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This study aims to develop an environmental impact assessment methodology for concrete. Firstly, we discussed the environmental burden 

factors of concrete, which should be considered and are able to be assessed, and their inventory methods, and proposed an integrated 

assessment method of environmental impacts for concrete. Then, 15 kinds of embodied energy and emission intensity data, and 9 types of 

environmental impact intensities (I1~I9) that consider different environmental burden factors were calculated for 36 kinds of raw materials of 

concrete, concrete mixing, and 5 types of transportation, by using Bottom-Up Method, and on basis of the modified version (LIME2) of 

LIME (Life-Cycle Impact Assessment Method Based on Endpoint Modeling), respectively. Finally, the environmental impact indexes (EII) of 

6 series of fly concrete were calculated by using 4 kinds of the environmental impact intensities (I1, I6, I8, I9). The calculating results show that 

(1) recycling does not always decrease the environmental impact of concrete, unless recycling method is suitable; (2) the EII using the I6 that 

integrates the environmental impacts of 15 kinds of burden factors, would rationally evaluate the environmental impact of concrete. However, 

the EII using the I6 that was obtained by subtracting the environmental burdens of recycled wastes’ disposal can clearly reflect the 

environmental benefits of recycling. 
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L 4.170 
E+01 3.090 2.248

E+01 5.233 3.140
E-01

6.150
E-01

8.330 
E-01 

1.125
E-05

3.825
E-04

5.250
E-05

2.025
E-04

8.700
E-01

2.880
E-04

1.360 
E-02 

MJ 1.067 7.100
E-02

2.500
E-02

9.300
E-02

1.000
E-03 0.000 6.842 

E-07 
8.808
E-06

2.995
E-04

4.110
E-05

1.817
E-07

3.401
E-02

3.849
E-06

5.252 
E-04 

kg 3.021 
E-01 2.640 5.440

E-01 1.220 2.025
E-04

1.705
E-01

1.060 
E-01 

9.722
E-04

6.090
E-03

8.312
E-04

1.550
E-01

1.300
E-03

1.625
E-03

2.057 
E-04 

kg 5.721 
E-01 

2.073
E-02

8.275
E-03

1.087
E-02

3.100
E-06

1.250
E-04

4.663 
E-04 

9.290
E-02

1.110
E-02

2.060
E-04 0.000 1.538

E-03
3.353
E-03

4.066 
E-04 

[ ] 
1) (1990 ) (1992 )17 (2004 )4

2) SOx NOx(2005 )19 (2002 )13) (2000 )17 (2013 )21)

3) (2013 )21) 21)

4) SOx NOx (2013 )21)

5) A SOx  NOx (2005 )19) (2013 )21) 21)

6) C CO2 SOx NOx (2005 )19 CH4 N2O (2013 )21)

21)

7) (2005 )19 (2013 )21) 21)

8) (2000 )20) (2004 )4) A 4

9) (2004 )4 4

─ 204 ─ ─ 205 ─



5 kg

I1 I2 I3 I4 I5 I6 I7 I8 I9

3.477E-03 3.578E-03 9.381E-03 1.101E-02 1.101E-02 1.175E-02 1.175E-02 1.175E-02 1.175E-02
1.507E-02 1.513E-02 3.861E-02 1.033E-01 1.079E-01 1.543E+00 1.543E+00 1.543E+00 1.543E+00
1.959E-02 1.965E-02 4.454E-02 1.093E-01 1.139E-01 1.549E+00 1.549E+00 1.549E+00 1.549E+00

/ 6.526E-03 6.595E-03 3.303E-02 3.313E-02 3.772E-02 1.426E+00 1.426E+00 1.426E+00 1.426E+00
/ 7.714E-03 7.795E-03 3.900E-02 3.911E-02 4.371E-02 1.432E+00 1.432E+00 1.432E+00 1.432E+00

- 1.835E-03 1.883E-03 1.246E-02 1.247E-02 2.798E-02 2.799E-02 2.799E-02 2.799E-02 2.799E-02
- 2.168E-03 2.225E-03 1.472E-02 1.473E-02 3.024E-02 3.025E-02 3.025E-02 3.025E-02 3.025E-02

