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ABSTRACT 
 
 Cement production has been one of the most energy intensive industries.  This paper deals with the energy 
audit analysis of a dry type rotary kiln system with preheater – precalciner, rotary kiln and grate cooler for 
clinker production in a cement plant in Egypt. The process operates with kiln gas by pass ratio ≈ 0.15.  The kiln 
has a capacity of 6300 ton-clinker per day (≈ 4 ton/m3 kiln volume d.). It was found that net thermal efficiency 
of the process attains ≈ 56 %. The major portion of heat loss (≈ 17% of the total heat  input ) was being lost with 
preheater exit gas and dust. Heat lost with by-pass gas and dust attains ≈ 5 % of input energy. Total convection 
and radiation losses attain ≈ 12% whereas cooler exhaust air stack loss represents 8.1% of total heat input. 
Thermal efficiences of the preheater –precalciner, the rotary kiln and the grate cooler have been estimated as 
77.8 % , 23.4 % and 79 % respectively.  Potentials for further saving of   fuel consumption in the investigated 
process have  been  discussed. 
 
Kew words: energy, Egyptian cement, dry Process Kiln Plant  
 
Introduction 
 
 Cement manufacture is one of the most energy intensive industries. The major part of consumed energy in 
cement industry is thermal energy which is consumed mainly in the kiln plant for clinker manufacture. With 
increasing energy costs and depletion of conventional fuels, such as natural gas and heavy fuel oil, it is a major 
aim all over the world to decrease specific fuel consumption in cement kiln plant as possible (Rosemann et al., 
1987) 
 Dry process with precalcination is the most up to date technique for clinker manufacture. It is characterized 
by high productivity and relatively low specific heat consumption (Rosemann et al., 1987; Gardeik, 1981; 
Rosemann and Gardeik, 1983; Gardeik and Rosemann, 1981).  The kiln plant consists of a multi stage cyclone 
preheater, calciner, rotary kiln and  cooler. The raw meal is fed to the cyclone preheater and heated by the 
uprising hot gases.  The preheated raw meal is then partially calcined in the calciner with supplied energy from 
fuel and from hot gas flowing from the kiln to the calciner. The solid material slides then to the rotary kiln 
where it flows counter currently to fuel combustion gases.  It is   completely calcined in the kiln and heated to 
the clinkering temperature with promoting the formation of clinker phases. Clinker is cooled then in the cooler, 
by induced cooling air, to its  exit temperature.  There are three main types of clinker coolers: rotary coolers, 
planetary coolers and grate coolers  (Sylla and Steinbach, 1988; VDZ Merkblatt 1980; Hansen, 1980).         
 In general the main factors affecting fuel consumption of cement dry process with precalcination can be 
summarized as follows (Rosemann, 1995):  
• The degree of usage of hot gases heat in the preheater precalciner. This depends on several factors such as 

the constructional features of the cyclone preheater, the maximum achieved calcination degree in the 
precalciner, the amount of induced false air, the type of used fuel, the excess air factor for combustion, the 
number of preheater stages and the degree of walls insulation. Efficiency of usage of hot gases heat in the 
preheater prcalciner is indicated by the enthalpy (amount and temperature) of preheater exit gases; it is 
inversely proportional to such enthalpy. 

• Firing efficiency of the rotary kiln. It means the fraction of kiln hot gases heat that is consumed inside the 
kiln. It depends on the type of fuel used, excess air factor for combustion, amount of induced false air and 
efficiency of heat transfer between the flame and the fired mate 

•  Degree of kiln insulation and consumed heat for clinkering reactions play also main role in kiln fuel 
consumption  

