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Abstract : The feasibility of clean technology to minimize the CO, emission by recycling and reuse the waste
materials and energy have been studied for the cement industry. A life cycle assessment (LCA) was performed
for an alternative raw material-supply method to use the molted slag as the major raw material in the cement
clinker manufacturing. Using this new method, a 60% of CO, could be reduced that comes out during the
decarboxylation from the cement rotary kiln. The energy-efficiency improvement and the alternative energy
methods that had been determined in our previous study through the environmental assessment of cement
industry were applied to the study for the reduction of CO, emission. The natural gas, one of the fossil fuels, was
also used as the first choice to get the result at the earliest time by the most economic and the most efficient green
technology and to switch into the carbon neutral energy consumption pattern.
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Table 1. CO; emission per cement sales (unit: ton/0.1 billion
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Figure 1. Flow diagram of the cement manufacturing process.
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Table 2. LCI database in the portland cement industry

Group Name Amount (kg)
Resource BaSO4 1.1990E-04
y ALO; 2.1669E-03
» Brown coal 0.1802
” Caliche 3.1164E-02
” CaSO; - 2H,O 7.1251E-02
” Crude oil 2.1351E-02
” CaF, 2.2604E-02
” Hard coal 8.0072E-02
» Iron ore 0.02136
Input ” Limestone 1.6318
” Natural gas 3.7603E-03
” Quartzite 0.008892
” SiO, 2.9855E-04
” Shale 1.8764E-02
” Water 1.5708
Raw Unspecified 1.8093E-02
material chemicals
” Sulfate 6.4797E-02
Energy Coal energy 8.3686E-02
waste
Emission CO, 0.8428
Waste Hazardous 0.002425
wastes (domestic)
” Industrial 0.3443
wastes (domestic)
” Industrial 0.003414
Output wastes (foreign)
Product Portland cement 1
Waste Unspecified 0.005928
wastes
Emission Vapor 0.001835
” Waste gas 0.007179
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Table 3. Utilization of energy in the cement industry [2]
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Table 4. CO; emissions in the cement manufacturing process [2]

(unit: thousand ton)

Item 1990 1995 2000 2005 “90vs*95 “90vs*95 “00vs* 05

Fossil 8,946 14,978 12,349 11,060 67% -18% -11%

Fuel | Alternative - - 309 1,497 - - 384%

Direct Sum 8,946 14,978 12,659 12,557 67% -15% -1%

Excarbonation 15,373 27,244 24,002 22,612 77% -12% -6%

Subtotal 24,319 42,222 36,661 35,169 74% -13% -4%

Indirect Electricity 1,516 2,516 2,269 2,200 66% -10% -3%

Total 25,835 44,738 38,930 37,368 73% -13% -4%
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Table 5. Environmental effects in the mixed raw materials

Total Clinker "
Environmental Unit Clinker Clinker Slag Clinker  Clinker Slag Fgf :ll Electricit
Factor 100%  50%, 100% | 100%  50%,  100% | o Y
Slag 50% Slag 50%
Global warming | kg COs-eq 0.375 0.236 0.0974 0.278 0.139 0 0.0672 0.0292
(GWP 100)
Ozone depletion | kg CFC-11-eq| 4.81 3.33 1.85 2.96 1.48 0 0 1.85
(ODP) x107” x107” x107” x107” x107” x10”
Photochemical kg C,Hy 6.73 5.02 3.32 3.41 1.7 0 2.49 7.17
oxidation x107 x107 x107 %107 %107 %107 x10°¢
Acidification kg SOs-eq 0.00114  0.000865  0.000587 | 0.000556 0.000278 0 0.000461 | 0.000112
Eutrophication kg POs-eq [0.000134 8.09 2.82 0.000105 5.27 0 1.67 8.92
x10” X107 x107 x10” x10°
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