(5000cm2/g ) 9.245E-02 9.257E-02 1.401E-01 1.432E-01 1.478E-01 1.537E+00 1.537E+00 1.537E+00 1.537E+00
 ( 8.295E-01 8.302E-01 1.087E+00 1.117E+00 1.117E+00 1.130E+00 1.130E+00 1.130E+00 1.130E+00

( 1.012E+00 1.012E+00 1.326E+00 1.362E+00 1.362E+00 1.378E+00 1.378E+00 1.378E+00 1.378E+00
3.435E-01 3.437E-01 4.623E-01 4.723E-01 4.782E-01 2.263E+00 2.263E+00 2.263E+00 2.263E+00

6

I1 I2 I3 I4 I5 I6 I7 I8 I9

1m3 1.326E+01 1.327E+01 1.738E+01 1.784E+01 1.785E+01 7.337E+01 7.338E+01 7.338E+01 1.949E+02
10t  (km t 4.022E-01 4.075E-01 1.720E+00 1.726E+00 1.726E+00 1.729E+00 1.946E+00 1.946E+00 1.946E+00
2t  (km t) 9.655E-01 9.760E-01 5.039E+00 5.052E+00 5.052E+00 5.058E+00 5.058E+00 5.058E+00 5.045E+00
4t  (km t) 6.360E-01 6.430E-01 3.320E+00 3.328E+00 3.328E+00 3.332E+00 3.332E+00 3.332E+00 3.332E+00
10t  (km t) 5.071E-01 5.126E-01 2.647E+00 2.654E+00 2.654E+00 2.657E+00 2.657E+00 2.657E+00 2.657E+00
20t  (km t) 2.951E-01 2.983E-01 1.540E+00 1.544E+00 1.544E+00 1.546E+00 1.546E+00 1.546E+00 1.542E+00

5 kg

I1 I2 I3 I4 I5 I6 I7 I8 I9

4.434E+00 4.439E+00 6.084E+00 6.087E+00 6.093E+00 7.850E+00 7.692E+00 6.557E+00 3.454E+00

3.585E+00 3.588E+00 4.907E+00 4.909E+00 4.914E+00 6.416E+00 6.253E+00 3.929E+00 -2.423E+00

2.599E+00 2.602E+00 3.596E+00 3.598E+00 3.602E+00 4.608E+00 4.439E+00 4.070E-01 -1.062E+01

 (JIS I ) 3.895E-01 3.898E-01 5.107E-01 5.243E-01 5.243E-01 5.305E-01 3.455E-01 -7.823E+00 -3.016E+01

 (JIS II ) 2.995E-01 2.998E-01 3.927E-01 4.032E-01 4.032E-01 4.079E-01 2.229E-01 -7.945E+00 -3.028E+01

 (JIS VI ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -1.850E-01 -8.351E+00 -3.069E+01

