall heat losseskatitemperature at
the kiln outlet, and efficiency of the cooler. Tiesults showed that with the increase of dust faddin exit gas by
0.1 kg dust/kg clinker, the specific energy constiomp increases by about 13-17 KJ/kg clinker. Theults
indicated that the effect of precipitation efficdgrof the lower cyclones on the fuel consumptiostisnger than of
the higher located cyclones.

From industrial trial in cement kiln plants withepcalciner equipped with tertiary air duct (prodvity ranging
from 1041 to 3427 ton of clinker/day). They fouhatthe energy loss from the pre-heater is abds-0.25 MJ/kg
clinker, the loss through the walls of the rotailpkis about 0.2-0.55 MJ/kg of clinker, loss freéine cooler is about
0.4-0.65 MJ/kg clinker. The change in the energsdés from the individual sections of the systeracasf on the
fuel consumption by different degrees. Furthermore,applying the mathematical models, the effectifferent
factors on the apparent degree of calcinations sewbndary fuel energy proportion in the calcinevehheen
estimated. Such factors were enthalpy of the kiiih g@as, potassium chloride cycle between kiln #mel cacliner
and the enthalpy of the tertiary air. The resulitevged that the secondary fuel energy proportiorpkeng to the
cacliner decreases with the increase of the kilhgas temperature and with the temperature otdh@ry air. On
the other hand, the degree of calcinations in #ieireer increases with the increase of the kil gas temperature

and with KCI concentration in the hot méal.

2.2 Circulating Element in Cement Kiln

The raw materials and the fuels fed to the cemertibg process contain various amounts of seconctamgtituents

presents usually impurities such as chlorine, &lkahd sulphates, which may form more or less iletat
compounds. In a cement dry process with pre-calcime exposure to a continuously increasing tempegathose

compounds evaporate or dissociate to differentnéxtaccording to their nature. The resulting vagesiand gases
products flow to the pre-heater pre-calciner whbk kiln gas, where, they condense on or react sutpended
particles of the meal. Successive evaporation amdlensation of secondary constituents betweenitheakd the
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pre-heater pre-calciner form what is known as theutating phenomena. In fact, there are two cyolesurring in a
clinker burning system, namely, internal cycle axternal cycle. The internal cycle is formed by adgation of
the secondary constituents in the rotary kiln drel dondensation in the colder zones of the progsshe other
hand, the external cycle is caused through therreatfi the dust transferred with pre-heater exit ttashe raw
mixture via the raw mill, the cooling of tower, tfitker. The behavior of circulating elements degeion its degree
of volatilization, its extent of adsorption by thet meal and the condensation in the pre-heatdirand filter and

also by the degree of combination in the clinké.

Intensive internal cycles of the secondary corestitss may cause serious operational problems duspating
formation, clinker quality deterioration in additito the emission problems. The intensity of theley depends on
the following factors:

The intake of alkalis, sulphur and chorine in tla@vrmaterials and fuel, the burning temperature, kilre gas
temperature, the throughput of materials, the gat®fials temperature gradients, and the speciffas® of the kiln
feed.

Table (1) Reactions of Raw Materials and Reactions Enthalpiesin Cement Clinker

Reaction | Equation of reaction | kJ/kg clinker
Formation of oxides and decomposition reactions

Volatilization of H,0 HO lig: —» B0 vap 4
Kaolinite decomposition A05.2S8i03.2H, 0  —» 78
Mg COg dissociation Mg CQ—» MgO +CQ 22
CaCQ;y dissociation CaCQ —p CaO+CQ 2111
Formation of intermediate products

Formation of CA CaO+AJO3 —p CA -8
Formation of GF 2Ca0+Fg03 —p.GF -6
Formation of GS 2Ca0+ SiQ —» R GS -493
Clinkering reactions

Formation of GAF CA+CyF+ CaO—» GAF

Formation of GA CA+Ca0—» GA 1
Formation of GS R GS +Ca0 —» £ 35
Overall reactions Kiln_meat—» clinker 1747

Table (2) Average and Best Practice Energy Consumption Valuesfor Cement Plant by Process

