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Research and Application of Life Cycle Assessment
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Abstract: As one of the important basic raw material industries in China, cement is widely used in construction, national
defense, roads and other fields. Along with the continuous progress of the sustainable development, cement industry is under
the change stage from the intensive production of high energy consumption and high pollution to the environment friendly

development mode. In this study, an environmental impact assessment index system and procedures based on Life Cycle

Assessment method were established, which suit for cement production process. The research of environmental impact

hotspot identification and process optimization effect evaluation on the new dry cement production process was introduced.
Moreover, quantitative evaluation and comparison for technology solutions of the cement kiln co-disposal of sludge and house-
hold garbage, as well as industrial waste in place of raw materials were carried out in order to provide guidance for accurate
quantification of environmental burden in cement production process and eco-design of environment friendly waste-based ce-
ment.
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’ The goal of LCA in cement production ‘

l

‘ The scope and system boundary of LCA ‘

I

‘ 1.CT analysis of cement production process ‘

l

‘ Evaluation indexes, index system and LCA model ‘

I

‘ Environmental load calculation for cement production process

I

‘ Recommendations for evaluate improvement ‘
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Fig. 1  Procedure of cement life cycle assessment
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Table 1 Environmental impacts caused by cement production

Resource consumption and

Environmental index . ..
environmental emissions

Resource consumption  limestone, gypsum, sandstone, iron powder
coal, electricity, fuel oil

€0,, €O, SO,, NO,, HF, HCI, dust,

heavy metals, phosphate, nitrate

Energy consumption

Pollutant emissions
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Table 2 Environmental impact indicators of cement production

Environmental Environmental Parameter index
impact categories load projects and units
ADP coal, oil, natural gas, limestone, Sh. eq
gypsum, sandstone
GWP Co, CO,.eq
AP S0,, NO,, HCl, HF S0,. eq
HTP SO,, NO,, dust, HF 1,4-DCB. eq
POCP s0,, NO,, CO C,H,. eq
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Table 3 LCI of cement

Flows Mining Raw mateﬁal. Ra?v nf]eal Raw medl . C'linke.r Coal ' C'emc?nt
pre-homogenization grinding  homogenization incineration preparation grinding
Limestone 1. 06 E+00
Sandstone 9.04E-02
Resource Iron powder 6. 16E-02
Bauxite 6.53E-02
Gypsum 7.61E-02
Energy Coal 2.13E-01 6.77E-04 1.17E-02 4.96E-04 1.40E-01 4.52E-03 2.38E-02
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.. Raw material Raw meal Raw meal Clinker Coal Cement
Flows Mining L R . - . . Lo
pre-homogenization grinding  homogenization  incineration preparation grinding
Co, 8.65E-02 1.32E-03 2.27E-02 9.65E-04 6.80E-01 8.79E-03 4.62E-02
NO, 1.44E-03 8.67E-06 1.50E-04 6.39E-06 1.43E-03 5.82E-05 3.06E-04
Emissions S0, 6.52E-04 6.46E-06 1.12E-04 4.75E-06 1.19E-03 4.33E-05 2.28E-04
Cco 1.29E-04 1.76E-06 3.03E-05 1.29E-06 3.54E-04 1.17E-05 6. 18E-05
dust 7.41E-04 9.04E-06 1.59E-04 7.40E-06 2.41E-04 1.33E-04 2.32E-02
R4 T AGKIRMIRE R IMBFIELE R
Table 4 LCIA result of cement
Environmental impact Minine Raw material Raw meal Raw meal Clinker Coal Cement
categories 1ning pre-homogenization grinding homogenization incineration preparation grinding
ADP 4.54E-02 1.20E-04 2.11E-03 8.99E-05 1.81E+00 8. 18E-04 2.55E-02
GWP 8.65E-02 1.32E-03 2.27E-02 9.65E-04 6.80E-01 8.79E-03 4.62E-02
AP 9.48E-04 6.60E-06 1. 14E-04 4.86E-06 1.13E-03 4.42E-05 2.33E-04
HTP 1.07E-03 1.17E-05 2.05E-04 9.22E-06 9.79E-04 1.38E-04 1.92E-02
POCP 1.26E-05 1.38E-07 2.38E-06 1.01E-07 2.62E-05 9.23E-07 4.86E-06
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Table 5 LCI of cement after improvement
Flows Raw materials Raw material Raw meal Raw meal Clinker Cement
mining pre-homogenization grinding homogenization Incineration grinding
Limestone 1.05E+00 3.24E-02
Sandstone 7.08E-02
Iron powder 1.95E-02
Resource Bauxite 7.62E-02
Gypsum 3.92E-02
Fly ash 2.27E-02
Slag 8.36E-02
Energy Coal 1.07E-01 3.82E-04 7.65E-03 3.59E-04 1.17E-01 2.04E-02
CO, 8.27E-03 9.15E-04 1.83E-02 8.60E-04 2.80E-01 3.49E-02
NO, 1.06E-03 3.80E-06 7.61E-05 3.57E-06 1.16E-03 2.03E-04
Emissions S0, 2.25E-04 8.02E-07 1.61E-05 7.54E-07 2.46E-04 4.28E-05
Cco 6.27E-06 1.19E-06 2.38E-05 1.11E-06 2.59E-04 4.53E-05
Dust 3.47E-05 1.24E-07 2.48E-06 1.16E-07 9.70E-05 1.67E-05
Fo FARBERKRESLEARERE
Table 6 LCIA result of cement after improvement
Environmental impact Raw materials Raw material Raw meal Raw meal Clinker Cement
categories mining pre-homogenization grinding homogenization incineration grinding
ADP 2.14E-03 7.64E-06 1.53E-04 7.18E-06 1.77E+00 9.80E-03
GWP 1.07E-01 9.15E-04 1.83E-02 8.60E-04 4.80E-01 4.88E-02
AP 4.84E-04 1.73E-06 3.47E-05 1.63E-06 9.29E-04 9.25E-05
HTP 6.75E-04 2.42E-06 4.85E-05 2.27E-06 2.40E-04 1.47E-02
POCP 1.50E-05 8.53E-08 1.71E-06 8.00E-08 2.40E-05 4.55E-06

