Joogtdbbgtdbbootdboogdon
oot tdbotdod

DooO0ooooopmoooo?

0000000000000 00000O00UODO0O0OOOOOOS2s-85770 000 OOONOOL-1-10
Oo0@oooooooooi170-00130 00000000 2-23-20
‘C00000000000000000000000113-865400000000O7-3-10

gboboboboooooooboboboboooboooooooboboboboboobooooDo
gobobooooooooboobobobooobooooooboobobobobooooboobDobOoDbOoD
gbobooooooboobobobobooobooooobooboboboboboobooboobOobOobon
gbobooooooobobobobooobooooboobooboboboboooooboobOobOobob
gboboooooooboboboboooooooobooboboboobooooooobobOoDboOob
gobobooooooooboobobobooobooooooboobobobobooooboobDobOoDbOoD
gbobooooobobobobooooboooboobobobobooboboobooobobOobo

Key Words : waste and by-product, allocation of environmental loading, carbon dioxide emission,

cement industry

googoog

goooobooboobobooboooboogn
ooboobooboobobooobooboooo
gboooobooboobbooboobooboon
gobooboooboboboboobooboooboo
O000o0oYWooooooooooooooo
oo0oobooboomooogoooog
goobobobbooooooobooieesoonooo
ooobooboobooobooooboobooog
gboooobooboobboobooboooon
gobooboooobobobooboobooooboo
goboooooobooooobboogooobn
oobooobooboooboboobuoooboon
goboobooooboobooboobooobobo
goboooboooboobobooboobooooo
gbooboobooboobooboboobooobo
goooobooboooboboobooooooo
goboobooboooboobooo
gbooooboobooobobooooooboo
gboopbooboooboobooboobooobo
goboobooobobobooboobooooo

goooboobbbooooooooobooobooboo

gogoooobobbobobboobodoooooon

goboobooboboobooboobooboo
obooboboboobooboobobooobon
gobgoobooboobboooboobooobo
ooboobooboooboboobooboooo
000000000 0oooooo20000000
goobooboobooobobooobooboooo
goooobbbooooooooobooboboog
oboobooooboobobobuoboooobon
gobooboobooobboobooboooobo
ooooboobobobobooobooboooo
oooobooboboobgeononooooa
gobooobooboooboboooboobooooo
googog

gbooobooboobgn

gbooboobooboboobooboob
ggooooobboobbooooooooooon
gboooboobobooboobuooboboo
ggoobooooobooboooooboobobood
gooobooobooboboobooboobo
ggoooobobbobbbooooooooooon
gooobooboboobooboobobooboo
gogooboooooboobooooboobobooa



0-0 oboboooobooboboboboboon
gL=ioot00ooooonog

case |000 JOOO 00 |ooooo oooo
@ |oosno| ooow |oooooow

50 10 25 25

1 B 10 30 15 15

C 20 60 60 60

oo 80 - 100 100

50 10 125 125

2 B 10 30 75 75

C 20 -20 -100 -100

oo 80 - 100 100

50 10 100 100

3 B 10 30 60 60

C 15 -20 -60 -60

oo 75 - 100 100

0000000000000 0000000000
000000000000000000
0000000000000 000000000
n0000000000000000000000
00 LOunitfload]0 0 0000000000000
000000000000000000i=10n00
000000000000 0000O000O00OOn
000000000000@O0EO00O

Mi P
o] -
a M;" P)
(000000000 %0

MO OO OO O OO O unit[product]d
POOOOODOODOOOOO O /unitfproduct]O

= © 100 ®

r .
| =—_" L )
' 10
I0000000000000000

Looooobogo

obooboboooboobooboADoBOCOO
gobooboobboobooboooboon
gobOoDbi1oo0t-cOoco0bbDbbboOoooga
good-jfj0ddddoouoooooo

