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Abstract

In this research, through LCA analysis, the environmental impact of automotive engine manufacturing and re-manufacturing
was analyzed from the perspective of the entire process, and the greenhouse gas reduction effect was calculated based on this.
The amount of greenhouse gas emitted from the process of acquiring and manufacturing raw materials for automotive engines is
about 3,473 kg for new manufacturing and 872 kg for re-manufacturing. Thus, the amount of greenhouse gas reduction by
engaging in re-manufacturing is about 2,601 kg; the analysis shows a reduction effect in each part of the entire process except
for the processing stage. As a result of the LCA weighted analysis, the environmental impact of new product manufacturing was
found to be 1.07E+03 Eco-point, and it was 2.67E+02 Eco-point for re-manufacturing. The share of GWP(Global Warming
Potential) among the six major impact categories(Abiotic Depletion Potential, Acidification Potential, Eutrophication Potential,
Global Warming Potential, Ozone-layer Depletion Potential, Photochemical Oxidant Creation Potential) as high at 99.72%(new
manufacturing) and 99.68%(re-manufacturing).
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Table 1. Scope definition

Category

Definition

Function .. .
power necessary for driving a vehicle.

A reciprocating internal combustion engine that operates heavy oil and light oil as fuel as a device that generates

Functional Unit

Automotive engine DLO06 lea : Weight 727.710 kg

4
( Raw material extraction stage |

System boundary

* 2022 Monthly data(20221,1~2022.9,1)

1 4
( Production stage® |

| 4
( Use / Disposal stage |

Fig. 1. System boundary of automotive engine.
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Table 2. Data category and input and output of the system

Group Material
Input Raw material Carbon steel, Cast iron, Synthetic rubber, Copper, Aluminium alloy
Product Automotive engine DL06
Output Water emission Waste water
Air emission Dust
Waste Steel scrap, Rubber scrap
Table 3. Data sources for LCI of automotive engine
Material Value LCI Database
(kg) Database Source
Cast iron 588 |Market for cast iron removed by turning, primarily dressing, computer numerical controlled | Ecoinvent
Aluminium alloy 43 |Market for aluminium alloy, metal matrix composite Ecoinvent
Carbon steel 71  |Market for reinforcing steel Ecoinvent
Copper 20  |Market for metal working, average for copper product manufacturing Ecoinvent
Synthetic rubber 7  |Market for synthetic rubber Ecoinvent
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Table 4. Result of characterization(DL06)

Table 6. Result of characterization(DL06 remanufactured)

(3 Carbon steel(4.83%)

Impact | Result Level of Impact | Result Level of
catep o value Unit contribution(average of 3 catep o value Unit contribution(average of 3
gory standard) gory standard)
(D Cast iron(68.70%) (D Cast iron(56.12%)
@ Aluminium alloy @ Aluminium alloy
+ & +
ADP | 9.10E+00 1/yr (20.41%) ADP [2.52E+00 1/yr (15.16%)

(3 Carbon steel(12.25%)

D Cast iron(56.14%)

@ Aluminium alloy
(25.22%)

(3 Copper(15.64%)

AP 1.22E+01 | kg SO,-¢eq.

D Cast iron(41.01%)

2 Copper(35.28%)

 Aluminium alloy
(16.73%)

AP |3.79E+00 | kg SO,-eq.

@ Cast iron(73.11%)

@ Aluminium alloy
(1531%)

@ Copper(8.45%)

EP  |7.80E+00 | kg PO,’-eq.

@ Cast iron(59.47%)

(2 Copper(21.22%)

@ Aluminium alloy
(11.30%)

EP  |2.17E+00 |kg PO,*-eq.

@ Cast iron(73.17%)

@ Aluminium alloy
(20.92%)

@ Carbon steel(3.90%)

GWP | 3.69E+03 | kg COr-eq.

(D Cast iron(66.08%)

@ Aluminium alloy
(17.15%)

@ Carbon steel(10.91%)

GWP [9.25E+02 | kg COx-eq.

