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ABSTRACT

KEYW ORD

EtAH =2t

Environmental impact assessment techniques have been developed as a result of the worldwide efforts to reduce the  epauj= zrzs2r

=ZToT\o

environmental impact of global warming. By using the quantification method in the construction industry, it is now  Z3Z|E HZ

possible to manage the greenhouse gas is to systematically evaluate the impact on the environment over the entire
construction process. In particular, the proportion of greenhouse gas emissions at the production stage of construction

material occupied is high, and efforts are needed in the construction field.

sBAEe Y}

CO2 Emissions
CO2 Reduction

In this study, intended for concrete products for the construction materials, by using the LCA evaluation method, we ~ Concrete
compared the results of environmental impact assessment and carbon emissions of developing products that have been ~ Environmental Impact Assessment
applied low-carbon technologies compared to existing products. As a result, by introducing a raw material of industrial
waste, showed carbon reduction. Through a comparison of the carbon emission reduction effect of low-carbon A CCEPTANCE INFO

technologies, it is intended to provide academic data for the evaluation of greenhouse gases in the construction sector

and the development of low-carbon technologies of the future.
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Table 1. Status of carbon labelling concrete product in Korea
(Unit: kgCO,eq./n’)

Division I I

Standard 25-21-150 25-24-150

Pre-manufacturing Phase 21.6 21.15
(Occurrence Rate of GHGs) (11%) (11%)

Manufacturing Phase 167.66 179.74
(Occurrence Rate of GHGs) (89%) (89%)

Total Emission Amount 189 201
(Occurrence Rate of GHGs) (100%) (100%)
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Table 2. Elemental technologies for reducing carbon emissions of
construction materials

Life Cycle CO; Reduction Technology

Materials Reduction

Use of Industrial waste materials

Production Stage
(Raw materials supply and
Manufacturing)

Process Efficiency Improvement

Fuel Change

New Materials Application
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Table 3. Characteristics of each product
HVMA High Strength

Non-cement Concrete for

Lkl Ready-mixed Concrete(A) PC Element(B)
End-product Ready-mixed Concrete Ready-mixed Concrete
Standard 25-50-600(Slump flow) 25-50-150
Function To form structural frame of | To form structural frame of
reinforced concrete building | reinforced concrete building
Functional 50MPa Ready-mixed 1m" | 50MPa Ready-mixed 1m’
Unit Concrete Production Concrete Production
CO, Reduction Resource recycling . - o
Technology (Use of industrial waste) Recycling Materials 100%
R}srfg(riir:;e 50MPa OPC Concrete 50MPa OPC Concrete
a5 Non-cement Concrete Amorphous Steel Fiber
Division Panel(C) Concrete(D)

End-product |Ready-mixed Concrete Panel| Ready-mixed Concrete

Standard 0.6mx3.0mx0.1m 25-24-150

To form structural frame of | To form structural frame of

Function reinforced concrete building | reinforced concrete building
- Ready-mixed 1m’
Functional Concrete Production 24MPa Ready-mixed 1m’
Unit - Panel 1 Unit Concrete Production
Module(46kg)
+ Use of Industrial waste
+ Non-cement materials
- Use of Industrial waste - New Materials
materials + Reduction of Energy

CO, Reduction

+ Longlife span consumption on

Technology (High Strength) Production stage
+ Industrial waste + Increasing of durability
Reduction life from
Crack-Reducing
R;fg(rﬁrge Extruded concrete panel 24MPa OPC Concrete
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Fig. 1. Process flow chart of HVMA high strength concrete