0000000000000 00O00 unitfproduct]C

goooboowoooo

casell D DD AOBOCOOOOOOOOOOO
gobooobooboobboooboobooobo
ggooobobbbobbboooooooooooo
gooooboooo

case20 D D D AOBOODODODDODODODOCOOOO
goobbooooobboooocooboobobooo
ggggooobbobbbooooooooooon
gobooboobbobboobooboooobo

oooooooo

oooooao F—
| oooo

ooooo

| 0ooooon |—>
<

oooo
oooo

0 0

F goooooo

oooo

0-0 oboboooooboboboboboobooo
gboboooooobooboboboo

Jdddocodoogooooooboopoooaoa
do0d0odoboooooooooooooooa
0oo0oDoooooooa

casedlcase2ll D DO OOOOOOODOOOOC
00000DoDooooOoOoODoOoOoOoAOBODOOO
0dod0bOdobodoodoooogoooDooon

0o000000DOoooOoooooooDnooo
doodobooooooooooboooooog
0000000Db00oDO0DoDo0o0oo0o0oDOooDon
00d00do0odooobOoooooooooon
0o0o00DO00oooooooDooooooo
odooooddgoooooooooboooooo
0000000 0oO00o00oDOooDbOooDOoonDOoon
gooooo

gbooboboooboobooboboobon
oboooboobobooobo

goboboooboooboobobboobooob
goooooooobobbobobbbbbo-boon
gboobooooboobobobobooobon
goobooobooboobboobooboooobo
go-o@mobobobbbbbbbbbbbobobobo
gboooboobobooboobooobooboo
oboobooboboobooboboooboon
gobooboobooobobooobooboobo
goboobooboooboboobooboooo
gooobooobobooboobooobooboo



0-0 0DoooboobobOoboboooobobOob0oboboboobOobDOobDobOobobobooggeond

oooooo goooooo 0o ooog oooo 0ooooooooooog
(CO000) | oooo 0 00 00 oo RE]
goo 10°t 198,224 7371 89,070 882 58,243
00 10°t 17,925 1,067 4,662 11,409
oooo goooooo 10°t 133,264 1,348 133,264
og 10% 268,105 1,033 101,303] 163,471
oooo 10t 410,000 1,436 218,698] 183,408
00 10%wh 757,593 19,559 9,083 559] 23,598 40 0
og JIS FA 10°%t 171 60,000 171
ogg 10%t 1,313 -5,000 891 161 256
0oooooo 10°t 1,415 3,000 987 428
oo 10t 110,339 45,982 42,000
oag ooooo |ooooo 10°t 15,401 3,000] 15,401 471 10,164
ooong 10t 10,635 1,200
0ooooo 10°t 5,888 500 754 5,134
ooooooo 0oooooo 10°t 1,479 632,006
00ooooo 10°t 111 -4,500 111
oooQo 0000 10°t 84,445 9,132 50,008| 34,437
0 000000 0ooooooo 103 171,671 11,535 171,671
ooo 10°t | 1,055,641 78,018
0o ooooooo |jooooog] 10 12,200 -1,500 12,200
ooog 10t 13,200 -3,300 13,200
oooo oooooooog 10t 10,980 931 10,980
0o 10°t 1,220 8,000
O0-0 O0O0000000000000000000i1e90n
ooooooo od EEEE 0o 0o ogd BRI 0 000000 oo oooo
000 ki 2,615 0 0 624 0 0 262,805 0
0Q K1 26,799 0 434,594 11,429 947 0] 1,204,042 0
00 ki 432,113 154,000 147,046 30 6,397 348,923| 2,643,696 7,060
AO O Kl 10,973 0 726,533 52,287 23,904 0] 1,076,733 0
BO O kl 0 0 14,580 278 0 0 0 0
cod Kl 25,448] 23,808,000| 1,663,588 156,545 289,188 0 371,164 0
0o ki 0] 21,860,000 0 0 0 0 0 0
0o0Q K1 0 151,000 0 0 0 0 0 0
NGL Kl 0 572,000 0 0 0 0 0 0
000000 (LPG) t 6,239 892,000 738,079 11,375 0 0 39,616 0
R t 0 0 339,012 0 769,420 0 0 0
oo@oooo) t 0] 27,238,000] 5,846,714 o] 8,679,828 0 1,977 0
000000 (ING) t 0] 27,624,000 477,279 0 0 0 0 0
R 103Nm3 0 552,000 0 0 0 0 0 0
EEEREEE t 1,366 0| 41,337,035 0 12,940 0 0 0
EEEE 103m3 0 0 231,910 7,172 0 0 475,609 0
00 103kwh | 1,636,766 870,000] 49,922,931 1,608,003] 9,083,265 559,206] 23,598,000 39,797

