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Figure 2- Calciner Geometry and arrangement of burners and inlets
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Table 1- Inlet boundary conditions

Boundary Name Unit Flow Rate Temperature (°C)
Tertiary air Nm3/hr. 64,062 872
Kiln and Riser Flue Gas Nm3/hr. 78,688 1100
Meal Inlet t/hr. 248.269 813
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Table 2- Burner Operating Condition in Base Case (Mazot & Natural Gas)

Burner . . Volume Flow Rate '
Primary Air (Nm3/hr.) Natural gas (Nm3/hr.) Mazot (lit/hr.)
#1 1,173 2,427 0
#2 1,173 2,427 0
#3 1,173 2,427 0
#4 1,173 0 1,050
Total 4,692 7,281 1,050
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Table 3- Grid Independency
Number of elements Calcination Degree
2 800 000 80.165
5800 000 82.88
8 200 000 83.546
11 600 000 83.75
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Table 4- Comparison of simulation results and site survey data

Properties Simulation Experimental
Calciner Outlet Temperature (°C) 975 950
Calciner Outlet LOI (%) 7.74 6.68
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Figure 4- Spatial Distributions of CH, and CO Mole Fractions - the Base Case (Mazot & natural)
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Table 5- Burner Operating Condition in the Proposed Cases

Volume Flow Rate
Burner _ _ PC#1 _ _ PC#2
Primary Air Natural gas Primary Air Natural gas
(Nm3/hr.) (Nm3/hr.) (Nm3/hr.) (Nm3/hr.)

Burner #1 1,923 2,000 1,923 1,838
Burner #2 1,923 2,000 1,923 1,837
Burner #3 1,923 2,000 1,923 1,837
Burner #4 1,923 2,000 1,923 1,837
New Burner #1 0 0 0 800

Total 7,692 8,000 7,692 8,149
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Table 6- Summary of Base and Proposed Cases

Properties Base Case PC#1 PC#2
(Mazot + Natural Gas) | (100% Natural gas) [ (100% Natural gas)

Fresh Feed Rate (t/h) 225 225 235
Natural gas (Nm3/h) 7280 8000 8149
Mazot (L/h) 1050 0 0
Calciner Outlet Temperature (°C) 975 970 952
Calciner Outlet LOI (%) 7.74 8.11 7.83
Calcination Degree @ Calciner Outlet (%) 84.4 83.53 82.56
C19H30 (Mazot) Mole Fraction (ppmv) 0 0 0
CH,4 Mole Fraction (ppm) 2174 <500 <100
C,Hg Mole Fraction (ppmv) <10 <10 <10
CO Mole Fraction (ppmv) 479 24 29
0O, Mole Fraction (%) 0.85 1.33 1.36
Fuel Consumption (as compared to base case (100% Natural gas)) - -6% -5%
Unburnt Fuel (as compared to base case (N.G. and Mazot)) - -98% -99%
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Optimizing and reducing the fuel consumption and thus preserving national economic resources is one of the
important goals in the economy of any country. Using the natural gas instead of liquefied petroleum fuels and
reducing energy consumption in industries such as cement can be a practical solution to meet the above-
mentioned goals. In this study, numerical simulations are performed to enhance combustion and calcination
process in the Hormozgan cement plant calciner. To such aim, various optimizations are carried out to replace
highly polluting expensive Mazot fuel with natural gas and to improve calcination and combustion processes.
Obtained results show that proposed modifications give the calciner the capability to be operated by 100%
natural gas, while they reduce the energy consumption and pollutant emissions significantly. Finally, the best
proposed case is implemented in the cement calciner to replace Mazot by natural gas and reduce energy
consumption and pollutant emissions. Site data clearly validates the proposed modifications to be effective
enough to achieve all the objectives of the project.

Keywords: Calciner, Energy consumption, Pollution, Numerical simulations
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