1.283E+01 1.284E+01 1.682E+01 1.727E+01 1.727E+01 1.748E+01 1.729E+01 6.232E+00 -1.321E+01

 (4000) 4.041E-01 4.044E-01 5.298E-01 5.440E-01 5.440E-01 5.503E-01 3.653E-01 -6.579E+00 -3.014E+01

 (6000) 5.511E-01 5.515E-01 7.224E-01 7.418E-01 7.418E-01 7.504E-01 5.654E-01 -6.380E+00 -2.994E+01

 (8000 7.347E-01 7.352E-01 9.631E-01 9.889E-01 9.889E-01 1.000E+00 8.155E-01 -6.132E+00 -2.969E+01

L ( ) 1.946E-02 1.949E-02 3.236E-02 3.300E-02 3.300E-02 3.329E-02 -1.980E-01 -1.041E+01 -3.833E+01

L ( ) 1.683E-02 1.702E-02 8.785E-02 8.808E-02 8.808E-02 8.819E-02 -9.681E-02 -8.263E+00 -3.060E+01

H  ( ) 6.310E-02 6.318E-02 9.799E-02 1.001E-01 1.001E-01 1.011E-01 -2.293E-01 -1.481E+01 -5.470E+01

H  ( 1.510E-01 1.511E-01 2.172E-01 2.192E-01 2.192E-01 2.201E-01 1.205E-01 -4.273E+00 -1.629E+01

H  ( ) 7.099E-02 7.097E-02 1.203E-01 1.212E-01 1.212E-01 1.219E-01 3.648E-02 -3.737E+00 -1.406E+01

 ( ) 9.577E+00 1.002E+01 9.070E+01 9.072E+01 9.072E+01 9.073E+01 9.050E+01 8.039E+01 5.274E+01

 ( ) 2.448E+00 2.457E+00 4.627E+00 4.707E+00 4.707E+00 4.743E+00 4.514E+00 -5.611E+00 -3.325E+01

 ( ) 3.381E-02 3.383E-02 4.432E-02 4.550E-02 4.550E-02 4.604E-02 4.604E-02 -1.006E+01 4.356E-02

 ( ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -1.850E-01 -7.378E+00 -3.069E+01

 ( ) 3.184E-02 3.186E-02 4.174E-02 4.286E-02 4.286E-02 4.336E-02 -1.416E-01 -7.335E+00 -3.064E+01

 2.769E-04 2.771E-04 3.630E-04 3.727E-04 3.727E-04 3.771E-04 -1.846E-01 -7.378E+00 -3.069E+01

 3.710E-02 3.713E-02 4.864E-02 4.994E-02 4.994E-02 5.052E-02 -1.345E-01 -7.328E+00 -3.064E+01

 2.769E-04 2.771E-04 3.630E-04 3.727E-04 3.727E-04 3.771E-04 -1.846E-01 -7.378E+00 -3.069E+01

 ( ) 3.381E-02 3.384E-02 4.433E-02 4.551E-02 4.551E-02 4.604E-02 -1.390E-01 -7.332E+00 -3.064E+01

 ( ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -1.850E-01 -7.378E+00 -3.069E+01

0.217 0.219 0.121

-16.289

0.151

-4.273

0.219 0.2200.151

-18.0

-16.0

-14.0

-12.0

-10.0

-8.0

-6.0

-4.0

-2.0

0.0

2.0

1 I2 I3 I4 I5 I6 I7 I8 I9

(
/k

g)

H )

4

-12.0

-9.0

-6.0

-3.0

0.0

3.0

6.0

9.0

1 I2 I3 I4 I5 I6 I7 I8 I9

(
/k

g)

5

0.015 0.015 0.039
0.103 0.108

1.543

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1 I2 I3 I4 I5 I6

/k
g)

6 JIS II FA

EII

FA

JIS I FA S-1

(S-0) EII-1 JIS I FA

JIS IV FA

FA

3.7 S-2 EII-1 S-0

CO2 EII-1

EII-6 EII-1

EII-6

EII-1 EII-6 FA

7

I1 I2 I3 I4 I5 I6 I7 I8 I9

CO2

CH4

N2O 
SOx 
NOx 
PM 

COD 
T-N 
T-P 

CO2

8

C-0 C-1 C-2 S-0 S-1 S-2 

JIS II JIS I JIS IV 

 (%) 30.9 43.5 60.5 54.2 51.4 54.2
 (%) 30.9 30.4 30.2 54.2 40.2 42.4

 (%) 0 30 50 0 10 10 
 175 165 159 195 185 195

567 379 263 360 360 360
FA 0 163 263 0 100 100

 745 745 745 - - - 
 - - - 1075 982 958

(2205) 806 806 806    
    737 748 737

(kg/m3)

 8.80 8.33 7.97 4.32 4.32 4.32
 (mm) 600~700 

 (cm)  10~14 
28 (N/mm2) 70.8 59.5 50.4 27.5 32.9 29.8

: 2.57 2.60 g/cm3

2.59 2.64 g/cm3 2.87 6.19
15mm 

─ 206 ─ ─ 207 ─



5 kg

I1 I2 I3 I4 I5 I6 I7 I8 I9

3.477E-03 3.578E-03 9.381E-03 1.101E-02 1.101E-02 1.175E-02 1.175E-02 1.175E-02 1.175E-02
1.507E-02 1.513E-02 3.861E-02 1.033E-01 1.079E-01 1.543E+00 1.543E+00 1.543E+00 1.543E+00
1.959E-02 1.965E-02 4.454E-02 1.093E-01 1.139E-01 1.549E+00 1.549E+00 1.549E+00 1.549E+00