Table 4. Data source of HVMA high strength concrete

DB

Division |  Parameter Application DB title Origin Year | Baseline
Portland
Cement O Cement KL(]\%I(BB 2013 O
(EDP2013)
Furnace Slag
Powder . wa na a O
Fly Ash X n/a n/a n/a O
Gypsum, .
Anhydrous - Ecoinvent
Gypsum O |mineral, at | qitzeriand) | 2005
mine
Cogenerationash X n/a n/a n/a
Input Construction
Gravel | "\ aterial
Coarse Aggregate O (Crushed LCI DB 2008 O
rock) (MLIT)
. sand, at | Ecoinvent
Fine Aggregate O mine | (Switzerland) 2005 O
Admixture X na n/a na
Ground Water x Elerélentary n/a n/a O
ow
Electricity O | Blectrcity KL@%B 2000 O
Emission-air X na n/a n/a X
Output | Emission-water X n/a na n/a X
Emission-solid X na n/a n/a X
Highway
Cement O transport KIZ&IE?B 2013 O
(Truck)
Transport High
way
Fumace Skg | 0| transport KL&IE?B 03| O
(Truck)
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Division |  Parameter Ap pggti - DB title Origin Year |Baseline Division |  Parameter Appll?gtion DB title Origin | Year | Baseline
Highway . .| Ecoinvent
Fly Ash 0 transport KL()]?/}E ;)B 2013 0 Fine Aggregate O Sand, at mine (Switzerland) 2005 O
(Truck) ;
Sodium KLCI DB
Highway Water Glass O silicate (ME) 2003 -
Anhydrous KLCI DB
Gypsum O | trnsport | o™ | 20131 - KLCI DB
(Truck) NaOH O |Caustic soda| ™ yp™ 2003 | -
Highway | 1 o pp
C tion-ash transport 2013 _ Potable water| KLCI DB
ogeneration-as O (Tlll'sugﬁ) (ME) Potable water @) (EDP2013) (ME) 2013 O
Highway Electrici O | Heetricity | *LCLDB o000| ©
ICoarse Aggregate] O transport KIZ%E]))B 2013 O vy Y (MKE)
(Truck) Emission-air x n/a n/a n/a X
Highway i
Fine Ageregate o transport KL(%E ]))B 2003 o Output | Emission-water X n/a n/a n/a X
(Truck) Emission-solid x n/a n/a n/a X
Highway Highway
Admixture @) transport KL()%E?B 2003 | O Portland Cemenf{ - transport KU%EDB 2013 O
(Truck) (Truck) (ME)
Furnace Slag 0 Highway | KLCI DB 2013 )
) PCHEA|-E& ZAHE %EQE(B) Powder transport (ME)
AWEZ AF235}2] oF 71 AlOlE ROl 124 BHolopo Coarse Highway | KLCI DB
ngfﬂ_ = AHgSHA] o T AR J% A=t EﬂlL o e S Trnspor|_ Acereate o) iraspon op |23 O
= Eo 2 3] S 7%
AR ZAYERAN BY AwE gt o uet 234 AA Fine Aggregate] O Highway | KLCIDB | )41
v, o] uf £ 5 o1 2| 75 4851 Bt msport_|  (ME)
TH, Y AABAL AL 1F AF] A9, AYHAE 2 Waer Gas | O | Hgivay | KLGLDB |pg3|
ZoAE BUHA EA AHER FU A58 FHT HlolE A NOH o Highway | KLCI DB |, s
_ a -
At A, B4, Portable Water)AH-S 37} LCI DBE QA 5ho] 414 transport (ME)
st )
() FAIHE Z32E 34(C)
A% A2 A7 HA 2 WFAR o] &5 FUAA o] &

System Boundary
~~ FumaceSlag ™/~ Coarse ™~ Water 1"\1 /7 Caustic
- Powder . Aggregate ' “.__ Glass - soda -~

- T SN — —
Fine ™| ¢ \ Ve ) ~N
) Wi
_Aggregate | " atei)// \\/i?mnxtuE//
- - —
Data Collect
Transportation Emission-air

///-! P \\~
— process issi
N EITIISS‘IOFI
] -solid
Blending

Emission-water

[ Non-cement Concrete for PC ]

Fig. 2. Process flow chart of non-cement concrete for PC

Table 5. Data source of non-cement concrete for PC

Division |  Parameter s DB title Origin | Year |Baseline
Application
Portland
Cement . Cement K(LNCHI(BB 013| O
(EDP2013)
Furnace Slag
Input Powder X wa wa a )
Gravel Construction
Coarse 0 (Crushed Material LCI 2008] O
Aggregate rock) DB
(MLIT)
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Fig. 3. Process flow chart of non-cement light weight concrete panel
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Table 6. Data source of non-cement light weight concrete panel

