1-1

World
Commission on Environment and Development 1987
Sustainable Development
UNCED

2000
1990

76.6%

2000

83
33.5%
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1-2

84

2,852,887 m?

1-3

1960
(SETAC)

LCA

RC

RC 50,030,043 m?* SRC

1,158,733 m?

Life Cycle Assessment, LCA

RC

12

SRC

SRC

RC



( 11

goal definition and scoping inventory analysis
Impact assessment improvement
assessment
A
1-2

1.
2.

CO,
3 ( )

2

13



CSA, Life Cycle Assessment, Forintek, Building Material in the
Context of Sustainable Development

1-1
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1-2
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2-1

(1)
84
LCA
Life Cycle
Assessment Seminar and Technology Transfer Session for
Industrial Technology Research Institute
LCA
(2)
85
( )
( )
RC SRC
79 83
( ) CO*

83
184
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RC SRC

RC
83 RC
7.5x 10%kcal
5.01x 10°t
(3) ®
86
0
0
0
0
0

LCA

(4) Building Materials in the Context of Sustainable
Development Natural resources Canada, Forintek Canada
Corp. 1993

Forintek Canada Corp. 79
RC

[] (Environmental Design Model)

18



84 Phase Il Reports
Phase Il Reports
(unit emission factor)

(5) Sustianable Building Technical Manual, Public Technology
Inc., US Green building council, 1996

(USEPA) (USDOE) Public
Technology Inc.(PTl) US Green Building Council(USGBC)

(6) Steel Instead Of Wood In Residential Buildings SBI 1994

(7) Environmental Building News, “Cement and Concrete:
Environmental Considerations”, Vol.2 No.2 1996

EPA UBC Forintek

CO,

2-2
1)
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85

56.4
12.26 (21.7%)
RC (

() 85

AP-42 Source Classification Codes(SCC)
(emission factor)

3)
75

4) 83

20



(5)

(6)

78

21

85
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3-1

RC

3-1

3-1

RC

( 31



3-2

3-2.1

3-2.1.1

3-2

@
=

90%

NERIRONDRION R
Py
@)

N =
Py,
@)

1.RC

1.RC
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3-2.1.2

3-2 84%

€ € € € € €

3-2
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N O x

3-3

26



SP

NOyx SOy 3-3
3-2
| (| (%)
1.400 84.3
0.055 3.3
0.020 1.3
0.150 9.0
0.035 2.1
1.600 100.0

82

3-2.1.3

3-4

CO VOC NOyx SOy
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3-5
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3-5

3-2.14
[ (Central Batched and Mixed)
(Concrete Batching and Mixing
Plants)
1
[ (Transit Mixed)
(Concrete Batching Plant)
(Truck Mixer)
[ (Sharing Mixed)

3-6
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3-2.2

RC SRC

3-2.2.1

3-3

3-2.2.2
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3-4

3-4
RC
m? 4.2
2~3
3-3
O
O
O
3-2.2.3
3-4

50
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3-4

3-2.3

N I I B B

3-2.4
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OO0 .o

81~85
7,000 60
100
42 m
3-5 RC
3-5

RC

(30

)



4.8t

1043
16~44.6t

*1

*2

1.2t
70kg

20~40kg

30

10~16t

0.5~1.5t
22~27t

17.5~31kg

RC
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3-2.5

RC
85 521
3-3
resource depletion human health
ecological health, or environmental health
3-6
( ) CO;

3-7

36

50%

110



RC

energy

SRC
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SRC

embodied



RC

RC

RC

RC

CO,

CO,

10 um

PMio
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SOx

3-4

CO
BOD

CO,

NOx NOx

COD SS

1-1

3-8

39



3-8

CO;

CO;

Reuse /Recycle
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4-1

210 kg/cm? 350 kg/cm?

280 kg/cm?
83 280 kg/cm?
m° 8.5 (425kg) 1.26 m°
3-2
Forintek Canada Corp.
1.2t 0.18t
1.2t 33kg
RC SRC m?
4-1
D
4-1

t/m?) | (Ym?) | (M3 m? | (Y/m?) |(kg/m?)|(kg/m?)| (m*/m? | (t/m?) | (t/m?)
) )
RC 13| - - 0.67|0.163| 284.8| 405.1| 0.84/0.196

SRC 510.128| - 0.59|0.082| 250.8[ 359.4| 0.74/0.252

10|0.174/0.008| 0.25/0.047| 104.6] 156.6] 0.31|0.260|0.009

41



4-2

4-2.1
4-2.1.1
85 87
80 80
648,208,000 590,586,000
145 /| 44,704,000 |
80
41,633,536 m® 1m?
1.07 14.2
1.32 kWh/m?
4-2.1.2
84 2.0x 10" kcal
4.2% 84
4-2
2.13%
4-2
84 14

