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Abstract : Remanufacturing re-commercializes a used product to achieve an equal or higher performance level than the original
product by disassembling, cleaning, inspecting, repairing, reconditioning, and reassembling the used product. The remanufacturing
industry is a key industry necessary to realize carbon neutrality by 2050. This study uses life cycle assessment to analyze the
resource reduction and greenhouse gas reduction effects with and without considering the avoided effect for an injector, which
is an automobile part that is actively being remanufactured. The results of this study showed that the resource reduction effect
and greenhouse gas reduction effect induced by injector remanufacturing were reduced by 95.30% and 93.88%, respectively,
based on one unit without considering the avoided effect. However, when considering the avoided effect, which in this case is the
environmental impact of not disposing of the used injector and not having to use natural resources to manufacture a new injector
because the used injector was reused during remanufacturing, the resource reduction effect and greenhouse gas reduction effect
were 190.91% and 188.33%, respectively. The results of this study are expected to be used in the future to evaluate the amount
of environmental impact reduction while considering the avoided effect during remanufacturing and to help develop research
methodology for remanufacturing.
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Figure 1. Remanufacturing process of an injector.
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Figure 2. Procedure of LCA.
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Table 1. Calculation example of GHGs emission considering the avoided effect in the end of life stage

. ) Information of LCI DB o
Waste Dispoal Weight — - GHGs emission
method (kg) Name of LCI DB Carbon emission coefficient (kg CO, eq.)
(kg CO, eq./kg)
Part ‘A Recycling 0.6 Waste iron metal recycling -3.80E-03 -2.28E-03
a
Landfill 0.4 Waste metal landfill -1.22E-02 -4.89E-03

Table 2. Calculation example of GHGs emission considering the avoided effect in the acquisition stage

. Information of LCI DB L
Part Material Weight — - GHGs emission
(kg) Name of LCI DB Carbon emission coefficient (ke CO, eq.)
(kg CO, eq./kg)
A A(core) 1 Cast iron production row -1.65E+00 -1.65E+00

Table 3. Composition information of an injector

No. Part Weight (g) Material Remanufacutured rate (%)
1 Body 450 Cast iron 99
2 Coil 12 Copper 98
3 Nozzle 25.4 Cast iron 90
4 Nozzle cap 23.1 Nickel alloy 95
5 Control valve 13.1 Stainless steel 10
6 Upper cap 5 Polypropylene 98
Sum 528.6
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Table 4. Parts weight of remanufactured injector

No. Part Weight (g) Reused rate (%) Composition Weight (g)
Body (core) 445.50
1 Body 450 99 -
Cast iron 4.50
. Coil (core) 11.76
2 Coil 12 98
Copper 0.24
Nozzle (core) 22.86
3 Nozzle 254 90 -
Cast iron 2.54
Nozzle cap (core) 21.945
4 Nozzle cap 23.1 95 -
Nickel alloy 1.155
Control valve (core) 1.31
5 Control valve 13.1 10 -
Stainless steel 11.79
Upper cap (core 4.90
6 Upper cap 5 98 bp p (core)
Polypropylene 0.10
Sum 528.6 528.60
9] FEgE AT Totsh 4= Qlo], B dAFoAE AxX Table 5. Disposal information of wastes
A= A5ttt Material Disposal rate (%)
ateria
P F Pt 2 redslE skl o, kg Recycling Incineration Landfill
7HHHL S A E X Q1E A X & A 8519t Waste metals 96.2 0.0 3.8
Waste plastics 79.7 19.9 0.4

