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Abstract

This study has been carried out to evaluate environmental values of a coal ash
recycling technology and suggest directions for improving environmental performance of
the recycling technology. As the results of comparing the global warming environmental
impacts of 3 types of geopolymers produced by fly ash, middle ash, and bottom ash
with the impact of portland cement, Fly ash geopolymer showed 19%, Middle ash
geopolymer 51%, Bottom ash geopolymer showed 133% of the impact of portland cement.
The impact of Bottom ash geopolymer can be improved by reducing water use and
wastewater recycling. In the case of Fly ash geopolymer and Middle ash geopolymer,
energy efficiency and sodium silicate input have been found as material factors. The
limitation of this study is not to consider the value of new recycling material, additional
burden of coal ash dumping, and low efficiency of small amount production of a
development stage. It can be inferred that the actual environmental impact of

geopolymers would be lower.
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<Table

2> Fly ash A ZE2|09]

HA
P AFA H ook ey = g
1] o] A ) oF5 ) =1}7
=4 AHdAR S kely 2L | Al | eES T ALSH2 AL
ke kgSO» , kgCFC11
(=g Antimony eq kgPOs eq | kgCO; eq eq kgCyHs eq
eq
R 7|ArE 2.19E-05 4.16E-05 | 1.82E-08 1.26E-02 3.49E-13 8.98E-08
g7 &= 0.00E+00 0.00E+00 | 0.00E+00 0.00E+00 0.00E+00 0.00E+00
7t AThEQ] 1.88E-04 8.84E-05 8.19E-08 2.31E-02 3.56E-09 1.07E-05
TAHEES | 177803 | 3.03E-04 | 6.14E-07 | 1.46E-01 | 2.05B-08 | 6.85E-05
1=
st A 1.98E-03 4.33E-04 | 7.14E-07 1.82E-01 2.41E-08 7.93E-05
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[Fig. 2] Fly ash A|2Z2|Ho] 528 &4 Y
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(2) Middle ashS Y2242 A x|l eZa|jo] E4st Aut

Middle ash x| Z2]t] lkg A4tS A3t Ao FQ3F SPIFoR UEH S d8F
AR BEQEls FAUEEL oUAI2 AMEE H712 et A EES K}ii£(1.77E—03kg
Antimony)?} ©ZZm}1](2.05E-08kg CFC11), aslstAAtsl2484 (6.85E-05kg CoHi)ollA] =
= UEUAS. A7) AR AHdeN1.04E-03kg)et A|+2H42H3.15E-01kg COy), K}éii
(5.46E-04kg Antimony) oA =2 IS LEHJCH =40 9t P32 th3 <Table 3>1t
[Fig. 3ol YERHAT.
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<Table 4> Middle ash X2 Z2|Hjo] EA3} Au}t

: : _ _ -1 ey
27 AUAR | agst | pqYs | APeus| ezsma | Sl
kgAntimon 9- kgPO4*" kgCFCl11

C}o

CH] v eq kgSO* eq eq kgCO; eq eq kgCyHa eq

R 7| ALE 5.46E-04 | 1.04E-03 | 4.55B-07 | 3.15E-01 | 8.71E-12 | 2.25E-06

gae0 1 35E-07 | 2.54E-07 @ 8.15B-10 | 7.67E-05 | 2.12E-15 | 5.59E-10

JldACtEQl | 188E-04 | 8.84E-05 | 8.19E-08 | 2.31E-02 | 3.56E-09 | 1.07E-05

TAHEET | 77503 | 3.03E-04 | 6.14E-07 | 1.46E-01 | 2.058-08 | 6.85E-05
=]

| 2.50E-03 | 1.43E-03 | 1.15B-06 | 4.85E-01 | 2.41E-08 | 8.15E-05
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(3) Bottom ashZ YR =4 g AASH x| e Z2|ujo] EA5t Aut
Bottom ash A]|QZ2|0] lkg AJAHS st