101.7~127.63 kWh/t

42



111.415 KWht 111.94~162.08 kgt
133.68 kgt

4-2
I
2.13%
26.78%
25.43%
5.19%
38.67%
1.04%
0.76%

100.00%

85

4-2.1.3

84 5.0x 10" kcal
10.3% 46%

Forintek Canada Corp.
18497 GJ
1485 GJ 1913 GJ

4-4

4-3
604.0
KWh 44.2 |

43



586.0 kWhit 44.2 It

605.00 kWh
44.2 |
85
82 t
617.4 kWh 52.45 |
4-2.1.4
m3
m® 3.4
4-3
73.69% 445 KWh
7.28% 44 KWh
3.8% 23 kWh
9.27% 56 kWh
5.96% 36 kWh
92.76% 41 |
7.24% 3.2
85
4-2.1.5
860 kcal



4-4

m® 15 0.0f 0.9 0. 0.0 9352 11434| 10107

111.4 0.0 0.0|133.7 0.0] 951373| 1110309|1009013
530.0 3.0 0.0] 0.0 0.0| 483400| 1239420| 757580
586.0) 44.2| 0.0 0.0 0.0| 910600| 1746502 1213750"
605.0( 44.2| 0.0f 0.0 0.0| 926940| 1789944|1239919
617.4| 525 0.0f 0.0 0.0{1013504| 1894196|1332898
339.6 7.6 20.7|641.6 0.23(4703601| 5589439(4910314

m® 34 0.0 0.0f 0.0 0.0 2924 7774 4683
4-2.2
84 84 564,163,000
kWh 48,518 x 10 kcal 52,681,000 | 46,359
x 10 kcal 127,890,000 | 117,659% 10 kcal
80
17.2% 84
96,036,036 kWh 9,061,132 | 21,997,080 |
84 55,262,803
m? m?
1.738 kWh 0.398 | 0.164 |
80 84 m?
4-5

45



4-5 m?

(kcal) (kcal)

‘ (kWh)‘ 0 ‘ 0 ‘ ‘ (kcal)

84 | 1.738 0.398 0.164 6599 9078 7498
83 | 1.681 0.360 | 0.155 6118 8516 6988
82 | 1.743 0.404 | 0.200 6976 9463 7878
81| 1.788 0.422 0.261 7714 10265 8639
80 | 1.538 0.409 | 0.359 8243 10437 9038
1.700 0.390( 0.210 6963 9395 7845

4-2.3
82
113,199 kcal/m? year
4-6 80~81
60
4-2.4
1m? RC 3.0 |

4-2.5

46



‘ (kcal/lm? year)

113199
10 141335 + 48895
10 309644 =+ 82478
19 432291 + 152451
16 298282 + 165484
4-2.6
83 4-7
1%
4-7

e e
22430096| 72245337 0.31 3902.2
1737635 975482 1.78 2238.9
26387047 3993616 6.61 8304.5
31755051 3793338 8.37 10521.6
58008128 5444628 10.65 13391.0
77429160( 11063781 7.00 8796.1
102434991| 66067400 1.55 1948.7
4-7 4-4
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m? 11434.2 9352| 10107 3902 15336.4 13253.8 14009.1
t 1239420.2| 483400 757580 2239 1241659.1| 485638.9( 759819.2
t 1746501.6)| 910600(1213750( 8305 1754806.2| 918904.5| 1222054.8
t 1789944.2| 926940(1239919( 10522 1800465.9| 937461.6| 1250441.0
t 1894196.3| 1013504|1332898| 13391 1907587.2| 1026895.0| 1346289.1
t 5589439 4703601(4910314| 13391| 5602829.8( 4716991.7| 4923704.7
t 1110308.6| 951373|1009013| 8796 1119104.8| 960169.3| 1017809.3
m? 10901.9 6052 7811| 1949 12850.7 8000.7 9759.6
4-3 CO,
IPCC Intergovernmental Panel for Climate Change
(CHy) (N2.0) (CFCs)
IPCC 1980 CO,
55% CH,4 N.O 15% 6%
IPCC CO,
CO,
1)
)
GJ, 10°
3
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(4)

oils tars

C
99%
(5) 44/12
4-4
CO, 4-9
(CaCO3;- CaO+CO0Oy) Oak Ridge National Laboratory
CO, 103
(Ca0)
0.786 kg CO,
259 kg CO, 4-3
CO,
CO,
4-10 m’ CO,
IPCC 4-11
m? CO,
4-12
4-9 4-10

CO, 4-13

49



4-9

CO,

CO,
(why |0 | O (k)| O || k9
m® 15 0.0l 0.9 0.0 0.0 10107 3.2
t 2.4 0.0l 0.0/ 29 0.0 21504 8.3
t 111.4 0.0 0.0{133.7 0.0 [1009013 490.5
t 530.0 3.0l 0.0/ 0.0 0.0 | 757580 262.5
t 586.0 44.2| 0.0 0.0 0.0 1213750 410.4
t 605.0{ 44.2| 0.0 0.0 0.0 [1239919 419.5
t 617.4| 525 0.0 0.0 0.0 1332898 449.7
t 399.6 7.6| 20.7/641.6/ 0.23 |4910314 1730.7
m® 3.4 0.0l 0.0/ 0.0 0.0 4683 1.6
4-10 CO,
CcO,
(kcal) (kg)
m3 22430096(42497257 0.53| 6633.4 2.0400
t 1737635| 975482 1.78| 2238.9 0.0007
t 26387047 3993616 6.61| 8304.5 0.0025
t 31755051 3793338 8.37| 10521.6 0.0032
t 58008128| 5444628 10.65| 13391.0 0.0041
t 77429160(11063781 7.00] 8796.1 0.0027
m?3 102434991(27528083 3.72| 4677.6 1.4400