/ 6.526E-03 6.595E-03 3.303E-02 3.313E-02 3.772E-02 1.426E+00 1.426E+00 1.426E+00 1.426E+00
/ 7.714E-03 7.795E-03 3.900E-02 3.911E-02 4.371E-02 1.432E+00 1.432E+00 1.432E+00 1.432E+00

- 1.835E-03 1.883E-03 1.246E-02 1.247E-02 2.798E-02 2.799E-02 2.799E-02 2.799E-02 2.799E-02
- 2.168E-03 2.225E-03 1.472E-02 1.473E-02 3.024E-02 3.025E-02 3.025E-02 3.025E-02 3.025E-02

(5000cm2/g ) 9.245E-02 9.257E-02 1.401E-01 1.432E-01 1.478E-01 1.537E+00 1.537E+00 1.537E+00 1.537E+00
 ( 8.295E-01 8.302E-01 1.087E+00 1.117E+00 1.117E+00 1.130E+00 1.130E+00 1.130E+00 1.130E+00

( 1.012E+00 1.012E+00 1.326E+00 1.362E+00 1.362E+00 1.378E+00 1.378E+00 1.378E+00 1.378E+00
3.435E-01 3.437E-01 4.623E-01 4.723E-01 4.782E-01 2.263E+00 2.263E+00 2.263E+00 2.263E+00

6

I1 I2 I3 I4 I5 I6 I7 I8 I9

1m3 1.326E+01 1.327E+01 1.738E+01 1.784E+01 1.785E+01 7.337E+01 7.338E+01 7.338E+01 1.949E+02
10t  (km t 4.022E-01 4.075E-01 1.720E+00 1.726E+00 1.726E+00 1.729E+00 1.946E+00 1.946E+00 1.946E+00
2t  (km t) 9.655E-01 9.760E-01 5.039E+00 5.052E+00 5.052E+00 5.058E+00 5.058E+00 5.058E+00 5.045E+00
4t  (km t) 6.360E-01 6.430E-01 3.320E+00 3.328E+00 3.328E+00 3.332E+00 3.332E+00 3.332E+00 3.332E+00
10t  (km t) 5.071E-01 5.126E-01 2.647E+00 2.654E+00 2.654E+00 2.657E+00 2.657E+00 2.657E+00 2.657E+00
20t  (km t) 2.951E-01 2.983E-01 1.540E+00 1.544E+00 1.544E+00 1.546E+00 1.546E+00 1.546E+00 1.542E+00

5 kg

I1 I2 I3 I4 I5 I6 I7 I8 I9

4.434E+00 4.439E+00 6.084E+00 6.087E+00 6.093E+00 7.850E+00 7.692E+00 6.557E+00 3.454E+00

3.585E+00 3.588E+00 4.907E+00 4.909E+00 4.914E+00 6.416E+00 6.253E+00 3.929E+00 -2.423E+00

2.599E+00 2.602E+00 3.596E+00 3.598E+00 3.602E+00 4.608E+00 4.439E+00 4.070E-01 -1.062E+01

 (JIS I ) 3.895E-01 3.898E-01 5.107E-01 5.243E-01 5.243E-01 5.305E-01 3.455E-01 -7.823E+00 -3.016E+01

 (JIS II ) 2.995E-01 2.998E-01 3.927E-01 4.032E-01 4.032E-01 4.079E-01 2.229E-01 -7.945E+00 -3.028E+01

 (JIS VI ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -1.850E-01 -8.351E+00 -3.069E+01

