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ABSTRACT

In case of cement industry, large amounts of waste by-products are effectively utilized as alternative
sources for fuel and raw materials. The objective of this study is to assess environmental effects on
cement manufacturing process in utilization of wastes compared to the alternative waste treatment
systems, such as landfill and/or incineration, etc. Both LCI and LCIA were conducted with a
perspective of gate to grave as well as scenario analysis in order to figure out more detailed
environmentally key issuses. The seven major manufacturing companies were chosen for portland
cement - Type I and conducted LCI. Generally, site-specific data was applied. If it's not impossible,
database was used. Impact assessment was carried out consecutively as classification, characterization,
normalization and weighting by Eco-indicator. The eco-indicators of cement system, scenario
A(bituminous coal), B(raw material), C(landfill/incineration/recycling) were 53.4288, 2.0307, 0.00077,
respectively. The key issues of cement system is a GWP by CO, released kiln. The scenario analysis is
performed in order to compare the reduction of environmental impact when recycled resources make
used of kiln and treatment system. The environmental burden of kiln system is lower than landfill
and/or incineration system.
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Table 1. Kiln Recycling Amounts of By-products
and Wastes
(Unit : Thousand ton/yr)

2005

2,265

1,867

1,107
210
363
187
398
255
91
52

2006

2,686

2,096

1,287
165
412
232
590
265
215
110

Growth

16%
11%
14%
-27%
12%
19%
33%
4%
58%
53%

Year

Total amounts
SUM
Coal ash
Slag
Sludges
Etc.

SUM
Waste tires
Waste resin
Waste oils

Alternative
raw

materials

Alternative
fuels
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Fig. 1. Cement manufacturing process and system boundary used in the study area.
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Table 2. Major Items of Life Cycle Inventories

Inventory Input/Output
Risi memwww 1,403.9 kg
Alternative
materials 3 155.6 kg
raw materials
Fuels Natural resources 102.7 kg
Alternative fules 184 kg
Electricity 113.8 kwh
Air Carbon dioxide 776.9 kg
emissions | NOx 12 kg
Product Portland cement- | 1,000 kg
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Fig. 2. Contribution of each energy source.
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Fig. 3. Variation of alternative energy source.

gAdse]  A$ee 20008 2.87x10°

GI(1.8%)°l A 1 AL&Fo] A& F7sted 2006
ol 2.1x10" GI(129%)2 < 7] °|%d S7}
sk 23y, A9 ALde A 12%9
4% FAsE AL ¢ F Atk 2000
da} 200639 FolUA AHE-FS A Wzt
gloy, Md8e AHEFE % 112 % B=
29 F ANY AL £¥ALAY AHgoz 3}
MARE dA & 5 UAW7] W&ol 2006
£829% derolole 7.95x10° GI(5%), ¥4
52 7.96x10° GI(5%), BAF/AYF 4.6x10°
GI29%)& AA Ao, 7+ 43 K&
o] Z71¢ AL FAFTAZA 20009 °F
0.1 %A 2006 5 % =22 F7H8HA

A2 O
TE=

332 ol4tslgta wjE 54
ANRE A9 sAsor & BAEA F I
Ut AFedsts fdste oldtstga wE
olt}. COe AMET} BEoA e EFAY A
Azt FHEA QA B A TR, 43
e AdE Zadx e I Tol Ad
2972 WsEn 53 AN, x3
(chalk) F¥ 718 Zgol BLS EFAA
CaCO:2 71dH0], 24 FAF A A4 3 (Ca0)
9 Co 8 AP AWNE A TAYHE

E



COE A4tste W 974 A4F 71E
ARE QYF 7|goz FEHEY 29A 4L
FE Bt F gl A5l ANE YAF 7
=< A 83tz Ao

AE Qo2 RES COo, HEFS Aitd
2387 E(ton) T ¥WEE CO, E2E EEH
t WEAsg 4 23A AAF FA
Simple methodZ 4& 4 ¢t}
CO,MEZ = FIA Y42, EFgynucosiewy (1)
W&EA s ANE AN ALEE Y43
dFI 99 A3 2 ulEE Co, Y9 Fo
2 42)% #Zo] Aatdd

