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Indigenized life cycle water footprint impact quantification model construction
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Abstract: Water footprint, a comprehensive index used to evaluate water consumption and pollution status, can assess and
manage the environmental risk of the water environment in a scientific and systematic manner. The traditional water footprint
analysis method does not consider environmental impact assessment. This study proposed a general indigenized life cycle
water footprint impact quantification model according to ISO 14046 international standard. The model simulated the
migration and transformation of multi-media pollutants emissions through the multi-media fugacity model to eliminate the
components that do not enter the water medium finally. Meanwhile, the intake pathway only considered the oral intake
related to the water media. The study firstly proposed a water footprint assessment model which integrates water scarcity
impact, ecology and health risk quantification originated from water pollution, and China’s national situation. This model
can help to optimize the water system, control the secondary pollution and pollution transfer effectively, and achieve
accurate control. Moreover, due to its universal, this model can provide theoretical support and practical experience for
other countries or regions to carry out life cycle water footprint impact assessment. Additionally, this paper uses a water

footprint analysis of ferronickel production as examples to conduct the application example research. The footprint impact of
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ferronickel production was mainly attributed to the indirect processes, including transportation, coke production, electricity
supply, compressed air, and electrode paste preparation. Meanwhile, controlling nitrogen, phosphorus, sulfur dioxide, and
heavy metals (e.g., chromium, arsenic, mercury, and copper) emissions was effective for optimizing the environmental

performance.

Key Words: water footprint quantification model; life cycle assessment; characterization factors calculation; ferronickel
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Fig.1 Phases and basic requirement of water footprint assessment
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Fig.2 Framework of LCA based impact-oriented water footprint analysis model
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Fig.3 Method of water footprint impact analysis inventory construction at meso-level
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Table 1 Conversion factors of midpoints to endpoints in LCA based impact-oriented water footprint analysis model
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Table 2 Water footprint impact analysis results

RN Hfy 7K A2 35 5 1) ern W BhE
Categories Unit Water footprint impact GSD Variations

] 45, Midpoints TR A 3 m’ 31.87 1.32 24.10—42.14
Hoit il RIREL 3.6x107° 2.38 1.5x1075—8.5x107°
e suE M 2l RIREL 5.4x107° 2.59 2.1x107°—1.4x107*
WK A ST 2 Z RPN A 13662.3 2.16 6314.8—29558.8
IR B TRl R kg POT -4t 0.06 2.12 0.03—0.13
PRIk fE 35 kg SO, -4t 17.37 1.26 13.83—21.81

245 Endpoints NS =il BRI A A AT 5.8x107* 1.34 4.3%x107*—7.8x107
EBRG B AETRAE RN K A LB/ m? 24.23 1.33 18.18—32.29

GSD? . JLfa[ b 22 9F- 77 Squared geometric standard deviation
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Fig.5 Key factors analysis: key processes and substances of human health and ecosystem quality damage
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Table 3 Sensitivity analysis
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