@ Cast iron(75.59%)
kg @ Aluminium alloy

CFC-11-eq. | (16.39%)

@ Carbon steel(4.56%)

ODP | 1.58E-04

@ Cast iron(64.98%)

kg @ Aluminium alloy
CFC-11-eq.| (12.79%)
(3 Carbon steel(12.14%)

ODP | 4.16E-05

@ Cast iron(74.12%)

(2 Aluminium alloy
(13.07%)

(3 Carbon steel(7.40%)

POCP |2.43E+00 | kg C,Hs-¢eq.

Table 5. Result of normalization(DL06)

Impact category | Result value Unit
ADP 3.66E-01  |kg/person-yr
AP 3.07E-01 kg SO,-eq./person-yr
EP 5.96E-01 kg PO,*-eq./person-yr
GWP 6.67E-01 kg CO,-eq./person-yr
ODP 3.88E-03 kg CFCl11-eq./person-yr
POCP 2.36E-01 kg C,Hs-eq./person-yr
Total 2.18E+00  |Eco-point
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(D Cast iron(58.79%)
POCP | 6.95E-01 |kg C,H,-eq.|@ Carbon steel(18.19%)

@ Copper(11.34%)

Table 7. Result of normalization(DLO06 remanufactured)

Impact category | Result value Unit
ADP 1.01E-01 kg/person-yr’
AP 9.52E-02 kg SO»-eq./person-yr
EP 1.66E-01 kg PO,*-eq./person-yr
GWP 1.67E-01 kg CO,-eq./person-yr
ODP 1.02E-03 kg CFCl1-eq./person-yr
POCP 6.74E-02 kg C,Hys-eq./person-yr
Total 5.98E-01 Eco-point
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Table 8. Result of weighting(DL06)

Table 9. Result of weighting(DL06 remanufactured)

Impact Result value Unit Le\fel O.f Impact Result value Unit Le\{el O.f
category contribution category contribution
ADP 2.10E+00 Eco-point 0.20% ADP 5.82E-01 Eco-point 0.22%
AP 4.40E-01 Eco-point 0.04% AP 1.36E-01 Eco-point 0.05%
EP 2.97E-01 Eco-point 0.03% EP 8.26E-02 Eco-point 0.03%
GWP 1.06E+03 Eco-point 99.72% GWP 2.66E+02 Eco-point 99.68%
ODP 4.61E-05 Eco-point 0.00% ODP 1.21E-05 Eco-point 0.00%
POCP 1.58E-01 Eco-point 0.01% POCP 4.52E-02 Eco-point 0.02%
Total 1.07E+03 Eco-point 100.0% Total 2.67E+02 Eco-point 100.0%
ADP ADP
100.00% 100.00%
80.00% 80.00%
pacp ~ 00.00% AP pocp ~ ©000% AP
40.00% 40.00%
20.00% 20.00%
0.00% 0.00%
0DP EP oDP EP
GWP GWP

Fig. 2. Result of weighting for each impact categories(DL06).
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Fig. 3. Result of weighting for each impact categories(DL06
remanufactured).

3.4. XISKIAT MEMZE X IHHIEA| SATIA Ll
Egnles)

AN FEEAEIE 7Re R AlE ARAIR}
AAEA] SA7RE AFES AT & Aol A
JslaLAt she ojitebeta, Hig, opitelbday, aED}
g, IhEobetsy, SEOR F wed v et
E5324] 235k Table 100] LERAIT.

EEEA A AP E AREARIK AEARA] B 2
72 OF 3,473 kgo] Lo ojAkaletavt 3,454 kgl
 99.45% 5 AA|5h= Ao TAHI. vE vl
3t opAeR A, AERMR A, SRR T AT
oo, HEdtetao] 73 WAYSHA] o= Ao = 24
S Ak ASAAT AA 2A] TAY 2A7H= 9F 872 kg
O F AEA|ZAIQ} IR 2 o]AlSlEr47} 867 kg O &
WA 99.47%F ARSIl v, opibelda, avE
Sieta, SEINRIO| YT %, HEdleas st
A = AL R ZAHI.