50




4-11 m? co,

‘ ‘ (I)‘ (|)‘ () () CO,
(KWh) (kca)|  (kg)
84 1.738| 0.398(0.164 6599 9078 7498 2.44
83 1.681| 0.360|0.155 6118 8516 6988 2.28
82 1.743|  0.404|0.200 6976 9463 7878 2.56
81 1.788| 0.422|0.261 7714] 10265 8639 2.80
80 1.538] 0.409| 0.359 8243| 10437 9038 2.90
1.700| 0.390|0.210| 6963.3| 9395.3| 7845.3 2.55

4-12 m? CO,
(kcal/m® year) kg/m®  year
113199 26.1
141335 + 48895 25.2
309644 + 82478 55.2
432291 + 152451 107.5
298282 + 165484 65.9

51



4-13 CO,

3 10107 3.17 3902| 0.001] 14009.1 3.18
757580 262.52 2239 0.001| 759819.2| 262.52

3

1213750| 410.39 8305| 0.003| 1222054.8| 410.39
1239919| 419.48| 10522 0.003| 1250441.0f 419.49
1332898| 449.66| 13391 0.004| 1346289.1| 449.67
4910314 1731] 13391| 0.004| 4923704.7|1730.71
1009013| 490.20 8796| 0.003| 1017809.3| 490.20

**

~ |~ |~ |~ | ~ | —

m?3 7811 2.63| 1949| 0.001 9759.6 2.63
4-4
4-1
4-1
4-14
4-14
m2
(kg) (m°)
RC 0.163 0.670
0.225 0.246
SRC 0.210 0.590

4-5

52



4-6
4-6.1

4-6.1.1

SO, NO, CO

4-19

CH,4

53

85

4-15

4-2

4-18

AP-42



4-15

PART |PM;, | SOx | NOx |VOC| CO | lead
( 24.80(14.38| 0.35| 0.05| 0.17| 8.93 - kg/ton
6.45| 3.12| 0.12| 0.10{ 0.17 - - kg/ton
10.85| 1.63| 1.31| 0.15| 3.09|21.82 - kg/ton
5.82| 3.09| 3.93| 0.35| 3.88| 0.63 - kg/ton
& 117.85|71.57| 1.49| 0.01| 3.78|868.0| 0.07 kg/ton
() - - - -| 0.04 - - kg/ton
() - - - -| 0.28 - - kg/ton
() - - -| 0.05 0 - - kg/ton
( ) - - 0| 1.98| 0.05 - - kg/ton
( - 0 0 0/138.9 - - kg/ton
*x 131.85 - - - - - - g/ton
*xk 366.5 - - - - - - g/ton
XK 350.66 - - - - - - g/ton
XL 32.71 - - - - - - g/ton
32 - 0 0 - - - kg/ton
126.98 -| 5.06 1.39 - - - kg/ton
( 47.62 - 0 0 - - - kg/ton
4.56 - 0 0 - - - kg/ton
37.2 -l 0.11f 1.31 - - - kg/ton
- - - - - - - kg/ton
( 113.95 -| 0.14 05 - - - kg/ton
9.8 -| 0.08| 0.04 - - - kg/ton
2
0414 - | | 4 4 - kg/m’/
0.345 - - - - - - kg/ton
0.719 - - - - - - kg/m®
0.313 - - - - - - kg/ton
0.0024 - - - - - - ka/kg
0.21 - - - - - - kg/m®
0.483 - - - - - - kg/ton
0.0016 - - - - - - ka/kg
* 1 o AP-42
*k%k *kkk
*kkkk
X 1-




4-16

TSP | so, | NOx | co | cH, |
30 19.58* | 7 | 2.5 | 0.015| kg/Mt
16~80 9.6 |2240| 560 | 48 | kg/10°m?
LPG 0.01~0.05 | 0.10S** | 1.49 | 0.37 | 0.03 kg/kl
0.25 17S* | 2.4 | 0.6 | 0.006 | kg/ki
1.255*+0.38 | 19S* | 6.6 | 0.6 | 0.12 kg/kl
S*
S 3669/100m?*
4-17
TSP | so, | NOx | co | cH, |
7.5 15.5S* | 1.5 | 45 4 kg/Mt
16~80 9.6 |1600| 320 | 43 | kg/10°m?®
LPG 0.01~0.05 | 0.01S** | 1.05 | 0.22 | 0.03 kg/kl
0.24 17S* | 2.4 | 0.6 | 0.026 | kg/kl
1.255*+0.38 | 19S* | 6.6 | 0.6 | 0.057 | kg/ki
S*
S 3669/100m?*
4-18
TSP | SO, | NOx | Cco | CH, |
7.5 15.55* | 1.5 | 45 4 kg/Mt
16~80 9.6 |1600| 320 | 43 | kg/10°m?
LPG 0.01~0.05 |0.01S**| 1.05 | 0.22 | 0.03 kg/kl
S*
S 3669/100m?*
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4-19

