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Life cycle assessment of cement manufacture solely from industrial solid waste
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Abstract: The environmental impact of the cement manufacturing using soly industrial solid waste such as calcium carbide slag as raw materials is
evaluated by life cycle assessment ( LCA) . By breaking down and modeling the production process establishing a life cycle list ( LCI) based on actual
data the environmental impact is evaluated using the ReCiPe2016 evaluation method. Evaluating processes include characterization normalization and
sensitive analysis. The results show that the total environmental impact of the process with 1 ton of cement product is —0.0045 pt which is significant on
human impact and ecosystems with the value of —0.0027 pt and —0.0020 pt respectively. Compared to traditional cement production this new production
method has lower resources consumption and carbon emission. The positive environmental benefits brought by raw material acquisition from solid waste are
the most outstanding while clinker calcination and cement grinding show the highest environmental damage. It shows that this process is beneficial to the
environment as a whole as it can consume a large amount of industrial solid waste.

Keywords: life cycle assessment; industrial solid waste; cement; cleaner production
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1

Table 1 Life cycle inventory of cement manufacture from industrial solid waste

-921
=789
-104 -93.1
-249
-74.8
-102
-20.1
-28.5
-18.6
-10
-5
2.41 3.59 0.421 3.16 2.93 21.0 2.29 5.636 17.35
219
343 19.0
79.5
Co, 146
S0, 0.00299  0.00704
NO, 0.0113  0.220
0.0113 0.00559
0.715
tekmet™! kWhet™! kg't'l ; 150 km
2
Table 2 Life cycle inventory of traditional cement manufacture
1264 kgt 2013 E:;:E:;d Tngi::x;fw% { RoW} | market for limestone
227 kget™! 2013 Clay { RoW} | market for clay | Cut-off U
358 kgt 2013 I)r[([)n ;re beneficiated 65% Fe { GLO} | market for | Cut—
50 kget™! GB-175—2007 Gypsum mineral { GLO} | market for | Cut-off U
046 KWhet! 2010 Electricity medium voltage { CN} | market group for | Cut—
off U
169 get”! 2010 Z;w{] decarbonised at user { GLO} | market for | Cut—
St T e
130 kget™! 2013 Hard coal { CN} | market for | Cut-off U
8.25 kget™! 2010  Diesel { RoW} | market for | Cut-off U
CO, 597.48 kget™! 2010  Carbon dioxide ( Air unspecified)
S0, 0.28 kget™! 2010  Sulfur dioxide ( Air unspecified)
NO, 0.78 kgt 2010  Nitrogen oxides ( Air unspecified)
0.5969 kget™! 2010  Particulates ( Air unspecified)
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Table 3 Impact category and unit in characterization process

(GW-H) kg CO, eq.
(SOD) kg CFCA1 eq.
(IR) kBq Co-60 eq.
( FPMF) kg PM, 5 eq.
( OF-H) kg NO, eq.
(HCT) kg 1 4-DCB eq.
( N-HCT) kg 1 4-DCB eq.
(WCH) m’
(GW-T) kg CO, eq.
( OF-T) kg NO, eq.
(TA) kg SO, eq.
('TE) kg 1 4-DBC eq.
(WCT)
(LU) m?
(GWF) kg CO;eq.
( FEU) kg P eq.
( FE) kg 1 4-DBC eq.
(WCF) m?
( ME) kg 1 4-DBC eq.
( MEU) kg N eq.
( MRS) kg Cu eq.
( FRS) kg eq.

( Human health) .

( Ecosystems) (

Years DALY) .

(

).

pt

Simapro

ReCiPe2016

Resources) 3

( Disability Adjusted Life
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Fig.2  Characterization of life cycle assessment ( a.overview b.contribution rate from 0 to 20%)

3

Fig.3  Life cycle assessment result of manufacturing process ( a. overview b. result in the range from —0.00010 to 0.00020)

b. -=0.00010 ~0.00020 pt



5196 41
4
Table 4 Normalization result of life cycle assessment
/pt
-27x1073 -1.0x1072  2.0x107*  3.0x107™*  3.76x10™>  3.0x107*  3.0x107*  8.0x107° -3.9x1073  5.0x107*  1.6x107°
-2.0x1073  -2.7x107%  1.46x107°  2.17x107°  2.55x107®  1.91x107°  2.18x107>  5.0x10™*  -7.39x107> 3.41x107° 1.0x107*
20107 1.29x107°  1.74x107¢  2.59x107¢ 3.04x1077  2.28x107® 2.11x107®  1.0x107* 9.72x107®  4.07x107% 1.25x107°
60%
2013; 2015) .
3.1.3
5
3.2
4 (
) LCA
Fig.4 Sankey diagram of life cycle assessment result ( The green
flow indicating the beneficial impact and the red flow red
harmful impact)
5 (a. b. c. )

Fig.5 Sensitive analyzing result of industrial solid waste consumption ( a.Human health b.Ecosystem c.Resource)
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( 2 ~0.0027 pt  —0.0020 pt.
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70%
58%
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Fig.6 Environmental impact of cement from solid waste and

traditional cement
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