Process Uit India World
Average Best Practice

Raw Materials Preparation

Coal mull kWh't clinker 8 24

Crushing EWh't clinker 2 1.0

Raw mull kW't clinker 28 27

Clinker Production

Kiln & cooler Kcal'ke of clinker 770 680

Kiln & cooler EWh't clinker 28 2

Fimish Grinding

Cement null | KWh't cement | 30 | 25

Miscellaneous

Utilities: muning & KWh't clinker 1.6 15

transportation

Utilities: packing house kKWh't cement 1.9 1.5

Utilities: mmsc. kKWh't cement 2.0 15

Total Electric EWh't cement 95 77
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Table3: Fuel Energy Consumption in Different Cement Kiln Plants

Heat energy, KJ/kg of clinkef  With grate cooler  K\ibtary cooler
Rotary kiln 400 315
Cooler 500 500
Preheater 875 855

Heat of reaction 1700 1760
Bypass system 250-350 250-350

Table4: Fuel Energy Consumption of Rotary Kiln Plant with Cyclone Pre heater

Energy loss , kJ/kg By Gardiek By Ghazi
Exhaust preheater energy loss 0.87 0.74
Wall heat loss of the first stage 0.22 0.20
Wall heat loss of the second stage 0.44 0.4p
Wall heat loss of the third stage 0.76 0.63
Wall heat loss of the forth stage 1.18 0.96
Rotary kiln wall heat loss 1.18 0.96
Cooler energy loss 1.46 1.47
Bypass energyloss | - 0.46

Haw meal

10 raw mill end

Cyclone glectrosiatic precipilator
preheater 300-350°C
Calciner
Exhaust air from
clinker cooler 360°C
5 Fuel
/0% Tertiary air duct T

TO0-1000°C

Rotary kiln

Adnirloe 10 Coo ler Clinker

Clinker cooler

Figurel. Flow Diagram of Cement Kiln Plant with Cyclone Pre-heater, Calciner and Tertiary Air Duct
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Figure2. Flow Diagram for the Kiln Cement System

The following substances are to be regarded assimatide when present in quantities of the ordemafinitude
indicated that: alkalies (O, NaO) with total input 1-20 g/kg clinker, sulphateO with total inputs of 10-30

g//kg clinker, chlorine with total input of 0.4-8kg clinker[2.4].

2.3 Clinker Cooling

Clinker cooling in the cement industry has thedaihg tasks to perform; cooling the clinker proddide the kiln to
the lowest possible temperature, pre-heating tbenskary and tertiary air required for the combuspioocess to the
highest possible temperature, cooling the clinkesugh a rate, which are suitable to give the meguproperties of
the clinker.

Hansen[16] stated the requirements of clinker cooler to colimker down to a suitable temperature. Such
requirements are: Cooler operation must not affieetkiln operation; Cooler must be easy to opeaaig easily
incorporated in automatic control., Cooler mustdbedy in design, reliable in operation, easy andnemic in
maintenance, compact, easy to clean, dust freéomnkdvel of noise.

2.4 Process Control
The main controlled variables of a cement kiln #re burning temperature and the exit gas temperaitine
manipulated variables are the fuel rate and the fided rate. The oxygen content in these gaseksasusually

controlled using the exhaust fan speeds but thgrebloop already existing in the indusW].

The cement properties like hydraulic, highly dependthe clinker quality which is directly relateal the burning
temperature profile. Therefore, this temperaturdiler has to be carefully controlled to producethgality clinker
and to reduce the disturbance effects such astiarian the raw materials composition and in thenbastible

propertieilS].