4222 24

4.2.1 HIOIH =& & ALt F 758 9, A 9 AAzES YEIH AAzE
Table 32 CAMYIA] 202290] 33t A B E FH5k= F =8 T AAE S 7 REY FF T AAHE AA
Table é. Disposal weight of new and remanufactured injectors in the end of life
Waste Weight (g) Material Disposal method Disposal rate (%) Weight (g)
Recycling 96.2 432.90
\:j(sl;? 450 Cast iron Incineration 0.0 0
Landfill 3.8 17.10
Recycling 96.2 11.54
\)Zzsi:e 12 Copper Incineration 0.0 0
Landfill 3.8 0.46
Recycling 96.2 24.43
r\l):)/zitlee 254 Cast iron Incineration 0.0 0
Landfill 3.8 0.97
Waste Recycling 96.2 22.22
nozzle 23.1 Nickel alloy Incineration 0.0 0
cap Landfill 3.8 0.88
Waste Recycling 96.2 12.60
control 13.1 Stainless steel Incineration 0.0 0
valve Landfill 3.8 0.50
Waste Recycling 79.7 3.99
upper 5 Polypropylene Incineration 19.9 1.00
cap Landfill 0.4 0.02
Sum 528.6 528.60
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Stage Part Material Resource ff)otprmt Carbon en_nsswn
Name of LCI DB Source coefficient coefficient
(kg Sb eq.’kg) (kg CO, eq./kg)
Cast i
Body Cast iron ast ron Ecoinvent 3.8 1.19E-02 1.65E-+00
production row
. . Ministry of
1 duct 3.06E-02 4.57E+00
Coi Copper Copper production Environment 7
i
Nozzle Cast iron Cast ron Ecoinvent 3.8 1.19E-02 1.65E+00
Raw production row
acquisition Nozzl Iron-nickel-chromi
q ozzie Nickel alloy ron-ickel-e rolmlum Ecoinvent 3.8 5.13E-02 7.31E+00
cap alloy production
1 inl 1 Mini f
Contro Stainless steel Stainless .stee 1r.1lstry © 1.52E-02 3.19E+00
valve production Environment
Pol 1 Mini f
Upper Polypropylene oypropyfene inistry 0 3.08E-02 1 47E+00
cap production Environment
. Waste i tal Minist f
Waste body. | pocveling aste wron meta mistry o 2.56E-05 3.80E-03
nozzle, recycling Environment
control ini
Landfill Waste metal Ministry of 7.80E-05 1.22E-02
valve landfill Environment
Wast -1 Ministry of
Waste Recycling aste nori-wron sty © 1.28E-04 1.78E-02
coil and metal recycling Environment
nozzle ini
End of Landfill Waste metal Ministry of 7.80E-05 1.22E-02
life cap landfill Environment
Mi t Ministry of
Recycling ixed waste ISy © 1 48E-04 1.88E-02
plastic recycling Environment
Waste
Mi t Ministry of
upper Incineration lixed waste sty 5.40E-03 3.41E+00
cap plastic incineration Environment
Mi Mini f
Landfill xed waste mistry o 8.63E-05 1.32E-02
plastic landfill Environment
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Table 8. Resource footprint and GHGs emission of new injector in the raw acquisition stage

Information of LCI DB
R 5 Resource GHGs
Part Material Weight fesour.ce Ca.r (.)n footprint emission
) Name of LCI DB ootprint emission (ke Sb | (kg CO,
coefficient coefficient . .
eq./unit) eq./unit)
(kg Sb eq./kg) | (kg CO, eq./kg)
Body Cast iron 450 Cast iron 1.19E-02 1.65E-+00 536E-03 | 7.42E-03
production row
Coil Copper 12 Copper production 3.06E-02 4.57E+00 3.67E-04 5.48E-02
Nozzle Cast iron 25.4 Cast iron 1.19E-02 1.65E+00 3.02E-04 | 4.19E-02
production row
Nozzl Tron-nickel-chromi
ozzie Nickel alloy 23.1 ron-fickel-chromium 5.13E-02 7.31E+00 1.18E-03 | 1.69E-01
cap alloy production
Control 1o, inless steel | 13.1 Stainless steel 1.52E-02 3.19E+00 1.99E-04 | 4.18E-02
valve production
Polypropylene
Pol 1 5 3.08E-02 1.47E+00 1.54E-04 | 7.35E-03
Upper cap olypropylene production 7 7
Sum 528.6 - - ; 7.57E-03 | 1.06E+00
Table 9. Resource footprint and GHGs emission of new injector in the end of life stage
Information of LCI DB
Resource GHGs
Waste Dispoal Weight Resoufce Ca_rbf)n footprint emission
method (@) Name of footpr-mt em1s51_on (kg Sb (ke CO,
LCI DB coefficient coefficient . .
eq./unit) eq./unit)
(kg Sb eq.’kg) (kg CO, eq./kg)
Waste i tal
Recycling | 432.90 aste tron mefa 2.56E-05 3.80E-03 I.IIE-05 | 1.65E-03
Waste recycling
bod
Y Landfill 17.10 Waste metal 7.80E-05 1.22E-02 133E-06 | 2.09E-04
landfill
Waste non-i
Recycling 11.54 aste non-ron 1.28E-04 1.78E-02 1.48E-06 | 2.05E-04
Waste metal recycling
coil
Landfill 0.46 Waste metal 7.80E-05 1.22E-02 3.56E-08 | 5.57E-06
landfill
. Waste i tal
Recycling | 24.43 aste tron meta 2.56E-05 3.80E-03 6.26E-07 | 9.29E-05
Waste recycling
nozzle 1
Landfill 0.97 Waste meta 7.80E-05 1.22E-02 7.53E-08 | 1.18E-05
landfill
Waste | Recycling | 22.22 Waste non-iron 1.28E-04 1.78E-02 2.84E-06 | 3.96E-04
metal recycling
nozzle Wast al
cap Landfill 0.88 aste meta 7.80E-05 1.22E-02 6.85E-08 | 1.07E-05
landfill
. Waste iron metal
Waste | Recycling 12.60 . 2.56E-05 3.80E-03 323E07 | 4.79E-05
recycling
control Wast al
valve Landfill 0.50 aste meta 7.80E-05 1.22E-02 3.88E-08 | 6.08E-06
landfill
Mi ¢
Recycling 3.99 ixed waste 1.48E-04 1.88E-02 5.90E-07 | 7.41E-05
plastic recycling
Waste Mixed wast
upper | Incineration |  1.00 ea waste 5.40E-03 3.41E+00 537E-06 | 3.40E-03
plastic incineration
cap -
Landfill 0.02 Mixed waste 8.63E-05 1.32E-02 1.73E-09 | 2.64E-07
plastic landfill
Sum 528.6 - - - 239E-05 | 6.10E-03
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B A1F9 A=t 2A7FA #jEF2 7.59E-03 kg Sb
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Table 10. Resource footprint and GHGs emission of remanufactured injector in the raw acquisition stage