Ay 24

2 B AFAN AA 2] LARA A ezt B

Table 10. Result of LCI analysis for LCI parameters

Material Parameter Result value(ke)
DL06 DL06 remanufactured
Carbon dioxide(CO,) 2.34E+03 5.29E+02
Carbon dioxide(CO,, biogenic) 1.96E+02 4.45E+01
Carbon dioxide(CO, land use change) 3.51E+00 7.94E-01
Methane(CH,) 1.58E+01 3.58E+00
Market for cast iron removed Nitrous oxide(N,O) 6.79E-02 1.54E-02
by turning, primarily dressing, |  Output Ethane, pentafluoro-, HFC-125 8.03E-32 1.82E-32
computer numerical controlled HFC-134a(CH,FCF3) 2.36E-06 5.35E-07
HFC-143a(C,H;F3) 6.18E-33 1.40E-33
HFC-152a(C,H,F>) 4.66E-05 1.06E-05
HFC-23(CHF3) 4.93E-07 1.12E-07
Sulphur hexafluoride(SFe) 2.85E-04 6.46E-05
Carbon dioxide(CO,) 6.98E+02 1.43E+02
Carbon dioxide(CO,, biogenic) 9.47E+00 1.95SE+00
Carbon dioxide(CO,, land use change) 2.39E+00 4.92E-01
Methane(CH,) 2.38E+00 4.89E-01
. Nitrous oxide(N,O) 1.71E-02 3.52E-03
Market for al}lmmlum a.lloy, Output Ethane, pentafluoro-, HFC-125 9.58E-33 1.97E-33
metal matrix composite
HFC-134a(CH,FCF3) 2.23E-05 4.58E-06
HFC-143a(C,H;F3) 7.38E-34 1.52E-34
HFC-152a(C,HsF>) 3.96E-06 8.13E-07
HFC-23(CHF3) 3.74E-08 7.69E-09
Sulphur hexafluoride(SFe) 1.40E-04 2.88E-05
Carbon dioxide(CO,) 1.33E+02 9.35E+01
Carbon dioxide(CO,, biogenic) 2.03E+00 1.42E+00
Carbon dioxide(CO,, land use change) 1.28E-01 8.96E-02
Methane(CH,) 4.61E-01 3.23E-01
Nitrous oxide(N,O) 2.15E-03 1.51E-03
Market for reinforcing steel Output Ethane, pentafluoro-, HFC-125 7.33E-34 5.15E-34
HFC-134a(CH,FCF3) 5.38E-08 3.78E-08
HFC-143a(C,H;F3) 5.65E-35 3.96E-35
HFC-152a(C,HsF>) 1.75E-07 1.23E-07
HFC-23(CHF3) 1.4E-08 9.81E-09
Sulphur hexafluoride(SFe) 5.52E-06 3.87E-06
Carbon dioxide(CO,) 5.12E+01 3.58E+01
Carbon dioxide(CO,, biogenic) 2.91E+00 2.03E+00
Carbon dioxide(CO,, land use change) 1.02E-01 7.10E-02
Methane(CH,) 1.94E-01 1.35E-01
Market for metal working, Nitrous oxide(N>O) 4.02E-03 2.81E-03
average for copper product Output Ethane, pentafluoro-, HFC-125 1.63E-33 1.14E-33
manufacturing HFC-134a(CH,FCF3) 7.91E-08 5.53E-08
HFC-143a(C,H;F3) 1.25E-34 8.75E-35
HFC-152a(C,HsF>) 2.84E-06 1.99E-06
HFC-23(CHF3) 9.63E-09 6.73E-09
Sulphur hexafluoride(SFe) 7.06E-06 4.94E-06
Carbon dioxide(CO,) 1.62E+01 1.34E+01
Carbon dioxide(CO,, biogenic) 5.02E-01 4.15E-01
Carbon dioxide(CO,, land use change) 1.99E-02 1.64E-02
Methane(CH,) 5.73E-02 4.74E-02
Nitrous oxide(N>O) 3.76E-04 3.11E-04
Market for synthetic rubber Output Ethane, pentafluoro-, HFC-125 1.59E-33 1.32E-33
HFC-134a(CH,FCF3) 1.63E-08 1.34E-08
HFC-143a(C,H;F3) 1.23E-34 1.01E-34
HFC-152a(C,HyF>) 2.51E-07 2.07E-07
HFC-23(CHF3) 3.18E-09 2.63E-09
Sulphur hexafluoride(SFe) 1.5E-06 1.24E-06
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Table 11. Result of calculating greenhouse gas generated
during production of automotive engine