• Cooler efficiency and the extent of clinker heat regain by preheating the air for fuel combustion in the 
calciner and kiln (Gardeik et al., 1987). 
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 In case of cement raw materials (mainly limestone and clay) containing considerable amounts of secondary 
constituents, such as alkalies, chlorides and sulfur compounds, intense circulation  of such constituents develop  
between preheater-precalciner and kiln which may cause serious operation, clinker quality and environmental 
problems (Ritzmann, 1971; Goldmann et al., 1981). In order to reduce the intensity of such cycles  it is 
necessary to divert a pre estimated  fraction of kiln  gases   through kiln gas by pass. By-pass kiln gases 
represent a point of considerable  heat and material loss in the process.  
 Egyptian cement raw materials are characterized by relatively high percentages of secondary compounds 
(CI, alkalis and sulfur compounds) which makes it necessary to expel a fraction of kiln gas depending on the 
nature and amount of such constituents, through by pass .  Reported values for kiln gas by pass ratio in Egyptian 
cement kiln plants are 0. 2 -1 and for specific heat consumption 837 -1004 kcal/kg clinker (Farag, 1994; Farag 
and Abbs, 1995; Farag et al., 1997). 
 The present article deals with evaluation of the operational behavior of an Egyptian cement kiln plant with 
relatively small kiln gas by pass ratio (0.15) and low specific fuel consumption (754 kcal/kg clinker). Mass and 
heat balances have been established around the whole process and around the main process parts (preheater – 
precalciner, kiln and cooler) with evaluation of their thermal efficiencies.  To throw more light on the effect of 
kiln gas by pass on kiln operation, heat balance  around  the process has been compared with that around an 
Egyptian process with maximum (100%) kiln gas by pass ratio (Farag, 1994). Potentials for further saving of  
fuel consumption in the investigated process have been illustrated. 
 
Average operation conditions of the process: 
 
 The considered process consists of 5 stages -one string- cyclone preheater – low NOx calciner, rotary kiln 
and grate cooler.  One air duct conducts tertiary air from the cooler to the calciner.  Various data required for 
establishing mass and heat balances around the process have been supplied from recorded factory operation data 
or calculated from measured data. Examples of such calculations are shown in Appendix. A  
 Various operation data of the process are shown in table (1).  Raw material and clinker analysis are shown 
in table (2).  Schematic diagram of the process is shown in fig (1). 
 
Table 1: Main Data of the investigated kiln plant. 

          data  
       kiln length     80  m 
       kiln Diameter     5 m 
       type of cooler    grate Cooler  
        raw meal factor     1.6 
        type of fuel      natural gas* 
        fuel temp.          30 C0 
       ambient temp.         28 C0 
        productivity         6300 TPD 
        feed from silo                                                           420 t/h 
        preheater dust loss         10%    of raw meal 
        feed moisture          0.5%  
          loss of ignition of hot meal to kiln           4% 
       bypass ratio          15 % 
       bypass dust          4000 kg/h 
       bypass gasses          0.10 kg/kg cli 
       quench air          90 t/h 
      total kiln area          1269 m2 
      total preheater area          7646 m2 
        Wind speed              3  m/s 
        excess air in kiln inlet           22.6 % 
      oxygen in kiln inlet              4% 
       excess air in preheater outlet          17.5% 
     oxygen in preheater outlet                                               2.5% 
       false air to kiln          0.08 kg/kg cli 
       false air to preheater          0.08 kg/kg cli 
       primary air          0.048 kg kg cli 
       secondary air                                                                   0.33 kg/kg 
     secondary air dust          0.05  kg/kg cli 
      tertiary air          0.726 kg/kg cli 
        tertiary air dust          0.05 kg/kg cli 
        weight of hot meal from calciner          1.09 kg/ kg cli 
      air with feed          0.05  kg/kg cli 
       sp. Fuel consumption          0.065 kg gas /kg cli (754 kcal/kg cli.) 
       sp. Fuel consumption in calciner                         0.043  kg gas/kg cl  ( 64% of total fuel) 
       sp. Fuel consumption in kiln                              0.022    kg gas/kg cl  (36 % of total fuel) 
       heat of reaction in calciner         460.2 kcal/kg cli 
        total heat of reactions         425.6 Kcal/ kg cli 
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*used natural gas: 
 Chemical composition, % by weight: 
   74.72 %   C,   24.54 % H,   S    0%,       N2   0.092% 
L.C.V.  =  11671.5    kcal  /kg gas  = 48786.87    kJ/kg gas 
Theoretical combustion air, Amin = 17.2 kg/kg gas                                                                         
Theoretical combustion gases, Vmin     = 17. 98 kg/kg gas 