0000000000000000000YY00
ooooboobobooboon
goboooboobboobooboonbobon
goboooboobobooboboobooboooboo
goboobooboobooobooboooo
gooooboobooobbooboobooooo
gobooboobbobboobooboooobo
ooboooboobooobbooobooboooo
gobooboobooobbooobooboboon
gbooobooooboobooboooboobooobo
gobgooboobooobbooobgooboooobo
O0000o00o0ooo0ooooo®»oooooo
gooobooooobooboobooboonboo
oobooooobbooooobboooobon

gboo-0b00ogggoooooooooooon
JISFADOOODOOooOoOOooooooooboon
gooobooboobooooboo

gboobooboboobooboobobo

0000000000000000000000
00000000000 0000000000-0
00000000000000D000000000
00000000000000000000000
000000000D00000000000000
00000000000 ()0000@OO0000
00000000000000000000000
00000000000000000000000



-0 oboboobooboobobobobobobooo

0000000000000 00010%-cO oo oooo
(kg-c/t-cement)
gooopooooa oooo ooood oo j|joooojooo 0
0000 6,333.5] 17,298.7] 2,178.3] 0.6 6.8 6.1] 25,823.9 305.8
oooon 1,390.5] 17,298.7] 2,064.0] 0.6 1.0 6.1] 20,760.8 245.9
ooooog - - - - - - | 16,078.8 184.8

O0000o0o0oooooooo®ooooon
gboo-0000ogooooooouoooooo
gogoooo
goooobooboobbooobooboon
gogoboobooooooood
gobgooboobooobboooboobooobo
ggoooobbbobbbooooooooooobn
gboooobooboobboobooboboon
oJISFAOOOOO0ODODDODDODODOOoOoObObODbODbDDbOO
gooobooobooooboobooon
ggoooobbbobbbooooooooooon
goooobooobo
ggoooobbbobbbooooooooooon
gbooobooboobbooobooboooon
ggoogooboboobooodooooooon
goobooobooboobbooobooboooboo
gogoogoobbooboboobodooooooad
gboobooobooboobooboonobo
ggooooobboobboooooooooon
gooobbobbbooooooooobooboboo
ggogoobbbobobbooododoooooon

gobooboobooboopooobooboobon

ggooooobboobbooooooooooon
goooboobobobobooboobon
gogoobobobobbboooooooobooobo
gooobooboobgooobgooo
ggoooobobboobboobodooooogn
gboobooboobooboobooboo
ggooogoobboobbbobodoooooooobon
gbooobgoobooobgn

0000000 bOo0ob0bO0o0o0obbOoUonDi14%
gobooboobobobbooobooboooobo
ggoooobobbobbboodooooooooobon
gboobooobooboobbooobooboboon
0000023000001010%kwhd=10t0000

gbooobooboobobobooboobooobon

ooboobooboooboboobuoobobooo

gobooboobbobobooboobooooboo

ooo®¥ooooooooo
gboooobooboooobooboooboo

ooooboobobobobooobooboooboo
gboobgoboobooboobobooboon
0ooooooooooooooo@-A*oooo
gbobooobooboboooboboboooobo
190000 00000000YWO 00000000
god4000000000000o0bObb00o0go
gobooooobooobooboboooboobo
gobooboobooobbooobooboooboo
ooooboobooo
gboooobooboobboobooboon
ooooboobobOoO-00o0o0oooooooooboo
gboooboooboboobooboobooboo
oboobooooboobobobobooobon
gobooboobboobbooobooboooobo
oobooboobooobobooobuooboooo
oobooobobooobogogs3eednbgon
goooobobobbbooooooosooooono
gobooboobooobbooboobooooboo
ooooboobobobooboobuoobobooboo
gboobobooobooboboboboobon
oobooboooboooboon
goooobobobbbboooooooooboobooo
gobobooobooobooboboooboobo
goboooboobooobbooobooboooo
ooooboobobobooboobuoobobooo
gboobobooobooboboboboobon
oobooboooboboboobooboooboo
gbooobgoobobbooboobgooboooo
oboooboobobooobooboboooboon
goboboooboooboobobooboobo
goboooboobooobobooboobooooo
gboooboobobooboobooboboo
oboobooboobooobooboboooboon
gobooboobboobbooobooboooobo
oooboobooboooboboobuooboooo
gboobooboobooboobobobooboo
obooboooobooboboboboooboo
gobooboobooobboooboobooooboo
oooobooboboboobooobooboobobo
gboobooooboobooboboobon