In the literature, few dynamic model of the cemiaht are proposed. The simulation of the behaviothe cement
kiln is performed using a dynamic model. This mogdebased on Spang approach but modifications baen
introduced to make the model more realistic andemegpropriate to design a control structure. Thisleh of
cement kiln consists in a set of partial differeh#quations describing the heat and mass transéergring in the

kiln [18],
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Witsel et al have made contribution to the control of a rozgyent kiln, a simulation study of a multi-loop trah
scheme, designed using a frequency appr[)'l&‘?:]h

Recent studies on the modeling of cement manufagtureported in the literature are mostly based on
computational fluid dynamics and they mainly stadyodynamic behavior of a particles in the prehgagiystem,
the shape and the temperature of the flame in timbastion zone, coal combustion itself as well aggen
enrichment in the burning zone and not so muchhtbiemodynamics and clinker chemistry taking plac¢hie kiln

system20].

Kaanteeet al [21] have studied the modeling of a cement manufagupiocess to study possible impacts of
alternative fuels. The clinker burning process @lwsuited for the use of various alternative fueéxause of the
long residence times in both rotary kiln and gaanctels. The model was used to optimize processat@nd the
use of alternative fuels while maintaining clinfgpduct quality. It was also to predict the possithanges in the
combustion, pre-calcining and clinker formationgess.

Radwanet al [22], have been studied the modeling, simulation amdrabof the cement kiln systems. A transient
model is derived for cement kiln systems. In thi@k, two control loops was studied the temperanfréhe pre-
heater calciner loop and the sintering zone tentpeyaoutlet of rotary kiln loop. The flow rate die fuel is
manipulated variable for the previous two contomgs, but the disturbance variables are combuspitaperties of
the fuel and the reaction energy due to the chéimgeomposition of the raw materials. The contgdtasm using
PID controllers, which is robust with good perfommua in either set point tracking or disturbancecgpn cases.

3.MASSAND HEAT BALANCE OF CEMENT KILN

In a typical dry process kiln systems, the feedemals are preheated by the hot gases from rotharyA secondary
burner in the pr-calciner is included to improvesgyy efficiency. The mixture of the preheated ane-galcined
materials enters the rotary kiln, which is a coufiitew reactor. Fuels together with air enter frtime opposite end.
The solid feed is heated to an extremely high teatpee in the burning zone such that raw materedst and form
nodular clinker. Clinker exits the kiln at about5D3°C and is cooled down to less than 120 °C bgscflowing air.
Part of the heated air from the cooler enters timg &nother portion flows to the pre-calciner; tiest is released as

exhaust aif23-24)
The rotary kiln system considered for the energlitaa schematically shown in Figure.2.

3.1 Mass Balance of Cement Kiln
The mass balance for both preheater, rotary kithcaoler is shown as the following:

3.1.1 Mass Balance of Preheater Calciner
Inlet mass =outlet mass

Inlet mass= m-Myz+M g+ M gt Meairt Mpair
Outlet mass=y gasest Mh ct Myg

3. 1.2 Mass Balance of Rotary Kiln
Inlet mass= Mt M pair +Mgee air + M
Outlet massan g+ m g+ My

3.1.3 Mass Balance of Cooler
Inlet mass= M g + Mpk
Outlet Mass= Ngujr +Mair + My airt Mg

3.2 Heat Balance of Cement Kiln
The energy balance for both preheater, rotaryaild cooler is shown as the following:

3.2.1 Preheater Calciner
Accumulation rate = heat input —heat out put

Heat input = Q+Q2+ Qat Q4+ QKgas"' Quust + Q rair +Q pair
Heat outputQ_+Q+Q, +Q.+QnctQ
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3.2.2 Rotary Kiln

Accumulation rate = heat input —heat out put
Heatinput= Q+ Q, + QpairtQ sair + Qhc
Heat output Qg+ Qugas™ Quaustt Qi+ Q

3.2.2 Cooler
Accumulation rate = heat input —heat out put
Heat input= Q. + Q5

Heat out put = Qair+Qtair+Q9+Q11+QI

The effect of different parameters on the fuel gparonsumption in cement kiln plant can be deteealiby using
the above modeling.

4. ENERGY CONSUMPTION IN CEMENT KILN PLANT
Table (2) provides the average energy consumptadumeg by processes for cement kiln plant. In almasts, the
average energy consumption values is significahifher than the best practice value, indicating tnatrong

potential for energy efficiency improvements in maement kiln pIant£26].