System Boundary

Ll DB . - . R
Division | Parameter Application DB title Origin | Year | Baseline / EﬁmTt \_Aggregate_._fiber /
Bottom Ash ) )—*""}Ee’ I
(4~10mm) * wa wa | na)o- “[-Aggregate (v
Bottom Ash
x 1/ 1/ 1/ -
(0.1~2mm) ¢ ¢ ¢ Data Collect
Pyah | x| owa | owa Jwa| O [rponsten | I
F Sl
urggs:der ag x n/a n/a n/a - L : > Emission-water
(__Electricity >
Construction e process
Light Weight . . [Material LCI Emission
Aggregate ) Clay Brick DB 20081 O Blending
(MLIT) process
Sand - |Sand, at minel, LM Ia005| O
(Switzerland)
Input Portland [ Amorphous Steel Fiber Concrete ]
Cement - Cement K{“]\%I(gB 2013 O
EDP2013
( ) Fig. 4. Process flow chart of amorphous steel fiber concrete
Silica Fume - n/a n/a n/a O
Sodium | KLCI DB
Water Glass @) silicate (ME) 2003 - Table 7. Data source of amorphous steel fiber concrete
NaOH O Caustic soda KL(%E]))B 2003 - Division Parameter App:?gtion DB title Origin Year | Baseline
Portable Potable water| KLCI DB Portland EPD
Water O |'@pro3) | g |28 © Cement O Cement | (ME) |2B] O
. - KLCI DB Construction
Electricity O Electricity (MKE) 20000 O Coarse 5 gra‘fld Naterial 1CI | O
Aggregate ( rroucsk)e DB
. Bunker Fuel | KLCI DB
B-C Oil O 0l C (MKE) 20060 O (MLIT)
Emission-air X n/a n/a n/a X Fine Aggregate O Sar?fr,leat (S]%x(f:i(t);el;,lzrrlltd) 2005 O
Output [Emission-water X n/a na n/a X Flementary
Emission-solid X n/a n/a n/a X Input Ground Water * flow va wa ©
Bottom Ash 0 Highway | KLCI DB 2013 ) SP X n/a n/a na -
(4~10mm) transport (ME)
- Fly Ash X n/a n/a n/a -
Bottom Ash 0 Highway | KLCI DB 2013 )
(0.1~2mm) transport (ME) Amorphous 0 materials | participation 2014 }
Hieh KLCI DB Steel fiber offer company
Fly Ash ) 1ghway 203 O
ransport (ME) Wire Mesh - Wire rod KL(%E?B 2003| O
Furnace Slag 0 Highway | KLCI DB 2013 )
Powder transport | (ME) Electricity O | Blectricity K(LI\%IQ]ED)B 2000 O
Light Weight ) Highway | KLCI DB w03 O
Aggregate transport (ME) Emission-air X n/a n/a na | x
Transport High KLCL DB
) way i
Sand transport (ME) 2013 O Output | Emission-water x na na na X
Highway | KLCI DB Emission-solid X n/a n/a n/a X
Cement - 2013 O -
transport (ME) Highway | KLCI DB
Cement @) transport ME 20131 O
N Highway | KLCI DB spo (ME)
Silica Fume - transport ME 2013 O -
Spo (ME) Coarse 0 Highway | KLCI DB 03| O
; Aggregate transport (ME)
Highway | KLCI DB ggreg p
Water Glass O 2013 -
tansport_ | (ME) . Highway | KLCI DB
- Fine Aggregate O 2013 O
Highway | KLCI DB transport | (ME)
NaOH O 2013 -
transport (ME) .
Water o | Highway | KLCLDB 155,31
Transport fransport (M)
@ HIAAE AT = 2IYED) - o Highway | KLCI DB | 02|
7V Ak Zol, Qo) 23t B AT EAAA nsport | OF)
28 9 A, EYTA)S 2k olE 47 A £ 9 4] o yah | O | et | Nam |23 -
?l' E’E‘ }\(])1/1\_]-1:‘]] O] Ei‘%' _/I\“;g 6]'547 EﬂO] E1 7‘-”/1\_]- }\]7 %(;q 6]'4:: Ground Amorphous 0 Highway | KLCI DB 2013
Water) 82 7] 25502 Z155fe] 49158 Holel S 1efsh] St fher wonsport | A