-0 oooooboobobobooooobooboog
oboooooooboboobo

ooooo ooo
oooooo ooooo (10%t-c)
oooo goooo
oooo ooo 33.7 33.7
0o 2.9 2.9
00 892.4 895.4
oo JIS FA 16.8 51.7
ooo 87.6 -22.5
oooood 97.0 14.9
oo Joooo 4,948.0 411.2
Joooo 242.2 3.4
goooood goooooo 13.0 -0.1
0 6,333.5 1,390.5

ooboobooboobobooobooboooog
gbooobooboobbooboobooooo
gooooooboooo
goboobboooboobbooboonoobo
goboobooooboboboobooobooboo
goobooobooboobbooboobooobo
ooboobooboboboboobobooobooo
goooboooboobooboobooobo
gobooboooboboboobooboooboo
gboobooobooboobooo
goboooboobobobobooboobobon
gobooobooboobboooboobooobo
ooboobooboobobooobuooboooog
gboooobooboobboobooboooo
gooooooopobooo-bbobobbbboooo
ggooobobobbbboooooooooboboobbo
ooboobooboooboboobooboooo
gooboobooboobbooobooboboon
ooooboboooboobooboooobooobo
goooobbobbbooooooooboobobo
ooboobooboobobooobooboooo
gboooobooboobbooboobooboon
gobooboooboboboboobooboooboo
gobooobooboobboooboobooobo
ooboobooboboboboobobooobooo
O00000000000000000 35,449(10%-c)
00o00o0oobooooobooooo7wboon
0000000000 45,155(10%-c)0 0 0 0O 99%0
gooo
gooooboobooobobooboobooon
goboobooboobobooobooboooo
goboooboobooobbooboobooboon
gbobooboooooboobooboobooobobo
gboooboooboobobooboooboobo

ooboooooo
oood

291
oo !

. 123 .
pooo ‘ ' w0000

'o00000 ¢
i93 !
goooooo

oooo 234

0 100 200 300

000o00oo0o0O0000000000000kg-c/td

0-0 obobobooooboboboboboooog
gbobobobooooooooboon

gooobooboooobooboobo

gogooobbobooooooooooboobobobooo
oboobooboboobooboboooboon
goboobooboooonooobnLwbooDooo
0003%0000¥1000000000JSFAD
gobooboooooooooobbooooobn
ooooboobobooobooboboooboon
goboboooboooboobobooboobo
goobooboobooobobooboobooooo
gobooboooooboooobbooooobo
gooobo0obobobobooobuoobooboo

gooboobooboobbooboobooon
oomboooooooooobobobobooogoo
5000000000000 0noogn

JooboO0obO0000DDO80%dJIS FA 20%0 O

00000000000000000000000
00000000000000000000000
0D00000mMO00000000000000
0000000000000000000000
0000000wWO0000000000000
00000-00000000000000000
00000000000000000000000
0000000000000000000tO00
75(kg-c)(34.6%)0 00 0000000000000
23(kg-c)(10.9%)0 00 0000000000000
00000000000000000000000
00000000000000000000000
93(kg-c)(43.0%)0 00 0000000000000
017(kg-c)(8.0% 00 0000000000000
O00000000O00JSFADOOOOOOOO
00000000000000000000000
00000000000000000000000



ggogobbbobbboooooooobooobo
goboobooboboobboooboobooobo
gogoooobbbobbboodooooooooobo
gboooboobooboobd