 
Fig. 1: Schematic diagram of the kiln system. 
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Table 2: Chemical composition of raw mix and clinker. 
Component Raw material (%) Clinker (%) 

SiO2 
Al2O3 
Fe2O3 
CaO 
MgO 
SO3 

Loss on ign.(LOI) 
TOTAL: 

CO2 
K2O 
Na2O 

Sulphur,total 

14.00 
3.10 
1.80 
42.00 
1.30 
0.30 
34.60 
97.50 
33.50 
0.70 
0.12 
0.25 

 
21.5 
4.77 
2.77 
64.6 

2 
0.46 

 

 
Mass and heat balances around the process: 
 
Energy auditing around the process: 
 
Mass- and heat balances around the preheater- calciner: 
 
 Table (3) shows mass and heat balances around the preheater-precalciner. As shown from Table(3), more 
than 50% of heat input comes from the fuel, then follows tertiary air heat ( 22% of heat input) and then kiln gas 
to calciner ( 17% of heat input). For the heat output items, the heat of reactions consumes more than half of heat 
input (51%), and then follows hot meal heat (27%). Preheater exit gas enthalpy (≈ 15 % of total heat output) 
represents a potential for further saving of energy consumption e g through its use in drying the raw meal. 
 
Table 3: Mass and heat balances around the preheater-precalciner (Basis 1 kg clinker). 
                                 Amount       Temp              Cp                   Heat               % of total heat 
                                     Kg              oC             Kcal/kg.oC      Kcal/kg cli 
Inputs 
-Raw meal                 1.6                  55             0.212             18.656                 2.05% 
-False air                   0.08                28              0.243              0.544                   0.06% 
-Kiln gas to               0.44                 1180         0.297            154.2                   17% 
  calciner  
- kiln dust                 0.05                1180          0.246             14.5                      1.6% 
- Tertiary air            0.726              1050           0.27              205.82                22.6% 
-tertiary air dust        0.05                1050           0.264           13.86                     1.5% 
- Fuel enthalpy        0.0428                                                     499.5                   55.06%  
Total inputs              3.0                                                           907.1                   100%  
Outputs 
- preheater exit          1.8               296           0.241              128.4               14.2%  
   gas 
- preheater dust        0.15              296           0.23                10.21               1.1% 
- Heat of reactions                                                                    460.2               51% 
- Hot meal                  1.09              870           0.263               249.4              27.6% 
- Wall heat loss                                                                           55                    6.08%  
Total outputs            3.0                                                            903.2              99.98%  
 
- Evaluation of the performance of the preheater-precalciner: 
  
 Two efficiency terms have been defined (Rosemann, 1995) and estimated for the preheater and for the 
preheater-precalciner as follows: 
 
-  Caloric efficiency of the preheater , ῃc:      
 

 

Where: 
                    Tso       =   solid inlet temperature to preheater  
                    Ts1       =   solid outlet temperature from preheater 
                    Tg1      =   hot gas inlet temperature to preheater 
 
 It means in words the actual increase of solid temperature in the preheater relative to the maximum possible 
increase when solid attains the temperature of the hot gas . It is a measure of the efficiency of preheating the 
charge before entry to the calciner. 
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ῃc    = ( 855 -55)/ ( 867 -55 )*100   = 98% 
 
It means very high caloric efficiency of the 5-stages cyclone preheater of the process. 
 
-  Thermal efficiency of the preheater-precalciner, ῃth: 
 
 It is defined as the ratio of the useful heat gained by the hot meal in the preheater precalciner (sensible heat 
and reactions heat) to the total heat input.     
From table (3),  
 

 

           =   77.8 % 
 
 Total heat loss from preheater-precalciner (escaped heat with preheater exit gas and wall heat losses) attains 
22.2% of total heat input. 
 