1.283E+01 1.284E+01 1.682E+01 1.727E+01 1.727E+01 1.748E+01 1.729E+01 6.232E+00 -1.321E+01

 (4000) 4.041E-01 4.044E-01 5.298E-01 5.440E-01 5.440E-01 5.503E-01 3.653E-01 -6.579E+00 -3.014E+01

 (6000) 5.511E-01 5.515E-01 7.224E-01 7.418E-01 7.418E-01 7.504E-01 5.654E-01 -6.380E+00 -2.994E+01

 (8000 7.347E-01 7.352E-01 9.631E-01 9.889E-01 9.889E-01 1.000E+00 8.155E-01 -6.132E+00 -2.969E+01

L ( ) 1.946E-02 1.949E-02 3.236E-02 3.300E-02 3.300E-02 3.329E-02 -1.980E-01 -1.041E+01 -3.833E+01

L ( ) 1.683E-02 1.702E-02 8.785E-02 8.808E-02 8.808E-02 8.819E-02 -9.681E-02 -8.263E+00 -3.060E+01

H  ( ) 6.310E-02 6.318E-02 9.799E-02 1.001E-01 1.001E-01 1.011E-01 -2.293E-01 -1.481E+01 -5.470E+01

H  ( 1.510E-01 1.511E-01 2.172E-01 2.192E-01 2.192E-01 2.201E-01 1.205E-01 -4.273E+00 -1.629E+01

H  ( ) 7.099E-02 7.097E-02 1.203E-01 1.212E-01 1.212E-01 1.219E-01 3.648E-02 -3.737E+00 -1.406E+01

 ( ) 9.577E+00 1.002E+01 9.070E+01 9.072E+01 9.072E+01 9.073E+01 9.050E+01 8.039E+01 5.274E+01

 ( ) 2.448E+00 2.457E+00 4.627E+00 4.707E+00 4.707E+00 4.743E+00 4.514E+00 -5.611E+00 -3.325E+01

 ( ) 3.381E-02 3.383E-02 4.432E-02 4.550E-02 4.550E-02 4.604E-02 4.604E-02 -1.006E+01 4.356E-02

 ( ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -1.850E-01 -7.378E+00 -3.069E+01

 ( ) 3.184E-02 3.186E-02 4.174E-02 4.286E-02 4.286E-02 4.336E-02 -1.416E-01 -7.335E+00 -3.064E+01

 2.769E-04 2.771E-04 3.630E-04 3.727E-04 3.727E-04 3.771E-04 -1.846E-01 -7.378E+00 -3.069E+01

 3.710E-02 3.713E-02 4.864E-02 4.994E-02 4.994E-02 5.052E-02 -1.345E-01 -7.328E+00 -3.064E+01

 2.769E-04 2.771E-04 3.630E-04 3.727E-04 3.727E-04 3.771E-04 -1.846E-01 -7.378E+00 -3.069E+01

 ( ) 3.381E-02 3.384E-02 4.433E-02 4.551E-02 4.551E-02 4.604E-02 -1.390E-01 -7.332E+00 -3.064E+01

 ( ) 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 0.000E+00 -1.850E-01 -7.378E+00 -3.069E+01

0.217 0.219 0.121
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0.4

0.6

0.8

1.0
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1 I2 I3 I4 I5 I6

/k
g)

6 JIS II FA

EII

FA

JIS I FA S-1

(S-0) EII-1 JIS I FA

JIS IV FA

FA

3.7 S-2 EII-1 S-0

CO2 EII-1

EII-6 EII-1

EII-6

EII-1 EII-6 FA

7

I1 I2 I3 I4 I5 I6 I7 I8 I9

CO2

CH4

N2O 
SOx 
NOx 
PM 

COD 
T-N 
T-P 

CO2

8

C-0 C-1 C-2 S-0 S-1 S-2 

JIS II JIS I JIS IV 

 (%) 30.9 43.5 60.5 54.2 51.4 54.2
 (%) 30.9 30.4 30.2 54.2 40.2 42.4

 (%) 0 30 50 0 10 10 
 175 165 159 195 185 195

567 379 263 360 360 360
FA 0 163 263 0 100 100

 745 745 745 - - - 
 - - - 1075 982 958

(2205) 806 806 806    
    737 748 737

(kg/m3)

 8.80 8.33 7.97 4.32 4.32 4.32
 (mm) 600~700 

 (cm)  10~14 
28 (N/mm2) 70.8 59.5 50.4 27.5 32.9 29.8

: 2.57 2.60 g/cm3

2.59 2.64 g/cm3 2.87 6.19
15mm 
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JIS II

JIS IV FA

EII-6 JIS I FA

EII-8 EII-9 EII-6

JIS II FA 30

50

C-1 C-2 EII-9

EII-9

I1 I9

5.