4-6.1.2
RC
4-20
4-20
| particulate | |
0.355 kg/m?/month
RC >
1.824 kg/m
0.298 kg/m?/month
1.277 kg/m?
4-6.1.3

RC

56




m RC
kg
4-6.1.4
4-6.1.5
4-6
77
4-21
TSP
4-21

0.11

4-6.2

4-23

m?® 22430096(42497257 0.528| 0.0037( 0.0022| 0.0071| 0.000015
t 1737635| 975482 1.781| 0.0125| 0.0076| 0.0240( 0.000050
t 26387047 3993616 6.607| 0.0464| 0.0281( 0.0892| 0.000186
t 31755051 3793338 8.371| 0.0589( 0.0356| 0.1130| 0.000235
t 58008128| 5444628| 10.654| 0.0749| 0.0453( 0.1438| 0.000300
t 77429160(11063781 6.998| 0.0492| 0.0297( 0.0945| 0.000197
m® | 102434991|27528083 3.721| 0.0262( 0.0158| 0.0502| 0.000105
4-22



|particulate| SOx | NOx |

mS 0.59] 0.005| 0.008] 0.000] 0.000
t 288.47| 5.333] 1529 0.005 0.001
w3 t 36.48 1.627 0.308 0.023| 0.004
w3 t 36.64 3.335 2.668 0.051| 0.010
w3 t 36.66 3.384 2.699 0.051| 0.010
w3 t 36.70 3.734 2.789 0.057| 0.011
aE t 129.16 4.207 0.534 0.021| 0.004
m® 0.24 0.023 0.052 0.000[ 0.000
* *%

4-23
‘ | m | cop @ | cop )
t 1,300~4,400 1,730 382~3,397 890 94~392 147
t 70~318 120 21~454 66 7~29 13
m® 380~12,539 1,854 30~10,507 960 2~990 95

57~510 133 19~78 28| 1,105~6,094| 2,053 13~66 22
4~91 16 1-6 2 21~95 29| 0.40~16 5
- - - 456~1,283,602| 112,518| 4~7,524 766
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RC SRC

30,000,000m?®

22,982,000 t
27,973,394 t
82

68
1,279,000,000 t

520,000,000 t

59

RC

26,291,408 t

17%
RC

81



15

1,100,000 t

565

5-1.2

36.7%

4-20

RC

11.3%

SRC
RC

SRC
5-1

26,407,000 t 101

5,210,000 t
m2
63.3%
SRC m?
88.1%
m? RC
88.1%
61.3% SRC
RC
RC 28.8%

60

RC

36.7%

33.1%



RC |284.8 1.00(405.1 1.00/0.84 1.00/0.196 1.00
SRC | 250.8 0.|8R%4 0.(8.™4 0.(8.852 1.(29
1046 0.|3566| O0.(8.31 o0.[8.2760 1.|8.809
RC
non-renewable material
RC SRC
RC
5-2
5-2.1
84
84 3.0x 103 kcal 6.8x 10
kcal
75 89%
95% 99.8%
5-2.2
im?3 513,347kcal
440,676kcal RC
4-23 4-7

61



5-2

RC

SRC

5-2

.--ﬁ

RC 630,048 512156 445,072 1
566,863 0.90 429293 0.84 352,449 0.79
SRC 677,229 1.07 535813 1.05 455,344 1.02
5-2 RC
10% 21%
SRC
RC
RC SRC
5-3 CO,
5-3.1
1990
1990 CO, 2.6x 10'°t CO,
2.6x 10'%t 0.4%
5.3t CO, 5.0t
80 CO, 6%

62



CO,

1990
CO,
82
CO, 80
12% 23% CO, 22,268,000
5-3.2
CO,
1m? 280 kg/cm? CO, 216.15
kg CO,
4-23 4-12 RC SRC
m2
CO, 5-3
CO,
RC
75.2% SRC RC 1.5%
5-3 CO,

RC 512156 1 211.7 1
429293 0.84 159.3 0.752
SRC 535813 1.05 214.9 1.015

5-4
5-4.1

63



80

83 (TSP)
1,226,165
706,652
80
154,166
54% 6.7% 6.3%
9.2% 198,816
29.2%
17.6% 14.2% 4.0% 9.7%
9.1% 2.9%
80
1,564,253
184,702
5-4.2
280 kg/cm?
123.3 kg 4-23
4-20 m?
5-4
5-4
5-4



RC 88.61| 1.00 1.824| 1.000 0.1086{ 1.000
39.47| 0.445 1.277| 0.700
SRC 80.46| 0.908
RC 45%
70% RC SRC SRC
RC 90.8% RC
5-5
5-5.1
580
5-5.2
RC
38% SRC RC 29%
RC 63% SRC RC
12%
RC SRC
5-5

65



(kg)| RC (m®)| RC

RC 0.163 1.00 0.670 1.00
0.225 1.38 0.246 0.37
SRC 0.210 1.29 0.590 0.88
5-6
5-6.1
82 1,607
2,965

pile)

5-6.2

Forintek Canada Corp.
Environmental Building News
(open mining)
48,000 tons/mi’

(surface erosion)
16,835 t/km?

