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Influence of Fly Ash on Life-Cycle Environmental Impact of Concrete
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Abstract

In order to quantitatively evaluate the effect of fly ash (FA) as partial replacement of cement on the life-cycle
environmental impact of concrete, a comprehensive database including 4023 laboratory mixes and 2120 plant mixes was
analyzed. The environmental loads on the life-cycle assessment were quantitatively converted into environmental
impact indicators through categorization, characterization, normalization and weighting process. The life-cycle
environmental impacts of concrete could be classified into three categories including global warming, photochemical
oxidant creation and abiotic resource depletion. Furthermore, these environmental impacts of concrete was decreased
with the increase of the replacement level of FA and governed by the unit content of ordinary portland cement (OPC).
As a result, simple equations to assess the environmental impact indicators could be formulated as a function of the

unit content of binder and the replacement level of FA.
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Figure 1. Process flow diagram of concrete in studied system.
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Table 1 Summary of LCl DB used for assessing environmental loads of concrete.

Inventory for environmental loads (kg/FU)

Item Functional . e

Unit (FU ¢, co SOX NOX NH3 A”tch;;c”e B””g';ous Natural gas  Crude ol

OPC kg 9.31E-01 890E-02 564E-04 1.03E-03 4.36E-07 7.44E-03 1.80E-01 7.99E-03  2.42E-02
Natural sand+ m? 2.34E-03 4.19E-06 9.49E-06 1.52E-05 3.83E-08 - - - -
Gravel* m® 323E-03 4.52E-06 1.49E-05 1.64E-05 5.15E-08 - - - -
FAxx kg 1.96E-02 - 6.20E-06  7.54E-06 - - - - -

8.1-15 ton truck ka/km 6.30E-05 8.13E-07 277E-08 8.63E-07 9.20E-12 1.18E-07 5.99E-08 9.26E-07 2.11E-05

23.1-25 ton truck kg/km 518E-05 5.32E-07 2.12E-08 5.69E-07 7.26E-12 9.29E-08 4.73E-08 7.31E-07 1.67E-05
Plant kg 7.68E-03 - 3.42E-06 6.51E-05 - - - - -
Mixer(2.5m®)s m® 6.10E-04 - 1.95E-07 2.40E-07 - - - - -
Transit-mixer trucks* m® 6.60E-01 2.13E-03 4.30E-08 7.87E-03 1.06E-08 - - - -

Note :
database is unavailable.

2.2 Mat™ ZEE(life-cycle inventory, LCI) &M
by F55AE Aol A8 AAEE o
o7 o7, Y8, AE, e 59 F(nput) 8ot
e HE 5 viE(output) 2428 FFE} S 7155}
of HEIBl= WY or RS Alklshs ZHYolot
webh] 2 I oA A AAEloA o] AR E
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A EQ] AATI] 28t Foll thek ZH2+e] LCI Hlolel=
o] Fasitt, Figure 19] 370l o8 LCI HoJefH]
o|~(DB)E Table 1] QoFs18it}, LCI HolH&= 712,
oAl 2 HHARRAC] Zpolof whet 7 Ueto]| whe} Ao
S, Ao A AlFEls dHRE ol8st= Aol M
vigralsich, 2 daby H7ke] 2|94 A deolng

LCl data given in Europea Commission (marked using * and JSCE (marked using *+) are referenced wherever Korean LCI

ZF Al 9 S4tof| gigt LCI glolgs= 7|EAog <y 3t
ZgHolA Algslk= diolE|[12]E o 8stsict. kAT 5
o] AXAA ol that LCI DBE= o}4] 11 47} $851A] ¢
7] giizo] & dAolxl= el W 2R Foll tisile -4
[17]0l|X] Alsdk= ARE olgslal, Zutojofa] & Hr]
£ ZHE T dieire EEERSS|M[13] Algdh=
AwE olg3toirt,

Table 10 YeRd LCI DBE o]&3hH, Zag|EQ] L
AR, AE225E AP E Z3E Rk 26k
A" Z3Aol| A 9] B sl Yang et all11]e] <Ja]
AXE CO, B7HEARE o838t gA| A 4= k. &
F2E A A== (r,)7F 24 MPa o] FA 213M8( 75
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Table 2 Typical environmental loads of concrete according to the different replacement ratios of FA (£x=24 MPa)

Unit weight (kg/FU)

Amount of environmental loads (kg/FU)

Re
(%) \Water OPC FA Sand Gravel /niractte  Bituminous — Nawral o 40 oy 5o,  co NOX ~ SOX  NH3
coal coal gas

0 168 319 0 826 951 2.43E+00 575E+01  260E+00 1.05E+01 3.61E+02 2.84E+01 893E-01 2.56E+00 4.73E-02
10 166 287 32 871 942  2.19E+00 518E+01  2.34E+00 9.73E+00 3.32E+02 2.56E+01 8.62E-01 2.37E-01 4.80E-02
15 170 272 48 819 945  2.08E+00 491E+01  2.22E+00 9.34E+00 3.19E+02 2.43E+01 847E-01 230E-01 4.85E-02
20 168 256 64 874 922 1.96E+00 462E+01  2.10E+00 9.00E+00 3.04E+02 228E+01 8.32E-01 221E-01 4.89E-02
25 179 239 80 870 882 1.84E+00 431E+01  196E+00 8.56E+00 2.89E+02 2.13E+01 8.16E-01 2.15E-01 4.91E-02
30 153 214 92 828 1093  1.65E+00 3.86E+01 1.76E+00 8.01E+00 247E+02 1.92E+01 7.45E-01 1.35E-01 4.75E-02
Note : For calculating each environmental load of concrete in studied system (Figure 1), the following transport system was assumed: all

of the cementitious materials are transported by a 23 ton capacity hydraulic truck, while aggregates are transported by a 15 ton
capacity dump truck; and the fresh concrete produced from the plant is transported to a building site by a 6 m3 capacity
transit-mixer truck. Water drawn from Han-river is assumed to be used for concrete mix.
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