QSkT, £ 0] 79 A 971 % 2 AT o) = 99%) 2 A g5t WieMen || Mgy |KUADB |y o
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AFAA N A B4t 7 ElolHE AT A2 H, AR lA 2 1 A3 gho]l =9 d o & -gopr|of fagt grolet 4 girh
A Al == 24 9 oy A of gt B3 FF g7t 2THE Al B A= TOTAL 2038 A Al FI7hefAel zF =] 2]
R AitHolHE FYEHAIEER FEot] 4 SAHSEEE A4
2, Zt 93 Bl 9 AETE VISt st meAE
3.4. ZF AA 9 A dLuEF AF_Ae EE 2 A5 At o) 2 HARA ZH2ke] 715 the] 7| F 0 2 AAks)
B o204 glo]H2 225t 7 AR o] BbAuEeE A7t a o] EREAS 7N S, BHFIFFIIE s Ik =& H F
A2 EZ5t B 82 Aalskart. 7t At Foll A 225t Gk (kg COreq.) ATHE F-8oto] Bt
g A E A2 AGA D A2 GA A Q] FAMEF] ER2E E
Table 8. Applied CO» reduction technology to each product Astglt.
Application
1ECO: Reduction Techmology =" T8 [ ¢ | b (1) HVMA 17 1] 2(A)
Materials Reduction @) O O HVMA X7 o] 1m’ A4t of| A EHAY 5= 2] 2733t o
Use of Industrial waste materials O O O -2 70.19kg COg-eq.c"l Ao 2 Yehgon A& A xHAAA o
Process Efficiency Improvement O 2 oA EASH= CO, &0 A2 70.1%S AFA|5}h, Al &
Fuel Change Ao A= AZIAREFel 29t vl &2 29.9% & LHEFE T
New Materials Application o AAEQ BAdA A, &8 daEY HES AL AR F
9] 21.9%, 71 A& 6.8%°|t}. oo, =82k d = B dul &S
(1) HVMA 1735 Fu]E(A) 371 7t Al SAElESFo] oF 1/52 At A2 e
TY 359 71E 2 A4 3ATL SLTF BN TS A= (2) PCEA-§ FAIHE F 2] E(B)
AL AFol AR, FAISA A AFAFRAIES] cEALE A9 PCEAE FAWE ZH2E 1m' 4 o) A FA o= 2] -2
FAE = AR E o] 8o =M AW E Aol 215 23421 vj 3} JF 147.5kg COreq.?l A2 U O™, A1 E A4kl A
E& oM Hol davEFE AEsHA "ot A 2A7FA i ETF] 87.5%7F Al 2R A oA, 12.5%7F Al 257
(2) PCEA-§ FAIHE ZA 2 E(B) ol A HA ot AL =2 e
AN A A F A Al AR E S ARE-SHA] GE L AF Y RAMHE BA| &9 AArdA A, AT A= 7] AFY AHE FAF
I MRS IS AFESto] A E ] AFS S £ 0 24 Saw) o) M-S Y da FYOo=E Aol L, T HlE2 A AlE
& Atote Aol & 4= Sinh o| 24, AU E 9] YA A= FAI 15.7%, 0%°] e}, olw, 7R 2|52 AHE AHg-of 93t 873
o] Eo] AIMER WA¥stA E= e Fol7t @A 5] RolA| A "t FFol = Ao & & 4 §lo], gaHfEFo] 71 tiH] of 73%7t &
() FAIHE A 23 E 34 (0) S A0 = e
AHE S ARES12] g1l ATHA RS AFS AY A4S () FAHE A ZAE HY(0)
Z-goto] A 2= AlEolth A8y A 9 H A A R4 FAHE ZF Z3E g 17} ZE(46kg) FA-2 St Hln|2
=& &8ote] g7 24 S T 289 gty P g F A At of| A AP sHE A 2138} k2 187.8kg COy-eq.Ql AL E
£ FAYE 232 EZA AHE BAHE 915 2ejet o g 2| o & UERTE 0] 5, 69.4%& Al XA DA | A HAYSHH 2™, 30.6%+= Al
AHfjEo] HAYSHA] oA k. ZA A A7 L & QI CO HlEF 2 & UrEP T
(4 H8d AR £ 23 HED) CAIES] BAGA ANA, AL A 9 7] A2 «83d d=
DAIEQ] A4, 71 AlFel gt dlol8 +4& Tt dRies F Hl&2 242} A1 F A9 83.8%, 4.6%°] . o] o], 7] A&
S eH, Hu|E #2417 4t 582 S Yottt H =30 2H ] FPHES oF 208 71 Al A2 g A oA srAHE
AHEAA= B G Ax Al 3 dE50= Qg ol F2 oF 54% AA #jEsHA ek
2 9 gadE A dut 232 E @7 A AREE= 2ol (4 H34d A H &4 2 ED)
A& AHE-S12] -2 0 =M efo]ofHf|A] A4t o & QI of 1 2] AH] HZA A5 EAT ZAYE 1o Aol A A 5=
9 gauES A7l E4 0 Aok Sl EF2 243.4kg COreq/Im' 2, A|ZHGA A 225.6ke

Z+ 24 o] 8H 4 F gt A
2of w2t TOTAL =2 13-&
iT
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