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Life Cycle Assessment of Cement and Its Research Progress in Low
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Abstract: Cement industry is the largest carbon emission industry next to steel. It has a significant impact on the
realization of the “dual carbon” goal. Life cycle assessment (LCA) is a tool for quantitative analysis of environmental
load of cement throughout its life cycle. The current status of the research on the use of LCA to evaluate the integrated
environmental load of cement was reviewed. Four critical steps of the LCA method were systematically described
including the goal and scope definition ( functional unit and system boundary) , inventory analysis (input data, output
data and allocation method ), impact assessment ( classification, characterization and normalization) and life cycle
interpretation. The improvement measures for low environmental load, such as using alternative fuels and alternative
materials, transformation of production process, carbon capture technology and development of low-carbon
cementitious materials were comprehensively analyzed. The cooperative optimization of environmental load and
cement performance as well as its existing limitations were discussed. The future research direction were proposed.
Key words : integrated environmental load; life cycle assessment (LCA) ; cement; energy conservation and
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Table 1 Functional units and system boundaries of cement production from different LCA researches

System boundary

Functional unit Raw Raw

Clinker

Waste  Country Year Reference

Cement  Energy

material Transportation material L o . heat
. . calcination  grinding production

extraction preparation recovery
1 kg of Portland cement / / N/ N N/ N/ / China 2006 [7]
907 kg of P+O cement NG N NG N NG NG / USA 2009 [10]
1 kg of cement clinker N/ N N/ N/ / N / Spain 2012 [11]

1tof t with different
o7 cement with areren J J J J v J < China 2017 [12]
strength grades

1 t of clinker and 1 t of cement N/ N/ N/ N/ N/ J / Turkey 2019 [13]
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Table 2 Environmental categories and equivalent units involved in cement production in CML2001 model'
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Environmental impact category

Inventory item Equivalent unit

Abiotic depletion potential (ADP)

Global warming potential (GWP)
Acidification potential (AP)
Human toxicity potential (HTP)
Photochemical oxidation potential (POCP)
Eutrophication potential (EP)

Land use (LU)

Limestone, clay, sandstone, iron ore, gypsum, coal, petroleum,

80,. NO,, CO, CH,

kg Sb eq.

natural gas
CO,, CH,, N,0 kg CO, eq.
SO,, NOy kg SO, eq.

SO,, NOy, PM kg 1,4-dichlorobenzene eq.

kg ethylene eq.
NOy kg PO} eq.

Area

2

m?
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Fig. 6 Environmental load of cement production using

different alternative fuels
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