Result value(kg)
o DLO6 remagli}ggtured

Total 3,473.107 871.937

Carbon dioxide 3,454.101 867.336
Methane 18.913 4.578
Nitrous oxide 0.092 0.024

Hydrofluorocarbon 0.00007 0.00002

Perfluorocarbons - -

Sulphur hexafluoride 0.0004 0.0001

Table 12. Result of calculating greenhouse gas reduction
through automotive engine re-manufacturing

Group Result value(kg)
Total 2,601.169
Carbon dioxide 2,586.765
Methane 14.336
Nitrous oxide 0.068
Hydrofluorocarbon 0.00006
Perfluorocarbons -
Sulphur hexafluoride 0.0003

3.5. AESXIQIEI TRIEA| 2U7HA M2 24

ASARAA AFAZA 9 QA ZA|S] 2A7EA WA
& Table 119], AAZE B2 -2AH7EA ATRE Table
120]] JeRQlct AFsARIA A2 E B3 247HA A
ke o]AlsletA 9F 2,587 kg, Mgk OF 14 kg 508 &
2,601 kg AZ== 2102 FAE ]l

4.2 E

Q

2 Aol ARG AEARAIL} A RA]
gok= S 93RS Ay BoflA AFgstal o] & 7]
HEO 2 2AIVIA A7 a IS APY5lnt. LCIA(Life Cycle
Inventory Analysis)3-d A7} ASXFAA] AZA|ZA| 24
7h AR OF 3,473 kg, AIAIRA] 2A7RA WA
oF 872 kg O 2 RAE| o] A E Bl AT E = 247}
27 9F 2,601 kg O = FAE QI o]of 7]dsio] A
£ o 97] DAE AlLfet by S0l AR A
AZ 716 27 AR Qs A0 2 BAE]ICH
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the.0 2 REZAA leas 7' 5HYZE Cradle to Gate
£ A1AH BAR Sto] LCA A4S =35t s
H B4 F Aqh2dsle] tig 24 40E AuEd
SN 1 ea AZEAZA] oF 3,690 kgCOy-eq, A=
A 925 kgCO,-eq7} HiEE]= A 02 At vi&=F
710 B4} =30]| o3k J7Fo] AFARA| 73.17%
of| A} A RA] 66.08% FrAstaL ghaze] 5tk 7]
7}3.90%°14 10.91%= 4353 A 0 = Yepyitt. ol= A
ARA| FF wAlgol 7]Q15 Ao = A% FA <zt

S FE0] AE 0 59| WAEO| #a-Z oulgith &
FRIZ T FEREY FA= T 727.71 kg F 587.69
kg O & OF 80%E AFA[olal Q17| w0l FEFF] &2
EUE2 A= 3L A= FYE= 97 A
=2 oujgit}. T3 AARIA AFARA] SR ok 2
A7EA OF 3,473 kg F 2,554 kgo| FERF| o5 T
Skl =t AARA] FEREE] ofsf WAYshs 247t
= 9F 578 kg O 2 AR E B9 FEREY] Ho] A
SHOA 2A7EA A7l 7]ofekg UrEhdTt. A
25 B REELES AR UAEY 247 A WA
O] JHEAIE 12T W ARE BT 2A7A AEE
S| Yelirte wAES Hastel] At Ed7 &
7Nt 5o] W aFS AARHY. 71535 B4 Ax AREAl
A AZAZA] F T2 G2 1.07E+03 Eco-point, A Z
A] 2.67E+02 Eco-point= UEFE O™, 3kl a L %
T2 HIEC] 2171 99.72%, 99.68%= 7Y E U

T IS ol AP AsARIZ AARA] 2A7EA
A 2F 2,601 kg O 2 YEFHTE T LCA #4158
< 913 LCI DB A7 77goflA] =] LCI DBE] 79~ =4
E3letA, AHESIRES, SESRY 5 5 AolA Agst
A} SRz 2AI7RAC] HigE EEEA0] HlolH HAE &
7F5sted, 2] LCI DBE ti4l eisto] A £4 A3t
LEof A EA ST F8 S 9% HF= olst
=31 Q= 2ATRAC] g Ay 249 AEE S
AaMe 1=skE WHE 9 =7} LCI DB gH7F €
88 707 gy
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