5.POTENTIAL FOR ENERGY SAVING THROUGTH PROCESS OPTIMIZATION

Thermal energy costs in the cement industry reptedein a considerable proportion of the total piaitbn cost
(approximately 30% of the total production cost, §ceat efforts have been made in the past to ldhemal
energy consumption when producing cement. By bmittlern rotary kiln and shutting down old kilns, rthel
energy consumption dropped from 4.5 GJ/t in 1968.60GJ/t. The potential for energy saving in cenk@n plant:

» Improved on preheating in the clinker cooler.

» By improved burning technology and efficient usewsfste heat of pre-heater exit gas and of the loeses
through the shell of the rotary kiln and of wasteler leaving the great cooler.

» For the same fuel consumption, the specific fuargy costs have been reduced still further by usingap
secondary fuels. Nowadays, about 20-50% of thé fisthenergy required is covered by secondary. fuel

A typical the fuel energy requirement for efficiggoduction may approach 3000 KJ/kg, of which 26Q0kg is
used in drying of the feed and for carrying out ¢hemical reactions while 1000 KJ/kg is consumegtrgy losses
for the kiln system.

The energy losses from the kiln system has texpended on wall heat losses from the rotary kild pre-heater
system, sensible heat in the pre-heater exhaussgasible heat in the waste exhaust from the c@wid sensible
heat in the by pass gases if found.

So, measures for further saving of the fuel enargyconcentrated on operational optimization oheating system
for the air ('in clinker cooler) and kiln feed (ime-heater system), and reducing the wall heaesossrotary kiln,

pre-heater and cooler and reducing the heat ldksmsgh by pass systeﬁ%7]-

5.1 Saving Fuel Energy Consumption by Kiln Optimization

Most of the cement clinker plant is two types of thant:

* Rotary kiln with cyclone preheater, tertiary aictequipped with grate cooler.

« Rotary kiln with cyclone preheater, tertiary airctiequipped with rotary cooler.

The average clinker outputs from the above typdb@kiln line between 1000 and 6000 ton/day. TWerage value
of energy consumption for different kiln plant tsosvn as follows:

It is noted that the range of bypass energy loss&able 3 depends on the percentage of bypassatasn the kiln
system.

Table 4. shows the factors affecting on the &redrgy consumption of rotary kiln plant with cyeéopreheater. It
is shown that an increased of the exhaust gas ehesges from pre-heater should dxguals approximately 0.7 to
0.9 of the fuel energy consumption. Wall heat lessethe pre-heater do not have such a severet gifethe fuel
energy consumption and only required 0.2 to 0.Bheffuel energy. On the other hand, a factor obat .2 of the
fuel energy has to be applied for wall heat lossdke rotary kiln and in the lowest stage of tigelane pre-heater.
For the bypass heat losses from bypass systemdsh@ulequals approximately with 0.46 of the fuelrgpe
consumption.
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However, for kiln plant with normal desigtata, the greatest influence on the fuel energgwmption is exerted by
the cooler. An increase in cooler energy losseslymes a relative increase of 1.5 times the amauithe fuel
energy consumption in the kiln plant.

5.1.1 Clinker Cooler

Measures for improving the energy recovery one dilme reducing the primary air into the rotary kidarner as
much as possible and increasing the quantity diested in the cooler as secondary and tertiaryragddition to
this, the installation of modern kiln inlet sealsnimizing the induced false in which adversely effen the
performance of the kiln and on the energy recofteny the clinker cooler.

Heat transfer in the grate cooler can be improwathér by increasing the bed thickness on the goétthe
recuperation. This can be achieved by reducingpleed of the grate (stack/min).

The heat transfer can also be improved by the gnate with horizontal air outlets and increaseéspure drop in
the grate plates.