Information of LCI DB
Resource GHGs
. Weight Resom.rce Ca.rbf)n footprint | emission
Part Material Name of footprint emission
() , . (kg Sb (kg CO,
LCI DB coefficient coefficient . .
eq./unit) eq./unit)
(kg Sb eq./kg) | (kg CO, eq./kg)
Body (core) 445.5 - - - - -
Bod i
Y Cast iron 45 Cast iron 1.19E-02 1.65E+00 | 5.36E-05 | 7.42E-03
production row
Coil Coil (core) 11.76 - - - - -
oi
Copper 0.24 Copper production 3.06E-02 4.57E+00 7.34E-06 | 1.10E-03
Nozzle (core) 22.86 - - - - -
Nozzle i
Cast iron 2.54 Cast iron 1.19E-02 1.65E+00 3.02B-05 | 4.19E-03
production row
Nozzle cap (core) 21.945 - - - - -
Nozzle | elchrom
cap Nickel alloy 1155 | TORMERETCRTOMILI 15 3 0p 731E+00 | 5.92E-05 | 8.44E-03
alloy production
Control valve (core) 1.31 - - - - -
Control Stato] .
valve Stainless steel 11.79 tainless stee 1.52E-02 3.19E+00 1.79E-04 | 3.76E-02
production
Upper cap (core) 4.9 - - - - -
Upper Pol "
cap Polypropylene 0.10 oypropyfene 3.08E-02 1.47E+00 3.08E-06 | 1.47E-04
production
Sum 528.6 - - - 3.33E-04 | 5.89E-02

Table 11. Environmental benefit of remanufactured injector

Resource footprint (kg Sb eq./unit)

GHGs emission (kg CO, eq./unit)

Stage Newly injector Remanufactured injector Newly injector Remanufactured injector
Raw material acquisition 7.57E-03 3.33E-04 1.06E+00 5.89E-02
End of life 2.39E-05 2.39E-05 6.10E-03 6.10E-03
Sum 7.59E-03 3.57E-04 1.06E+00 6.50E-02
Reduced effect 7.23E-03 9.98E-01
Reduced rate (%) 95.30 93.88
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Table 12. Resource footprint and GHGs emission considering the avoided effect in the end of life stage of new injector when