Mass- and heat balances around the rotary kiln: 
 
 Table (4) shows mass and heat balances around the rotary kiln. As shown from Table (4) fuel enthalpy and 
hot meal enthalpy contributes each by ≈ 40% of the total heat input. Enthalpy of preheated secondary air 
contributes by about 18% of heat input. 
 On the other hand the enthalpy of outlet clinker from the kiln forms the largest heat output item  (≈ 60 % of 
total heat output) then follows the  enthalpy of kiln outlet gases and dust ( kiln gas to calciner + by pass gases) 
which constitutes about 30% of total heat output.  That clarifies the necessity of efficient heat recovery from 
clinker in the cooler and minimizing outlet kiln outlet gases and dust as possible. 
 
-Evaluation of the performance of the kiln operation: 
 
 For evaluation of the kiln operation; two kiln efficiencies have been defined (Rosemann, 1995) and 
estimated: 
 
- Net thermal efficiency of the kiln ῃth: 
 
 Net thermal efficiency of the kiln ῃ th is defined as the ratio between consumed heat by the charge   (sum of 
sensible heat and reactions heat) to the total introduced heat to the kiln. 
From Table(4). 
 

 

            = 23. 35 % 
 
-  Firing efficiency of the kiln, ῃf: 
 
 Firing efficiency of the kiln, ῃf (as has been defined before) expresses the percentage of the sum of fuel heat 
and secondary air heat that is consumed inside the kiln. 
From table(4): 
 

 
       =   48.4%    
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Table 4: Mass and heat balances around the rotary kiln (Basis 1 kg clinker). 
                      Amount           Temp             Cp              Heat            % of total heat 
                      Kg/kg cli            oC             kcal/kgoC        kcal 
Inputs 
Hot meal             1.09                  870           0.263           249.4                  40.4% 
False air               0.08                    28           0.243               0.54                      
Secondary air     0.33                1250           0.271           111.78               18.1% 
Primary air          0.048                  28           0.243                0.3 
Fuel enthalpy     0.022                                                       254.8                  41.3% 
Total Inputs                                                                         616.86              ≈100% 
Outputs 
- Hot clinker           1                    1400          0.264            369.6                60.45% 
- Dust clinker         0.1                 1400          0.264              36.96                6.04% 
- kiln gas to            0.44               1180          0.297            154.2                25.2% 
    Preheater   
- kiln dust               0.05               1180          0.246                14.51               2.37% 
- By pass gas          0.1                 1180          0.297                35                     5.7 % 
- By pass dust        0.015             1180          0.246                  4.4                  0.71% 
- Wall heat losses                                                                     31. 3                 5.1% 
-Heats of reactions.                                                                -34.6                 -5.66 
Total outputs                                                                          611.4                 ≈100%    
 
Mass and heat balances around the grate cooler: 
 
 Table (5) shows the estimated mass and heat balances around the grate cooler. As shown from table (5), the 
sum of heat losses from the cooler (exhaust air + cold clinker + wall heat loss) attains about 20% 0f the total 
heat output from the cooler.  Exhaust air driven from the cooler at 250 oC is a point of heat recovery. It can be 
utilized in any purpose acquiring  low temperature heat   such as drying or space heating.   
 
Table 5: Mass and heat balances around the grate cooler. (Basis 1 kg clinker) 
                                 Amount          Temp              Cp                         Heat                   % 0f total heat 
                                 Kg/kg cli           oC               kcal/kg oC           kcal/kg cli          
Inputs 
-Hot clinker                1                    1400            0.264                      369.6                  86.7% 
-dust clinker               0.1                1400            0.264                      36.96                     8.67% 
- cooling air                2.19                   28            0.243                      14.97                     3.5% 
- Fan energy                                                                                             4.68                     1.1 % 
Total inputs            3.29                                                                      426.21                  ≈100% 
Outputs 
- Sec. Air                   0.33              1250             0.271                       111.78                  25.8% 
- Sec. Air dust          0.05              1250             0.252                         15.75                     3.6% 
- Tert. Air                  0.726           1050             0.264                        201.25                  46.57% 
- Tert. Air dust         0.05             1050              0.237                         12.44                     2.8 % 
- exhaust air             1.04               250              0.247                         64.22                   14.86% 
- Cold clinker            1                    120               0.19                           19.6                       4.5% 
- Wall heat loss                                                                                         7                           1.6% 
Total outputs          3.20                                                                       432.05                 99.73% 
 