The heat recovery in the grate cooler can be iseckdy utilization of the heat of the waste airtHis case, it can
be appropriate to separate the recuperation zotfeafooler structurally from the cooling zone apdimizing each
of them independently. The general aim is to aahiaw efficiency of the cooler approximately morarnttv0.0%
(27),

5.1.2 Rotary Kiln

The shell heat loses from the rotary kiln can repné a considerable proportion of the total enéogy, specially in
kiln plants with small throughout the heat lossotigh the shell of rotating the kiln lies in the ganof 200-600
KJ/kg of clinker depending on the productivity dktkiln and if the kiln system have with or withdattiary air

duct. Normally, the heat loss decreases with theearse of the productivity e.g. the heat loss tijinotine shell of
rotary kiln for plant .having high productivity iswer than that having low productivity. Also, theat loss through

the shell of rotary kiln plant with tertiary air cuis lower than that without tertiary air duérl.

The heat loss through the shell of the rotary &dn be reduced and consequently reduce the fusdyeeaving by
shutting down small kiln with lower productivity dror building of modern pre-calciner kilns.

The heat loss through the shell of the rotary kilthe modern cement kiln with pre-calciner canrbéuced by
decrease the fuel in the main burner as much ashpesnd increasing the fuel in the pre-calcingt to be reduce
the thermal load on the rotary kiln. Furthermohe, heat loss through the shell of the kiln candukice by selecting
the type of refractory which having lower thermahductivity (high insulation brick). It also can blecrease by
achieve a uniformity and stable coating insidertitary kiln. This can be achieved by adjustingtaf flame shape
inside the kiln and by selecting a raw materialsctvhhaving stable coating tendency by selectingr@mate
module like LSF, SM and AM of raw materials.

Reducing clinkering times and temperatures, thialdvindirectly help to reduce kiln shell losses ab®00 °C, but
in practice, the energy savings will be only a d$nfigction of the maximum possible savings estidater

eliminating completely those kiln shell losses. §hihey are likely to be insignifica[ﬁS].

5.1.3 Cyclone Preheater

The type and operation of the pre-heater may aftsargortant influence on the fuel energy consumptid a
cement kiln plant with cyclone pre-heater. The itiedr efficiency of the pre-heater depends on the bmimof the
stages in the pre-heater and the capacity of twe fatio of the gas and the kiln feed of materi#tiss reduced by
reducing the internal circulating dust in the pester system. The mass flow of the materials imptieeheater was
larger than the mass flow of the feed materials assult of incomplete separation in the cyclofid® separation
efficiency of the different stages lies in the rangf 50 to 95%. In addition to this, the materiaias not fully
transferred from cyclone 3 to cyclone 4 through lgasing the rotary kiln and some of it fall dirlgctrom cyclone
3 into the rotary kiln inlet without passing to tyee 4. This caused the gas temperature in cyclotteraise the
unacceptably high level of 980 °C. By making thardes to the dip tubes and installing distributimxes or by
changing the angle of entry of the meal chutes jitoissibleto reducecirculating dust systems and meal by pass and
therefore to improve the heat recovery in the pratér. This also reduces the tendency to form mgatiue to

overheating of the meal chute of cycldﬁ@].
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Reducing the volume of exhaust gases, typically kim exhaust gases are well over 60 % nitrogehthis carries
a lot of heat away with it into the atmosphere eesglly because it is not industrially practicalcimol these gases to
below about 120 °C to avoid condensation of liquater in the gas ducts or on the raw feed. If thel €ould be
burned in pure oxygen, a much higher percentages dfeat would be available over the bottleneckperature of
900 °C and much lower volume of exhaust gasesdivbelcreated. Thus, the overall thermal efficiecayld, in

theory be improve&28].

5.1.4 Rotary Kiln Firing Systems

The minimizing excess air in rotary kiln withoutyaformed of CO leads to improvement in the perfanoeaof the
kiln and consequently leads to reduce the fuelgneonsumption shorten and intensity the flame deadreduce
the fuel energy consumption. Furthermore, optinkire burner primary air is to consider as potential decreasing
of fuel energy consumption.

5.1.5 Lime Saturation Factor, Silica Moduli and Alumina M oduli of Kiln Feed
The specific fuel energy consumption can be deargdsy reducing lime saturation factor, LSF, silitaduli SM
and alumina moduli, AM of kiln feed. In this sitign it is noteworthy to mention that, these modudin be

adapting in cement kiln plant according to the gyaequired of produced cemel?Bl.