remanufacturing the used injector

Information of LCI DB
Resource GHGs
Waste Dispoal Weight Resoufce Ca.rbf)n footprint emission
method (@) Name of footpr.mt emlsm.on (kg Sb (kg CO,
LCI DB coefficient coefficient . .
eq./unit) eq./unit)
(kg Sb eq.’kg) (kg CO, eq./kg)
Waste i tal
Recycling | 428.57 aste tron metd -2.56E-05 -3.80E-03 -1.10E-05 | -1.63E-03
Used recycling
bod
Y Landfill 16.93 Waste metal -7.80E-05 1.22E-02 -1.32E-06 | -2.07E-04
landfill
P
Recycling 11.31 Waste non-iron -1.28E-04 -1.78E-02 -1.45E-06 | -2.01E-04
Used metal recycling
coil 1
Landfill 0.45 Waste meta -7.80E-05 -1.22E-02 3.48E-08 | -5.46E-06
landfill
. Waste i tal
Recycling 21.99 aste tron meta -2.56E-05 -3.80E-03 -5.63E-07 | -8.36E-05
Used recycling
nozzle Wast tal
Landfill 0.87 aste mefa -7.80E-05 -1.22E-02 6.77E-08 | -1.06E-05
landfill
Waste non-i
Used Recycling 2111 aste fori-wron _1.28E-04 ~1.78E-02 227E-06 | -3.76E-04
| metal recycling
nozzie
cap Landfill 0.83 Waste metal -7.80E-05 -1.22E-02 -6.50E-08 | -1.02E-05
landfill
Waste i tal
Used Recycling 1.26 aste mron meta -2.56E-05 -3.80E-03 3.23E-08 | -4.79E-06
sontrol recycling
valve Landfill 0.05 Waste metal -7.80E-05 1.22E-02 3.88E-09 | -6.08E-07
landfill
Mi ¢
Recycling 3.91 ixed waste -1.48E-04 -1.88E-02 -5.78E-07 | -7.26E-05
plastic recycling
Used . . Mixed waste
upper Incineration 0.98 .. . -5.40E-03 -3.41E+00 -5.26E-06 -3.33E-03
cap plastic incineration
v
Landfll 0.02 ixed waste -8.63E-05 -1.32E-02 -1.69E-09 | -2.59E-07
plastic landfill
Sum 528.28 - - - 231E-05 | -5.93E-03
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Table 13. Resource footprint and GHGs emission considering the avoided effect in the raw material acquisition stage of remanufactured
injector when remanufacturing the used injector

Information of LCI DB
Resource GHGs
. Weight Resoufce Ca.rbf)n footprint emission
Part Material Name of footprint emission
(2 ) ) (kg Sb (kg CO,
LCI DB coefficient coefficient . .
eq./unit) eq./unit)
(kg Sb eq./kg) (kg CO, eq./kg)
Used Castiron | 445.50 Cast iron -1.19E-02 -1.65E+00 -531E-03 | -7.35E-01
Body production row
Used .
Coil Copper 11.76 Copper production -3.06E-02 -4.57E+00 -3.60E-04 -5.37E-02
Used Cast iron 22.86 Cast iron 1.19E-02 -1.65E+00 272E-04 | -3.77E-02
Nozzle production row
Used Iron-nickel-chromium
Nozzle Nickel alloy 21.95 i -5.13E-02 -7.31E+00 -1.13E-03 -1.60E-01
alloy production
cap
Used Stainless steel
Control Stainless steel 1.31 . -1.52E-02 -3.19E+00 -1.99E-05 -4.18E-03
production
valve
Used Polypropylene
Upper | Polypropylene | 4.90 YPropy 3.08E-02 -1.4TE+00 1.51E-04 | -7.20E-03
production
cap
Sum 528.28 - - - -7.23E-03 -9.98E-01

Table 14. Environmental benefit of remanufactured injector considering the avoided effect

Resource footprint (kg Sb eq./unit)

GHGs emission (kg CO, eq./unit)

Stage Newly injector Remanufactured injector Newly injector Remanufactured injector
Raw material acquisition 7.57E-03 3.33E-04 1.06E+00 5.89E-02
End of life 2.39E-05 2.39E-05 6.10E-03 6.10E-03
Avoided effect - -7.25E-03 - -1.00E+00
Sum 7.59E-03 -6.87E-03 1.06E+00 -9.33E-01
Reduced effect 1.45E-02 2.00E+00
Reduced rate (%) 190.91 188.33

2.00E+00 kg CO, eq.01™, A7E&2 190.91%, 188.33%% 1+
Bt om, o] AN & AlES AARESHA] (-) gtol yEhd &
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