-  Evaluation of the Cooler performance: 
 
 For evaluation of the cooler performance, two efficiency terms have been defined (Gardeik et al., 1987)  
and estimated as follows: 
 
-  Cooler thermal efficiency, ῃc.th:  
 
 It is defined as the ratio  of enthalpy increase of preheated  combustion air (secondary air and tertiary air) in 
the cooler  to the maximum possible enthalpy decrease of the hot clinker (i.e. when  clinker is cooled to the 
ambient temperature).  The effect of flowing clinker dust with preheated air through the cooler on decreasing the 
cooler efficiency should be considered as follows: 
Referring to table (5): 
 

 
        = 0.79 
 
 Through means that 79% of the clinker heat is regained as useful heat to the calciner and kiln  via preheated 
air for combustion.    
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-  Degree of clinker cooling, ῃcl: 
 
 It is defined as the ratio of enthalpy decrease of the clinker in the cooler to the maximum possible decrease 
(i.e. when the clinker is cooled to the ambient temperature).  
From Table (5): 
 

 

       =0.96  
 
 From the estimated evaluation parameters of the grate cooler, it is clear that it is characterized by high 
performance particularly regarding the extent of clinker cooling. This is attributed to the large available specific 
amount of cooling air( tertiary air + secondary air + extracted or exhaust air) . Cooling air in this type of coolers 
is not function of the fuel consumption of the process as in the  case of  rotary-  and planetary  coolers.  
 
Mass and heat balances around the whole process: 
 
 Table (6) shows the overall mass and heat balances around the whole process (preheater-precalciner – 
rotary kiln – grate cooler).  
From table (6): 
 Net thermal efficiency of the process, defined as the ratio between the useful gained latent heats of reactions 
to the consumed fuel,   
 
ῃ Th = 425/754.3* 100 = 56 % 
 
 As shown from Table (6) the sum of heat loss with preheater exit gas and dust represents the largest loss 
fraction (≈ 17.4% of total heat output), then follows surface heat losses (≈10.8%) whereas heat loss with by pass 
gas and dust represents only ≈ 6% of total heat loss. Heat loss with cooler exhaust air represents considerable 
fraction   (≈ 8 % of total heat output). 
 
Table 6: Overall mass and heat balances around the whole process (Basis 1 kg clinker) 
                                        Amount                      Heat                   % of total heat 
                                           Kg/kg cli              kcal/kg cli 
Inputs 
- Raw meal                          1.6                          18.65                      2.36% 
- Primary air                       0.05                          0.33                       0.04% 
- False air                            0.21                          1.43                       0.18% 
- cooling air                        2.19                        14.87                       1.88% 
- Fuel heat                                                        754.3                       95.5 
Total inputs:                      4.05                         789.58                      100 
Outputs 
- Heat of reactions                                            425                           53.6% 
- preheater exit gas             1.8                        128.15                     16.17% 
- preheater exit dust           0.15                       10.34                        1.3% 
-preheater wall loss                                           55.00                        6.9% 
- kiln wall loss                                                      31.3                          3.95% 
-by pass gases                      0.1                          35                             4.41% 
- By pass dust                       0.02                          4.44                        0.56% 
- cooled clinker                    1                             22.8                           2.87% 
- Cooler exhaust air            1.04                        64.22                         8.1% 
-cooler wall loss                                                    7                               0.88% 
Total outputs                        4.11                       792.2                       100% 
 
Heat balance of the process in comparison to that of a process with maximum by pass ratio:  
 