5.1.6 Installing Modern Cement Kiln Plant

Another approach to improve energy efficiency ishift to another cement production technologygémeral, it
can be said that the dry process is much more gradfigient than the wet process and the semi-wetes what
more energy efficient than the semi-dry processe Phocesses are exchangeable to a large extentthéut
applicability also depends on the raw material latde.

5.1.7 Fuel Quality and Fuel Combustion Efficiency

By far the largest proportion of energy consumedement manufacture consists of fuel that is usdteat the kiln.
Therefore, the greatest gain in reducing energutimpay come from improved fuel efficiency. The figlergy
consumption can be decreasing by selecting the tfpkiel which having higher calorific value andsgato
combustion. In addition to that, by adjusting tlerfe shape, the fuel energy consumption in ceménplant will

be improved.

5.1.8 Process Control

To use energy saving control schemes it is necggsahave reliable measured values available fer riost

important influencing variables and controlled aaies. The external variables include the commmstand mass
flows of the input materials and the exhaust gassiflaw after the pre-heater. Internal influencuagiables are the
mass and energy flows in the kiln system which eifethe external influencing variables are consteah be

subjected to significant fluctuations as a resftilthe linked heat and mass transfer. The energysflof the rotary
kiln inlet gas and of the hot clinker are particllamportant in this context. Investigations hasteown that the
energy flow of the rotary kiln inlet gas can be jegbed to considerable fluctuation due, in paricuto changing
circulating processes between the rotary kiln amdtimer. For constant external influencing variablne

fluctuations act directly and exclusively on thegge of calcinations with which the kiln feed matkfrom the

calciner enter the kiln. In practice, if the ext@rmfluencing variables are constant, the hotkelimenergy flow only
affects the secondary air energy flow. It is defaed by the hot clinker mass flow and its tempematu

Any changes which occur to the influencing variabddould be indicated at an early stage by infakmatignals
and offset by appropriate control interventionstisat process is able to run smoothly and save gnehg this

situation use is made of so called virtual signmetiich are calculated from several measured vasalilgamples of
this, the fuel energy flow, the calcium carbonatesmflow, the level of pre-calcination of the kfed material
after leaving the calciner and the secondary agrgn flow. This requires simple and operationalgfiable

measuring equipment and powerful digital data pssice) systems for central evaluation and storagbeoignals
[6, 27]

5.2 Energy Saving by Utilization Waste Heat

In general 54% of the fuel energy consumption cuied for the chemical reaction of the kiln feedproduce
clinker. About 16% of the fuel energy consumptisrtonsumed for drying of the raw materials in @ mill. The
total of this energy percent gas about 70% cormedeo to the useful energy. The remaining of 30%hefenergy is
needed to cover energy losses, namely 9.6% forhvealt loss, 17.9% for the exhaust gas, 1.8% focdlek clinker
and 1.2% for other losses. The overall efficientyhe kiln system can be improved by recovering safthe heat
loss. The recovered heat energy can then be usedef@ral purposes such as for electricity germratind
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preparation of hot water. There are a few majot e sources that would be considered for heatviery. These
are heat losses by kiln exhaust gas, hot air frooter stack and radiation from the kiln surface.

The amount of the heat in the waste gases caniltzeditor energy recovery, depending on the flotespperature
of the waste gas and thermal capacity of the wgase In this section, it will be explain how can uigizing the
different waste heat in cement plant.