F7 BERBERKREFEAMREATERIEE
Table 7 Comprehensive environmental load reduction range of

cement after technical improvement

Environmental impact Comprehensive environmental

categories load reduction range in the process
ADP 5.37%
GWP 21.48%
AP 35.99%
HTP 26.87%
POCP 2.43%
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Table 8 Rank of environmental benefits potential of different kinds of waste utilization

Environmental benefits Best

Third

Second

Carbon emission reduction Fly ash replace clinker
Fossil energy saving

Land saving Fly ash replace raw meal
Resource saving

Non-greenhouse gas emissions reduction Fly ash replace clinker

Coal gangue replace raw meal

Coal gangue replace raw meal

Slag replace clinker Carbide slag replace raw meal

Fly ash replace clinker Slag replace clinker
Fly ash replace clinker Carbide slag replace raw meal
Fly ash replace raw meal Fly ash replace clinker

Slag replace clinker 80% watery sludge replace raw meal
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Fig. 2 LCIA result of different industrial waste utilization scenario
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Fig. 3  Different scenario of garbage treatment
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Fig. 4 System boundary of cement kiln synergy disposal of municipal waste
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Fig. 6 Weighting result of different garbage treatment/utilization scenario
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Table 9 LCIA result of different sludge utilization way
Environmental impact categories  Dehydration-cement plant ~ Lime-cement plant Def;i;?;]ir n Inc;;:é?il]ilm' Compost
GWP 4.53E-13 4.91E-13 4.24E-12 4.48E-12 3.64E-12
AP 3.04E-13 4.12E-13 2.21E-12 2.16E-12 1.89E-12
POCP 9.81E-15 1.41E-14 6.53E-14 6.21E-14 5.60E-14
EP 1.27E-13 1.81E-13 8.61E-13 8.23E-13 7.38E-13
HTP 1.58E-12 1.45E-12 1.68E-11 1.82E-11 1.44E-11
ADP 7.71E-15 1.51E-14 2.01E-14 7.93E-15 1.72E-14
Total 2.48E-12 2.56E-12 2.42E-11 2.57E-11 2.07E-11
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