 Table (7) shows the distribution of fuel heat on the main heat consuming items in the process under 
investigation ( process I ) and the process with 100% kiln gas by pass ratio ( process II)( Farag, 1994) . Specific 
heat consumption of the latter process attains ≈  1040 kcal/kg clinker; the cooler used is of the rotary type. It 
consists of two strings, rotary kiln and rotary cooler. Each string consists of 4 stages cyclone pre-heater and 
precalciner. The specific productivity of this process is about 2.66 t/m3 24 hr which is smaller than its 
corresponding value in our process under investigation (≈4 t/m3.24 hr).  
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Table 7: Distribution of fuel heat on main heat consuming items of Egyptian cement dry processes (Basis 1 kg clinker). 
                                    Process I                                            Process II 
                                         (15% by pass ratio)                            (100% by pass ratio) 
                                       Heat              % of fuel heat                        Heat          % of fuel heat  
 Item                               kcal/kg cli                                                   kcal/kg cli                                                   
- Useful heat                     425                  56.3%                                  420                     40.44% 
- preheater exit gas         125.5               16.61%                               165.8                   15.96 % 
        and dust 
- by pass gas and                35.7                 4.72 %                              229.6                   22.1% 
         dust 
- Wall heat losses               93.9               12.4%                                 163.27                 15.7% 
- Cooler losses                     75.47            10%                                      59.8                     5.76%   
Sum                                       755.5             ≈ 100 %                              1038.5                 ≈ 100% 
 
Comparing table (7), the following notices  can be summarized: 
• Net thermal efficiency of process 1 = 56.3% , whereas that of process II ≈40% 
• Sum of heat gained by flue gases and flue dust represents the largest consumed part of fuel heat in both 

processes . In process 1 heat gained by preheater exit gas is larger than that gained by bypass gases referring 
to the small by pass ratio. In process 2 however the opposite is observed. 

• The  specific wall heat loss in process II is much higher than in process I. That refers to the smaller specific 
productivity (T/m3 kiln volume .day) of process II than process I. It should then be  always aimed to 
maximize productivity of the industrial process as possible through applying different technical means. 

• Sum of cooler heat losses  and  its percentage of total heat is larger in process I than process II. That refers 
to the smaller specific amounts of secondary air and tertiary air withdrawn from the cooler in process I 
(referring to the  smaller specific fuel consumption ).  Getting use of the heat of exhaust air  from the grate 
cooler in process I is however technically feasible and highly beneficial.     

  
Potentials for further saving of consumed fuel heat in Cement plant: 
 
 From the distribution of the different heat output items of the kiln plant, as in tables (6, 7), the potentials for 
more saving of energy consumption in the process   can be summarized as follows: 
1- Decrease of heat losses with exit flue gases from the preheater and the kiln mainly through decreasing their 

amounts and/or their temperature. This can be achieved through the main following ways: 
• Optimization of geometric dimensions of preheater stages to improve collection efficiency and achieve 

good contact between gases and solid without increasing pressure drop.  
• Reduction of in filtrated air to the kiln, preheater –precalciner and cooler by providing better joints between 

ducts and by providing proper maintenance. 
 Excess air factor for combustion in the kiln, calculated from analysis of kiln exit flue gas, is noticed to be 
remarkably high (≈1.21). It has been estimated that decreasing such excess air factor from 1.21 to 1.15  by 
minimizing false air amount  would lead to decrease of specific fuel consumption in the kiln by about 0.003 kg  
gas/ kg clinker  (from 0.022 kg  to 0.019 kg/ kg clinker). Such decrease represents about 13.6 % saving in kiln 
fuel.  
2- Minimizing heat loss through walls of preheter- precalciner, kiln and cooler by applying efficient optimum 

insulation. 
3-  Getting use of the enthalpies of both the extracted air from the cooler and the preheater exit gases (H ≈ 64 

and 128 kcal/kg clinker respectively). They can be used in purposes of drying or space heating . 
 