(tailing

Forintek Canada Corp. Phase Il



reports
Environmental Policy Research  Paehlke
(dimension) 5-6

14.5 13.0 29.5

5-6
(verbal characterization of the impacts of resource extraction)

(dimensions)

(significance)

Forintek Canada Corp. Sustainable Materials Project: Phase
Il Summary Report

S5-7
5-7.1

SO«
NOy CO CH, SO, NOy

67



85 pH 4.82

pH<5.0 48.15% SO, NOy
5-7.2
5-5
SO, NOy RC

64.6% 84.9% SRC 99.0% 107.9%
SRC RC CO CH,4

SRC RC

S5-7

m2

P
(kg) (kg)

RC | 2.082| 1.000] 0.912f 1.000{ 0.0098| 1.000| 0.0018| 1.000

1.344| 0.646f 0.774| 0.849| 0.0121] 1.229| 0.0023| 1.245
SRC| 2.062| 0.990| 0.984| 1.079| 0.0121] 1.233| 0.0023

5-7.3

4-21 4-23
5-8

68



5-8

RC 1709 885.5 88.68 2.61 0.33(102,531| 698.8
SS 661 343.1 35.88 4.66 0.67| 37,667| 257.6
SRC 1513 784.2 78.96 3.36 0.42| 90,690, 619.9

RC 1.000 1.000 1.000| 1.000 1.000{ 1.000| 1.000
0.387 0.388 0.405| 1.788 2.067| 0.367 0.369
SRC 0.885 0.886 0.890| 1.288 1.288| 0.885| 0.887
5-8 RC SRC
RC 38.7%
m? 8 kg
RC m?
0.91m° RC
COD SS
SRC RC
BOD BOD
SRC RC

69



CO,

SRC
5-8.1
5-9 40

10%
1%
5-10
5-9
kcall m?

RC 630048 *28186| 5653400 26400“

566863 N/A| 5653400 N/A

70



SRC | 677229 N/A] 5653400 N/A
N/A: *

5-10

kg/ m?
RC 88.61 1.824 0 0.1086
39.47 1.277 0 N/A
SRC 80.46 N/A 0 N/A
N/A:
5-8.2
RC
RC 3/8
RC SRC
SRC RC
SRC RC
SRC RC 7% RC
10%

RC 21% SRC RC 2%
CO, RC 26% SRC
RC

5-1
SRC RC SRC RC
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SS

SRC

9876543210

kg /

5-1

SRC

RC

SRC

RC
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SRC RC

SRC

5-2

SS

73

DUy

RC
kg/ m°




SO NOx 5-2

RC SRC
CO
CH,4 5-3 SRC RC
COD SS
RC SRC BOD
CH4
0. 0. 00|25
0. 60
0.
0.0
0. 0. (
0.0
0
kg/ m?
5-3 CO CH,4
5-9
RC
Natural Resources
Canada Forintek Canada Corp. Building Materials in
The context of Sustainable Development
ATHENA

1990 (RC

74



(Environmental Design Model)
(Phase ll1)
(unit emission
factor)
EBN USGBC ACI

SBI BRE IVAM IRIS
SBI
SBI
IVAM
IRIS
LCA IVAM 150
ATHENA 4,620m,
1.24 RC 2.12
1.67 RC 2.03
1.89 RC 2.19
2.27 RC 1.83
1.21 RC 2.18
RC
Forintek

15MPa 153 kg/cm?
442.28

75



kg 280 kglcm?
123.3 kg [11]
Forintek

LCA

76



6-1

6-1.1
(pozzolan)
15% 30%
6-1.1.1
6-1
30%
RC SRC
SRC RC
RC 176.6 kg
248.5kg 71.9kg

6-1

77



RC 199.33 279.06 31.12%
30% 73.19 102.46 34.58%
SRC 175.53 245,74 31.62%
6-1.1.2
6-2 30% RC
2,686 kcal
RC SRC

) (( )
(keal) | (keal) | K@D |(

6-3

RC | 534448| 363050| 425210 15.17%| 18.43%| 16.98%
30% 531762 322333| 397369 6.19% 8.54%| 7.44%
SRC| 593044| 383116| 459249| 12.43%| 15.86%| 14.29%
6-1.1.3 CO,
CO,
RC CO,
1.33 1.18 52.43 kg 25.9 kg
SRC RC
6-3 cO,
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RC 169.85 19.78%
30% 143.92 9.65%

SRC 178.00 17.16%

6-1.1.4
6-4
RC
RC
6-4
m2

30%

RC 63.96 27.82%
30% 30.42 22.93%
SRC 58.76 26.96%
6-1.1.5
6-5
SOy NO CO CH,4
NOy SOy RC 30%
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21.88% 14.33% RC NOy SOy