2 PP et 2L W4
FAGES, M7= Uedch maAele) og 9 RYYsh(1.591E-03kg PO,), @E5THY
(9.821E-08,k gCFC11) &alerital=(3.636E-04kg CoHa) 59 A FFHFONA & G0l U
EPdtt AU EES AMYAR(3.195E-03kg Antimony)?} @ &=mt1](3.710E-08kg CFC11), st
shAstetE 87 (1.237E-04kg  CoHa)olAl, A7) AME2  AMJSK1.547E-03kg)et  Al4L-2da}
(4.695E-01kg COy), At¥ AR (8.136E-04kg Antimony) oA £Q5HAH UERGCEH
<Table 5> Bottom ash X2 Zz|Ho] EX35} Ay} 3k
pS| S AFAL Y ojoF Q. %}i}@"
= e} =) ) ) T )
=4 AtdA g kel y 2Lt | AA2He | &S50 ALSHE AL
kgAntimo 2 kgPO,” kgCFC11
C}o
CH] ny eq kgSO*" eq eq kgCO; eq eq kgCyHa eq
A 7] AF 8.14E-04 | 1.55E-03 | 6.78E-07 | 4.70E-01 1.30E-11 3.34E-06
BLisl= 3.39E-07 6.38E-07 2.05E-09 1.93E-04 5.32E-15 1.40E-09
719 AT 1.88E-04 | 8.84E-05 | 8.19E-08 | 2.31E-02 3.56E-09 1.07E-05
AN E & 3.20E-03 5.47E-04 1.11E-06 2.64E-01 3.71E-08 1.24E-04
Lo & 1.14E-04 | 2.34E-05 | 4.23E-08 1.39E-03 1.12E-10 2.56E-06
his| EaVS| 3.58E-03 1.55E-03 1.59E-03 5.01E-01 9.82E-08 3.64E-04
SHA| 7.90E-03 | 3.76E-03 | 1.59E-03 1.26E+00 1.39E-07 5.04E-04
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=2 O o HA
EZEWHE AHES] AP FEr7E P2 DTSR R (F AAGAR) oA 7iEdet ZEHE AHME
150 st LCI dlo]EH|o] A(2002)5 A -&otdth
3.2 iy JIW7t S @
APy FFWtY S B DANNBANS(@AR)Y WHEe Agste] Tastgon
Sz H EAS Aut S <Table 5504 YERAQICE
<Table 6> TEHE AHES EX3} ZF
FFHZE (Unit) ZISWE AHE Y4
AFE AR (kg Antimony eq/kg) 1.95E-03
A3 (kg SOz eq/kg) 5.65E-04
Boorst (kg PO, eq/kg) 6.47E-07
Al2dst (kg COzeq/ke) 9.48E-01
QR z==1ty] (kg CFClleg/kg) 1.70E-08
getetital=287d (kg CoHaeq/ke) 2.48E-03
3.3 4T v
(1) AlQZajviet mEAME AgEC] Mapy AaFH7} v
AE2A0 g e AleE2uet EWE A|HECS] 5743t 3t v]iws <Table 6>0 UEY]
ATt
<Table 7> 9227e] Ao nte xle&oje} ZEMU= AWES S4s A}
Fly ash Middle ash Bottom ash
7 e
AR A EZ2H AlRY Al Z2H A1 7R AR Z2H
AT 1.95E-03 1.98E-03 1.95E-03 | 2.50E-03 1.95E-03 | 7.90E-03
A5 5.65E-04 | 4.33E-04 | 5.66E-04 | 1.43E-03 | 5.66E-04 | 3.76E-03
B g oFst 6.47E-07 | 7.14E-07 | 6.47E-07 1.15E-06 | 6.47E-07 1.59E-03
A| L3} 9.49E-01 1.82E-01 9.49E-01 | 4.85E-01 | 9.49E-01 1.26E+00
QF =}y 1.70E-08 | 2.41E-08 1.70E-08 | 2.41E-08 1.70E-08 1.39E-07
WSESHALSHEARA | 2.48E-03 | 7.93E-05 | 2.48E-03 | 8.15E-05 | 2.48E-03 | 5.04E-04
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Fly ash x| QZejojo] 274iere mEA= A|WEe} slad Zu, xpedst 19% A4st
77%, WEHELAEEAA 3% AleZeusl EEME AWEc] wls| WA Uerdol, Aldiw
102%, 2 HU3t 110%, @& mty] 142% Ut .

Middle ash x| QZejojo] B3Qiere xlLeust 51%, BB 3% A0 Ee0j7t
mEWE AWES] Hls) WA Uehtou, Aam 128%, LAUst 178%, ©ES uty] 142%,
Adst 253%2 7 LR

tu
i
X

Bottom ash A]QZ2|HO| &IFe] 4%, Fetehitetardyd 20% ¢ t& s 2ZF
=7 UJEPFTHAMR AR 405%, A4St 665%, T%‘O g} 245,750%, A|4-2ds} 133%, Q&S oy

818%).

ARl J3E AEFH Af2det SP9dTe ZEWE AHEC vlwgh Ay, Fly ash
AQEZ22H= ZEHE AHIES 19%, Middle ash A QZ2]HE= 51%, Bottom ash A EZ2HE=
133% 2 UEYTE o]= Fly ash X|eZ2jtj= [E AAF A] 767kgQ] o|ArsterA7F, Middle ash
AleEe|te 1E A4F Al 464kgo] ojitetdtart & diEd Zloz U o] vlue A4t
gl tiet vlwolr] HiEo] MEES SOl Mz AX7F WEoAtE ZHAl, MR Ui Al

g7d Hokg ZF ARISHAl ZRsidithe A, 29l Ak ©@A Y
, AR AJEU O] A|qtdetof] theh #EA THAlE HG

DEEE: P4
Roz #2324 Ut

Nef e AleEeue] FURY BPYYS VSIUH Fly ash AloBeing xostut
AMEE WPANN B3RS AYAL 4 b @77t Bas) Lok Bottom ash A Ee|0i
A9 84 AgH HMA A2 BHIFS Folof stul. Fly ash AeEojel Middle ash

7o s A7 AHEY 'ed ALY HIUEE Y 7HIdE S5

SHE ARIE 150 oigh LCI Hloj&Ho] 2, 2002
g g mE2tAaE ool digt LCI gloj& o] A, 2002
, EALRANEY RleEddn d=st 7|eviE, h=AEAME ALY, 2014. 4
& 717t & 300%Ht of 2EH.. AEA) AF2Ee 55, 2010. 3.17
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