LIME2

36 5 14

9

(1) CO2

(2) I6

I9

(3) 

1) http://www2.ttcn.ne.jp/honkawa/5590.html ( 2015.3.10) 
2) http://www.jcassoc.or.jp/cement/1jpn/jg1.html ( 2015.3.10) 
3) 

, , Vol.40, No. 12, pp.10-16, 
2012.12 

4) 
, pp.719-918, 2004.3 

5) LIME2- , 
, pp.108-606, 2010.11 

6) , 
, Vol. 29, No.1, pp.765-770, 2007.7 

7) 
LIME

, , Vol.14, No.28, pp.393-398, 
2008.10 

8) , 
, pp13-30, 2002.7 

9) 23
( 23 ), pp.2-4, 2014.12 

10) http://www.concle.co.jp/cn20/kk01.html, 
( 2015.8.25) 

11
, , No.559/VII-2, pp.81-89, 1997.2 

12) , 
, Vol.33, No.117, pp.1-4, 2009.3 

13 ( ), pp.13-73, 2005.11 
14) DtT

, , A-1, pp.361-362, 
2003. 9 

15) 
, , Vol.48, No. , pp.74-77, 2010.9 

16) , p.5, 2012 
17 LCA

, , No.643/VII-14, pp.11-20, 2000.2 
18) , 

, No.142, pp.111-122, 2002 
19) LCA , Ver.4.04, 2005.12 
20

, pp.26-31, 2000.2 
21) JEMAI LCA Pro ver.2 , 2013.2 
22) 

, , Vol.23, No.2, pp.925-930, 2001.6 
23) , 

, Vol.22, No.2, pp.91-96, 2000.7 
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This study aims to develop an environmental impact assessment methodology for concrete. Firstly, in Chapter 2 we discussed the 

environmental burden factors of concrete, which should be considered and are able to be assessed, and their inventory methods. System 

boundary of LCI (see Fig.1) and an integrated assessment method (see Eq.(1) of environmental impacts were proposed for concrete.  

Then, in Chapter 3, 15 kinds of embodied energy and emission intensity data were calculated for 36 kinds of raw materials of 

concrete, concrete mixing, and 5 types of transportation methods, on basis of the energy and natural resources input (see Table 3) and 

the embodied energy and emission intensity data of various energy (see Table 4). 9 types of environmental impact intensities (I1~I9, see 

Table 7) that consider different environmental burden factors were further calculated (see Table 5 and Table 6) by using Bottom-Up 

Method, and the weighting factors (see Table 2) given by the modified version (LIME2) of LIME (Life-Cycle Impact Assessment 

Method Based on Endpoint Modeling), respectively. Also, 9 types of environmental impact intensities (I1~I9) are shown in Fig. 3~5 for 

crushed stone, recycled coarse aggregate and three kinds of cements (ordinary portland cement, fly ash cement, and blast-furnace slag 

cement). These figures show that in order to access exactly the environmental impacts of concrete’s raw material, land use change 

should be considered. And for exactly reflecting the environmental benefits of waste recycling, the environmental impacts of wastes 

recycled in concrete’s raw material when disposed into landfill should be counted as a negative value.

Finally, in Chapter 4, the environmental impact indexes (EII) of 6 series of fly concrete (see Table 8) were calculated by using 4 

kinds of the environmental impact intensities (I1, I6, I8, I9), as shown in Fig.6. Fig.6 shows that (1) recycling does not always decrease 

the environmental impact of concrete, unless recycling method is suitable; (2) the EII using the I6 that integrates the environmental 

impacts of 14 kinds of burden factors, would rationally evaluate the environmental impact of concrete. However, the EII using the I6

that was obtained by subtracting the environmental burdens of recycled wastes’ disposal can clearly reflect the environmental benefits 

of recycling. 
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