1.38
1.55 1.18
CO CH,4
5% 30%
4% 1%
80% 78%
6-5

SOy | NOy CO CH4

1.08

RC
RC

(kg)| (kg)| (k) (kg)
RC | 1.627| 0.781|0.00942/0.00177

SOy NOy
21.88%)| 14.33%| 4.12%| 3.85%

30% 1.177| 0.726|0.01192|0.00226

12.44%| 6.20%| 1.23%| 1.14%

SRC | 1.660| 0.869|0.01176|0.00221

19.46%| 11.69%| 2.94%| 2.73%

30%
RC
RC

6-1.2

(Pozzolanic Reaction)
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84 51.75 kWh
CO,
6-6

CO,

CO,

( ) | ( )
(kWh) (kcal) (kcal) (kcal) (ka)

51.75 44505.00 [118323.96| 71276.38 | 39.86846

35%
35%
35% 30%
5% CO;
6-1.2.1
6-7 35% RC
12% 26%

RC
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6%

19%

30% 5%
RC 98.7%
10%(33131 kcal)
596(19312 kcal) RC
6-1.2.2 CO,
CO, 6-8
35% RC CO,
116.8% 24kg  SRC
122.8% 32.5kg
30% 5% RC
CO, 115.4% 22kg
SRC 121.7% 31kg
6-1.3
m2
6-9
6-10
6-7
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(kcal) (kcal) (kcal)
(

RC 522951 361172| 417822| 17.00%| 18.85%| 18.42%
35% 527541 321644| 394657| 6.94%| 8.74% 8.07%"
SRC 582919 381462| 452743 13.93%| 16.23% 15.50%"
30% RC 519149 351064| 411733| 17.60%| 21.12% 19.61%"
+5% 526145 317933| 392421| 7.18%| 9.79% 8.59%"
SRC 579571 372561| 447382| 14.42%| 18.18% 16.50%"

6-8 CO,

m2

RC 166.85 21.20%

35% 142.82 10.34%

SRC 175.35 18.39%

RC 163.44 22.81%

30% +5% 141.57 11.13%
SRC 172.35 19.79%
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6-9

30%

CO,
( ) | ( ) ,
(10%cal) | (10%cal) | (10%cal) | (10°) (t)
RC 4,131,866| 3,545,058 3,757,872| 1,810(1,065,387| 19689| 5,647 17.5| 3.06
39,218 33,648 35,668 17 10,111 187 54( 0.2| 0.03
SRC 263,055 225,696| 239,245 115 67,807 1253 360 1.1| 0.19
4,434,139| 3,804,402(4,032,784| 1,942|1,143,306|21,129| 6,060 18.8 3.28
6-10
CO,
( ) | ( ) ,
(10%cal) | (10%cal) | (10%cal) | (10%)
RC | 4,628,807| 3,626,224 4,077,163| 1,940
43,934 34,418 38,698 18
35% SRC 294,693| 230,864 259,573 124
4,967,434 3,891,506| 4,375,434 2,082
RC | 4,793,124| 4,063,090 4,340,323| 2,087
—_— 45,494 38,565 41,196 20
. SRC 305,155 258,677 276,327 133
5,143,773| 4,360,332| 4,657,846| 2,240
6-9
4.4x 10"%kcal 0.68%
692,834 t CO,
1,942,000 t 0.09t
1,143,306 t
8 SOy NO, 21,129 t
6,060 t 5% 1% CO
CH,
6-10 35%
4.97x 10"kcal ( )




0.77% CcO, 2,082,000 t
0.1t 30%
5% 5.1x 10*%kcal
CO, 2,240,000 t
0.12t
6-2
RC
m? CO, ( 6-1)
RC 100 m?
CcO, 30.97kg 27.51kg
25.2kg 60%
kg/ m?
(] O O
O25. 20 Oo. 2|1
O25. 20 Oo. 08
0 5 15 20 25 30
6-1 CcO,

CO,

85
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m? CO,

6-3

RC

84

28,957,785 m® 274,852 m* SRC
31,076,236 m®

13 5

86

RC

RC
1,843,599 m?

17%



RC SRC
84

6-11 60%
62% 43
1%

6-11

‘ (1) ‘ (t) ‘ (m°) ‘ (t)

13,207,400 18,806,767| 39,156,057 10,458
4,962,215 7,433,145| 14,711,508| 444,250
/ -8,245,185| -11,373,623| -24,444,548| +433,792
/ -62% -60% -62%)| +4148%

6-12

3.2x 108 2.1x 10% 2.5x 108

2.7x 108 1.7x 10% 2.0x 108

/ -5.0x 10%? -4.7x 10*? -4.9x 10%?