Conclusion: 
 
 In cement dry process with precalcination the escaped heat with exit gases ( from preheater and kiln by 
pass) represents the major fraction of heat loss from the system.  Controlling excess air factor for fuel 
combustion and minimizing in filtrated false air to the process  is a principal way for energy saving in such a 
process.  
 
APPENDIX  A: 
1. Calculation of the excess air factor for fuel combustion in the kiln and calciner (λk , λp ) from O2% in the 
exit flue gases ( Gad, 1997): 
 
λ = 1 +( O 2 /( 21 –O2)) * Vmin/Amin          
 
Where: 
O2   : is the O2 content in the exit gas of kiln or calciner. 
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Vmin , Amin : are the minimum specific volume of gases formed from the combustion and minimum specific 
volume of air required for combustion, respectively. 
O2 in kiln inlet = 4 %                    
O2 in preheater outlet = 2.5 % 
So the excess air factor in the kiln inlet, λk = 1.21, the excess air in the preheater outlet, λp   = 1.17 
 
2. Calculation of the calcination degree of the hot meal( from bottom stage cyclone to kiln): 
 
 Two definitions can be distinguished for the degree of calcination of the hot meal; the apparent calcination 
degree Ca, without considering the effect of kiln gas dust, and the true calcination degree Ct  ( Rosemann, 1995) , 
with considering the effect of kiln dust.  
Ca can be calculated according to the following equation: 

 
 
According to the chemical analysis of raw meal in table (2),  
LOI of the raw mix = 34.6% 
LOI of hot meal from lower cyclone to the kiln = 4 % 
So according to the previous data the calcinations degree (Ca) = 92.2 %  
Relation between Ca and Ct is shown in the following equation: 
 

              

                           
 Where mkd and mcli are weights of kiln dust and produced clinker respectively (Rosemann, 1995). The 
values of Ct and Ca are very near to each other for the case of kiln dust value = 0.05 kg/kg clinker, as in the 
process under investigation.  
 

3. Estimation of heat loss from surfaces of preheater and kiln: 
 
 The heat loss through the walls of the kiln and preheater has been estimated by the following empirical 
equations ( Gardeik, 1985) : 
 
Qα,€

W = αT * AW * ( TW-TA )                                                                                                               
  
αT =   (B * ωA) + BO  + ( B1 +B1* * ωA) * (TW/100) +B2 * (TW/100)2     W/(m2.0K)                                                                                                          
 
Where, 
Qα,€

W   :    is the heat loss through the walls by convection and radiation. 
αT  :         is the overall heat transfer coefficient by convection and radiation. 
AW   :       is the wall surface area of the kiln or preheater. 
TW,TA    :   are the average wall surface temperature and ambient temperature, respectively.                                                                                                                                                                                                                                                                                                                                                        
ωA     :   is the wind velocity. 
B, BO, B1, B1*and B2:  are coefficients which can be determined, as function of the tube diameter (Gardeik)  
 Surface temperatures of the kiln and preheater have been measured by the "FLUKE 572" infrared 
thermometer, wind velocity = 3m/s 
 
Table (a): Shows the estimated Wall heat loss from preheater and kiln: 
     Data                                           Preheater-calciner                kiln   
Average surface temperature               110oC                             229oC  
Overall surface area                              7646 m2                                  1269 m2  
Overall heat transfer coefficient           26.8                              37.47 W/m2K 
 Specific wall heat loss                          66.5                              36.3 W/kg cli  
                 55                                 31.3  kcal/kg cli 
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4. Estimation of the specific amounts of exit flue gases from the preheater VP and from the kiln VK 
 
Table (b): Exit gases from preheater and from the kiln. 
     Data                                         preheater                       kiln 
                                                         Kg/kg cli                  Kg/kg cli               
-Fuel                                                0.043                          0.022 
-Th. Combusn gases                     0.770                          0.393 
- Excess air                                      0. 06                             0.082 
- CO2 from raw meal                    0.53                             0.041 
- kiln gas to calciner                      0.44 
Sum of exit gases                       1.8                             0.513  
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