5.2.1 Bypass Gas from Kiln Inlet
In bypass system, a part of the kiln gas (dependim@h, SO3, NaO and KO) is extracted at the kiln inlet

temperature 1100-1250 °C, then cooled by quendhimip the suitable temperature 350-450 °C, and tw®led in

the water conditioning tower to 140-160 ° C andtledusting in electrostatic precipitators and titvenclean gas is
passing to the stack. In order to be utilizingto$ waste heat, the extracted hot gabatnlet kiln at 1100 to 1250 °
C can be cooled only to 350 ° C with air and therddsting in hot gas electrostatic precipitatiod #ren the clean
gas can be utilized in drying of raw materials,idgyof slag. The heat in the bypass gases carbalssed in waste

heat boiled29-30]

5.2.2 Exhaust Gas from Preheater

The pre-heater exhaust contains a certain amoumadf The gas has a temperature of 350 °C andtaalutent of
about 20-30 ton/h depending on separation effigieiacyclone pre-heater. If the raw materials maistcontent is
low, only using a part of this gas for drying. lhetcase of a waste heat boiler may be installedhwtiilizes the
upper temperature range of the exit gas from 3520 °C. A boiler in this case must be equippedh wifective
cleaning devices.

5.2.3 Utilized of Preheater Exit Gasfor Drying Raw Material

On of the most effective methods of recovering wdstat in cement plant would be to preheat the materials
before the clinkering process. Directing gas stieamp the raw materials just before the grinding generally
does this. This would lead to a more efficient diig of the raw materials in addition to increasitsgtemperature.
However, in most plants, the fresh raw materidtenafrom the mill is not directly sent to the kikmd therefore, the
temperature increase of the raw materials doegexrally make sense because it will be storedds for a while
before entering the clinkering process. On the rottends, some plants may have only kiln systentzerahan
grinding systems. In such cases, this may not Bsiple unless some additional modifications areamadhe plant
[30-31]

5.2.4 Exhaust Air from Cooler

With the grate cooler, a considerable amount ofetkigaust air is obtained as a waste air. The teatyrer of this
waste air lies in the range of 300 to 400 °C. pecsl utilization purposes, the exhaust air camtigacted from the
cooler at two different points. In this case, theste air can be divided into two zones inside thaear, colder and
hotter portions. The hottest portion can be usedéating of the thermal and or drying of slagcdh be also used
for steam. A colder portioaf air could be used for heating of water to pradateam to generated power by using

turbine. It can be used for electricity generatigrfrom directly driving a consumer machlfie29],

5.25 Conversion Four Stageto Five Stage Cyclone Preheater

By an addition of a one stage of cyclone, the gas temperature downstream of the pre-heater w&@C5the
specific energy consumption was down by 45 kcaltkgker. By an addition of a one stage the retentimne
between gas and material will increase and conselyuthe pre-heater exit gas will decrease and afser the

specific fuel energy consumpti&%z].
CONCLUSION

Cement production is a highly energy intensive pmidn processes. Important efforts are being ntadentinue
for saving the energy for the cement industry.

Successful reduction of fuel consumption contribute lower fuel cost, higher clinker productionwtr electricity
consumption and lower greenhouse gas emission.

Internationally, the cement industry is moving tosvéghe use of alternative fuels such as tires,i¢aints and oils.
The use of alternative fuel can save cost and ibanér to solution of the environmental problems.
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Nomenclature

Symbol Description Symbo Description
A Mass flow rate of fuel to preheater  «m | Clinker discharge
m. Mass flow rate of fuel to kiln Mpair | Preheater exhaust
Hc Net heating value Mpair Primary air
Q, Combustion of fuel to preheater & | Hot air from cooler to preheater
Q, Sensible heat of fuel to preheate sdn | Hot air form cooler to kiln
m. Raw materials i | Waste hot air from cooler
Q, Heat by raw materials M d Dust from kiln to preheater
Q, Organic in the kiln feed a:] Dust from pre-heater
ng Heat by kiln gas 2] Hot materials calciner to kiln
Qtair Heat by tertiary air i Cooling air enter to cooler
Q. | Primary air
Q, Kiln exhaust gas
Q, Heat of reaction
Q, Moisture in raw material and fuel
Q, Heat loss by dust from preheate
Q. Kiln dust from kiln to preheater
Q. Hot calcined materaials
Q, | Hot cilnker
Q,. | Combustion of fuel to kiln
Q,, | Sensible heat of fuel to kiln
Q sai Heat for secondary air
Q, Heat by cooling air
Q, Hot air from cooler
Q,, | Clinker discharge
Q Heat losses
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