/ -16% -22% -19%
6-12

10% 21%
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3.1x 10*? kcal

CO, 6-13
CO, 0.116t
CO,

6-13 CO,

‘ CO, (®)

10,000,491
7,560,661
/ -2,439,830

/ -24%

6-14
SOy NOy
8% 2% CO CH,

6-14

‘ SO, ‘ NO, ‘ CcO ‘CH4

(t) (t) (t) (t)
4,125,291  97,944| 43,337 476| 89

1,925,664 63,796| 36,750 573 108
/ -2,199,627| -34,148| -6,587 +97 +19
/ -53.3% -35% -15%| +20%| +22%

6-15
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6-15

7.9x 10*° 4.1x 10% 4.1x 103 130 16| 4.8x 10°3.2x 10%
3.1x 109 1.6x 10% 1.7x 103 220 32| 1.8x 10°%1.2x 10%
-4.8x -2.0%
1010] 25 10% -2.4x 10° 93 +16| -3.0x 10° 10°
-60% -60% -59%| +72%| +98% -62%| -62%
6-16
2.5
6-16
‘ (t) ‘ (m%)

7.95x 10%| 3.11x 10’

2.01x 10°| 1.17x 10’

/ +1.22x 10| -1.94x 10’

/ +153% -62%
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7-1

7-1.1
7-1 RC SRC
7-1
RC SRC
CO,
RC
SRC
RC SRC 92%
50 84
RC SRC
RC SRC
* 24,444,548 m® 11,373,623 t
433,792 t
* 5.0x 10*? kcal
* 2,439,830t CO, 0.116t
* 2,199,627 t
X 1.22x 10’ m® 1.94x

10t
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I N A

RC 630,048 ¥ 305|  26,400]  665.843
(kcal) 566,863 *9 305|  *26,400|  602.658] ©
SRC 677,229 ¥+ 395  *26,400| 713,024
RC 211.7 2.55 8.20 222.5
CO, 159.3 2.55 *8.20 170.0, ©
SRC 214.9 2.55 *8.20 225.6
RC 206.57 1.82 0.11 208.50

82.79 1.28 *0.11 84.18) ©
SRC 184.34 *1.82 *0.11 186.27
RC 0.84 - - -
(m) 0.31 - - - ©
SRC 0.74 - - -
RC 0.405 - - -
(t) 0.157 - - - ©)
SRC 0.359 - - -
RC 0.196 - - - ©)
(t) 0.260 - - -
SRC 0.252 - - -
RC 0.000 - - - ®©
(t) 0.009 - - -
SRC 0.000 - - - ©)
RC - - 0.163 0.163] ©
(t) - - 0.225 0.225
SRC - - 0.210 0.210
RC - - 0.670 0.670
m) - - 0.246 0.246| ©
SRC - - 0.590 0.590
RC
©)
SRC
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7-1.2

RC
Natural Resources Canada
Forintek Canada Corp. Building in the Context of
Sustainable Development ATHENA
ATHENA™
Environmental Design model
Phase Il 30

emission factor
EBN USGBC ACI

SBI BRE
IVAM IRIS IVAM IRIS
LCA
IVAM 150
Forintek Phasell Phase lll
Forintek
15MPa 153 kg/lcm?
442 .28
kg
2 Forintek
L 4
7-1.3

30%
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¢ 4.4x 10*%kcal

0.68%
* 1,942,000t CO, 0.09t
* 1,143,306 t 21,129t SO, 6,060t
NO,

* CcO CH,
35%
€ 4.97x 10%kcal 0.77%
42,082,000 CO, 0.1t
RC 84 92%
RC
7-1.4
100 40
40%

RC
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7-2

7-2.1

7-2.2

13

SRC

84

94

RC

17%



7-3

RC

SRC

95



LCA

RC SRC
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10.

11.

12.

13.

14.

15.

83 6
RC
84 10
[
85
80
82
80
82
80
82
84
12
83 11
84 5

97

85
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85
85
84

80
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68. Cement and Concrete: Environmental Considerations,
Environmental Building News, Vol.2 No.2, 1996

69. Concrete as a CO, Sink?, Environmental Building News, Vol.4
No.5, 1996

70. Life Cycle studies and ecolabelling of building materials
British Ceramic Transactions 1994

71.BRE Life Cycle Embodied Energy and CO, in Buildings 1996

72.Forintek Corp. The Sustainable Construction Materials
Project Phase Il Summary Report, 1993

73.Forintek Corp. The Sustainable Construction Materials
Project Phase Ill Summary Report, 1995

74.SBI LCA of Building Frames 1996

75.SBI Building for the Environment - Building in Steel 1996

76.SBI Steel instead of wood in residential buildings 1994

77.ASCE Source Evaluation of Solid Waste in Building
Construction 1994.9

78.Public Technology Inc. Sustainable Building Technical
Manual, , US Green building council, 1996
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SETAC LCA

A-1

(Life-Cycle Assessment LCA 1960

(SETAC
1979 2,500
1990
(methodology
(1SO ISO-14000
TC207/SC5 LCA
ISO/CD 14040 SETAC LCA LCA

(cradle to grave

(goal definition
and scoping (inventory analysis (impact

102



assessment

sl Sty

IRPARD

;3 0

A-1

-

Bl s
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A-2

A-2.1

A-2.2

(data requirements
(limitation

A-2.3

A-2-4

104

(system (boundary
(assumptions



A-3
(Life-Cycle Inventory, LCI

LCI
A-4
(Life Cycle Impact Assessment
(classification
(characterization (valuation
(resource depletion (human health