gooo

goooobooboobobooboooboogn
ooboobooboobobooobooboooo
gboooobooboobbooboobooboon
gobooboooboboboboobooboooboo
gooopobobbbboooooooooboooboo
ooboobooboboboboobobooobooo
gbooboooboobooboobooobo
gobooboobobobboobooboooboo
goobooboobooboooboobooobo
ooboobooboooboboobooboboob
gobooboobboboboobooboooboo
gobooboobooobobooboobooooo
goobooboobboobooboooboon
oooobooboobo
gbooboooobooboobbooboon
gooooboobooobbooboobobooo
goboooogooobooooobbooooobon
goboobooboooboboobooboooo
gboboooboobooobbooobooboboon
oboooooooboobooboooboobo
goboobooboobbooobooboooobo
ooboobooboobobooobooboooo
gobooboboboobooboobooboo
oobooboobooobobooboobooon
goobooboobooboooboobooobo
goboooboobooobobooboobobooo
gobooboobbobbooboobooobo
oobooboobooobobooboobooooo
gobooobooboboobooboooboon
gooobobooobo0obooboooboboobo
goboooooobooooobbooooon
ooboobooboobobooobooboooo
gboooobooboobbooboobooboon
gobooboooboboboboobooboooboo
gobooobooboobbooobooboooobo
ooooboobobboboooboobooboo
goboooboobbobobooboonbobon
gobooboobobobobooboobooooo
gboboooboobooboooboobooobo
gooooboobooobobooboobobooo
gobooboobbobbooboobooobo

ggbooboooggobobuoooobobobood
g

googobooboobgoobilcoboobooo

O0o00obo0ooboboboOo#20 000000000
gboooboobobboobooboobonoo

obooobooboboooboobobooobnon

goooobobbbboboooooooooboobobobo
goboooboobooobobooboobooooo

gbooboobobooboobgooobooboo

obooobon

goon

moobobooosbogoboboboooooboboood
00000000 pp.96-1040 1996.

2000 0000000000 oobboboooooooo
gobdoobboooobbooobuooobboo
0000 00 No.250 pp.255-2590 1997.

300000 bU0o020b0000000 pp.48-490 pp.78-
790 1990.

A000000000200000000 pp.14-150
pp.116-1170 1990.

500 0000000000000 D00D00ODNO No.340
pp.13-170 1996.

6000000002000 000 00 pp.86-8901 1990.

70000000 0bO0obOyv0b00obO0obOobOOoOnness

s bi0odb200bbU000nDbddpp.28-820
pp.102-1030 1990.

olddoooooo2bbo0o0o0o0o00oooooao
pp.10-130 pp.54-550 1990.

o000 ooooUoUoog
Ooo0boo0ob0oOooboOoOnpp.117-1280 1994.

nooooodd0odgooooobbbboooooo
00000000000 pp.33-29100 199%4.

1200000000000000G6RCOOOO0OOOO
gooboobooooobiloobooboonboo
0000000000000 0D000 pp.261-2660
1994.

BOOODODO0OLOO0OO0DDLOOO0ObOO0O0ODDO105p0 1992,

U4oooooooeeotooooooonoon1990.

0o booboooboobboooboouooo
00000000 D00O0D0 270 No.340 pp.10610 10650
1992.

01998.9.140 00O



EVALUATION OF ENVIRONMENTAL LOADING RELATED TO
THE CEMENT INDUSTRY CONSIDERING THE ECONOMIC
VALUE OF WASTE AND BY-PRODUCT

Koji AMANO, Masataka ITO and Yukio YANAGISAWA

The mass and economic balance of wastes and by-products produced by the industrial cluster centered on cement
and concrete products was investigated. In an industrial process that produces various outputs and associated wastes
and by-products, the carbon dioxide emissions, for example, can be allocated in two ways. One is a routine
allocation determined by the amount of each output, and the other is a modified allocation that uses the economic
value of each output, including that of the wastes and by-products. These two methods are compared. The results of
the proposed new method using economic values are satisfactory, although there are some imperfections of a routine
life cycle inventory including the usual "Process Analysis" and "Input-Output Analysis”. Use of this new allocation
method based on economic values might also provide impetus for more effective use of wastes and by-products in
various industrial processes.