44.01 g/ rte cr)
EF, = Fraction Ca O, x —— (2
FFH U EEAH) o1 @) 56'03{q.|’mir a0 )

IPCC(Intergovernmental Panel on Climate Change)
Zhel=gdele E9A9 AN3 §FS
64.6 %= F3ATE. COY/Ca0 9| EAF H|
&3 F3E 05071 tCOAEHAS A of
2ATE €S F Uk

Advanced method= A|HE ZE ¥Z(cement
kiln dust, CKD)S] AAo|A @AsE CO, M
%S 1A= WYH2Z Simple methodol] A
AR 29A ALF 71F wWlEFo] CKD o)
23 st Wt 4 3)% ALY o
CKDo| dj& FE7} g1S A IPCCAME 2
BA Ao o Co, MEFd 2 %E d3}
E5 AAHAT. F AME YA FHAA 3
FEA %3 57|18 CKD ¥l g 2RZASF
£ 1.02 o]t}

Co:“ﬂ Q‘?d‘|,|= (%?é # jg ':'J.'%mx EFIUH"(W'I'JH)]
+ (CKDpx EF ep)
EFgyn
1+ EFgqyy
__ EFgyn
1+ EF‘.gﬂ

3)

EFexp=

@

55

EFcpe AWE ZE £Zd did co, viE
Al (tCOYtCKD)o] ¥, d= CKDAAE, CKDp:
H718 AWME ZE BA HE) ol 3
A Atk g ARV REF A AWE
Ao tigd Co, wiEAFE AL AWE
AAFE o] &3t +& 4 glon, IPCC 7}o]
sEldgA e AHMES HF AN §FL
63.5 %2 7133l 0.4985 (tCO, /ton AlHlE)e]
A4S &Y. dEEe] dAdME
AEES A E9Jd 2420 FQldmz
CKDAAEE 100%, CKDpE 022 3ta] A4
3t Ut

AAZ 499 E AL ZAS S9A PAF
o2 Ade Aol M &Y 7EEES
EEWE AWMER AFIAR, 771 A9 H
Tl lHE H &3t ARG 3t Aol
7} A g

H E) (kghon-cement)
60,000 ’_ —— 1,000
5000 |1 [ | 950
40,000 | — | 7] ] 900

Al
30,000 [ 850
|
20,000 | { 800
| jr‘/_‘h-“-"“\\ (VVK\ |
| u sl b
10,000 | 750
u Ml L -mo
WM W M 5 6
z3C0, HE CIANRE 443 —4-CO, HEHY
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Table 3. Substitution Amounts of Fossil Fuel
against Alternative Fuel

i Alternative| Calory | Substitution
em
Energy (MJ/kg) Amount
Alternative Fuel 227 18.39 kg
Bituminous Coal 26.0 16.05 kg
] 41741

Anthracite Coal M 274 15.23 kg
Bunker C 0il 414 10.08 ¢

Electricity 3.6MJ/kWh|115.95 kWh
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Table 4. Weighting Results of Scenario A
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Table 7. Weighting Results of Scenario C

Cl Cc2 C3 C4
Scenario

Landfill | Incineration | Recycling| Sum
ARD |2.32E-05( 4.63E-05 |-1.45E-03 |-1.38E-03
AC [2.07E-06| 9.65E-06 |-1.84E-05|-6.71E-06
EP |[3.17E-05| 3.84E-06 |-1.07E-05| 2.49E-05
GW |2.28E-03| 1.40E-04 |-3.62E-04 | 2.06E-03
HT |1.59E-06| 2.85E-05 |-2.30E-06 | 2.78E-05
OD |1.00E-07| B8.59E-08 |-8.57E-07|-6.70E-07
POC |5.65E-05| 1.09E-05 |-1.48E-04|-8.05E-05
ET |8.56E-07| 1.46E-04 |-1.31E-05| 1.33E-04
Total | 0.00239 | 0.00039 -0.002 | 0.00077
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Table 6. Profit of Waste Utilization by Kiln

Dl D2 D3 D4
Scenario
(A1+B4)| (A2+B4) | (A3+B4) | (A4+B4)
Total -2.04 -5.58 -15.11 -55.46
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