(ecological health, or environmental health
(embodied energy

A-1

A-5
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(1)
(2)
3)
(4)
(5)
(6)
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A-3
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A-3

1995.7
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%

(kcal/kwh) | (kcal/kwh)
1990, 100 9.58|51.96| 25.37| 25.38| 1.21| 38.46 2300.4 2644
1991| 100{ 5.93|56.06| 26.77| 26.42| 2.87| 38.01 2309.4 2644
1992| 100| 8.63|56.38| 32.17| 21.32| 2.89] 34.99 2292.3 2644
1993| 100| 6.42(60.75| 35.32| 23.18| 2.25] 32.83 2251.8 2658
1994| 100( 7.85|61.36| 35.44| 21.42| 4.50( 30.79 2142.9 2600
1995| 100{ 6.90|62.90| 33.20| 24.10| 4.60{ 28.80 2189.7 2621

2236 kcal/kwh
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Heating
Value
/ /
(Indigenous coal) | (kcal/kg) 6,200 (Jet Fuel) (kcallliter) 8,000
: 6,800 8,500
(Imported Coking Coal) (Kerosene)
6,400 _ _ 8,800
(Imported Steam Coal) (Diesel Oil)
7,000 _ 9,200
(Coke) (Fuel Oil)
/
(Coke Oven Gas) (kcallkg) >,000 (Lubricants) 9,600
/
(Patent Fuel) (kcal/kg) 3,800 (Asphalts) 10,000
713 8,300
(Blast Furnace Gas) (solvents)
/
(Crude Oil) (kcal/liter) 9,000 (Naphthas) 789
o 8,900 _ 5,600
(Liquid Oil) (Olefins)
/
(Refinery Gas) 9,000 (Aromatics) 8800
Y (kcal/kg)
/
(LP.G) (kcallliter)| 603 (Oths:ozigg)eum 9,000
/ /
(Propane Air, PA) 12,750 (LN.G) 9900
e ! (kcallkg) T (kcal/kg)
/
(Natural Gasoline) | (kcal/liter) 6,700 (Natural Gas) 8,900
( /
(Aviation Gasoline) 7,500 (Electricity) (kcal/kwh) 860
/
(Motor Gasoline) 7,800 ( (kcal/lkwh) 2,230

(Hydro & Nuclear)
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( /10

(kg/10® joule)
(Crude Qil) 20.0
(Natural Gasoline) (20.0)
(Gasoline) 18.9
(Kerosene) 19.5
(Jet Fuel) (20.0)
(Diesel Oil) 20.2
(Residual Fuel Oil) 21.1
(LPG) 17.2
(naphtha) (20.0)
(bitumen) (20.0)
(lubricant) (20.0)
(petroleum coke) (20.0)
(refinery feedstock) (20.0)
(coking coal) 25.8
(steam coal) 25.8
(lignite) 26.1
(sub-bitumen coal) 27.6
(peat) 28.9
(BKB & patent coal) (25.8)
(coke) (25.8)
(dry natural gas) 15.3
IPCC

IPCC
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carbon

sequestered
percentage
(naphtha) 80%
(lubricant) 50%
(bitumen) 100%
oils tars*
(coal oils and tars from coking coal)* 5%
(gas as feedstock) 33%
(LPG as feedstock) 80%
* 6%

IPCC
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D-1 RC

m? t m?
1 21 3 48550 8739 29130
2 20 3 33472 5757 21087
3 21 4 45320 7478 27645
4 21 3 44383 6170 27517
5 20 3 27585 3945 17654
6 21 4 20754 3487 15378
4 22 3 27992 5182 20144
8 19 3 30811 4596 20007
9 17 3 24515 4005 16620
10 23 4 43456 8032 34310
11 20 3 38122 6183 25933
12 19 3 30527 4404 21654
13 22 3 40291 6459 28727
0.163 0.671
20 3 35059.8 ( mz) ( mz)

1 2p 2 33448| 4479] 271] 1347 | 5352
2 2 L 3 42410] 5291| 335 1707 | 7633
3 2 p 3 32140] 3562 N/A 1600 | 4400
4 2 3 29500] 4246| 23§ 1150 |  5900|
5 2 4 44246] 5322 355 2199 | 7300
6 2b 5 48754 5816] 383 2326 | 8434
7 2 5 60419| 25345 N/A 2778 | 22590
8 2B 3 50389| 6629| N/A 1445 | 5806
9 3P 5 41653| 6363 N/A 2754 | 11676
10 3p 3 73515 12487] N/A 4026 | 33055

0.008 | 0.047 | 0.246

26 4 0.17c ( mz) ( mz) ( mz)
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D-3 SRC

34053 4084 21113 2386

20 5
26 4 30420 3398] 17948 2990
25 3 43854| 4924| 26751 2576
4
4

21 10422| 2272| 11070] 1729
22 38053] 4062] 21310 3473
0.113 | 0592 | 0.079
(mHl(m)| (md

moO|w| >
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LCA
LCI

TSP
PMio
BOD
COD
SS

D

Life Cycle Assessment
Life Cycle Inventory Analysis

Total Suspending Particle
10mm
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