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Analysis of Environmental Road and Greenhouse Gas Reduction Effects
through LCA of the 4 Major Machine Tool Remanufacturing
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ABSTRACT: The industrial sector that can actively respond to the circular economy is remanufacturing. In the case of machine tools,
the need for remanufacturing of machine tools is emphasized because it is expected that waste products will increase before the
mechanical life expires due to the change in perception of low carbon energy reduction and the increase in demand for advanced
high-precision machine tools due to the development of ultra-precision industry. This study calculated the environmental load and
greenhouse gas reduction effects through LCA analysis of the remanufacturing of four major machine tools used throughout the industry,
such as grinding machines, planar millers, presses, and lathes, using LCA. Due to the nature of the remanufacturing process, some
consumables are replaced or put in to improve quality and function by using the core of the product (or part) after use. In the case of
cores used in the remanufacturing process, environmental impacts have already occurred during manufacturing by new manufacturers.
In remanufacturing, only the environmental impacts caused by the use of newly input auxiliary materials and energy, excluding cores,
occur. As a result of the Midpoint LCA analysis, the amount of reduction in environmental impact for each product remanufactured
were 4,439 kg CO, eq. per machine based on the global warming impact category during characterization, the planar miller 90,080
kg CO; eq., the press 636,390 kg CO; eq., the lathe 24,638 kg CO; eq., it was found that the reduction of environmental impact was
the highest when one press was remanufactured.
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Table 1. Midpoint LCA assessment impact category
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ADP (Abiotic Depletion Potential) Az 1/yr
AP (Acidification Potential) A3 kg SO, eq.
EP (Eutrophication Potential) HAgs kg PO,> eq.
GWP (Global Warming Potential) AF-243) kg CO; eq.
ODP (Ozone layer Depletion Potential) S Z2=uly) kg CFC-11 eq.
POCP (Photochemical oxidation Potential) Y3l SHASHE YA kg CoHy eq.
Table 2. Machine tool remanufacturing characterization results
T AT AE AAZE A =
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AHYBHAP) 2.17E+01 6.08E+00 1.56E+01 kg SO; eq.
A7 F-FFSHEP) 1.25E+01 3.49E+00 8.97E+00 kg PO,> eq.
A F-233HGWP) 6.17E+03 1.73E+03 4.44E+03 kg CO; eq.
2 ZZu}3(0ODP) 2.55E-04 7.13E-05 1.83E-04 kg CFCl11 eq.
B5}LALSHE A4 (POCP) 3.06E+00 8.56E-01 2.20E+00 kg CoH, eq.
2+ 71ZHADP) 3.13E+02 3.95E+01 2.74E+02 1/yr
AFASHAP) 3.70E+02 4.68E+01 3.23E+02 kg SO; eq.
=g B eFSHEP) 2.18E+02 2.75E+01 1.91E+02 kg PO,™ eq.
2| 2L HSHGWP) 1.03E+05 1.30E+04 9.01E+04 kg CO; eq.
2 Z=u}7](0DP) 3.69E-03 4.74E-04 3.22E-03 kg CFCl11 eq.
L3}5HALSHE A A (POCP) 6.32E+01 7.81E+00 5.54E+01 ke CoH, eq.
291 71ZHADP) 3.22E+03 7.93E+01 3.14E+03 1/yr
AHASHAP) 3.11E+03 7.91E+01 3.03E+03 kg SO, eq.
e B ekS(EP) 1.36E+03 3.75E+01 1.32E+03 kg PO,™ eq.
AL IHSHGWP) 6.54E+05 1.77E+04 6.36E+05 kg CO; eq.
9 Z=ul7|(0ODP) 2.16E-02 5.68E-04 2.10E-02 kg CFCIl1 eq.
}5}151ALSHE A 4J(POCP) 3.75E+02 1.10E+01 3.64E+02 kg CoHy eq.
2} 7.ZHADP) 7.53E+01 4.74E+00 7.06E+01 1/yr
AIBHAP) 9.26E+01 5.85E+00 8.67E+01 kg SO, eq.
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o 2| T2 I SHGWP) 2.64E+04 1.76E+03 2.46E+04 kg CO, eq.
© ZZ3}7](0DP) 1.07E-03 5.78E-05 1.02E-03 kg CFCI1 eq.
31stikstE A A (POCP) 1.31E+01 7.97E-01 1.23E+01 kg C;H, eq.
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Table 3. Machine tool remanufacturing normalization results
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(F4): Eco-point)

3271A FFHET AE WA E=F A
AL 1Z(ADP) 7.09E-01 1.98E-01 5.10E-01
AL BHAP) 5.45E-01 1.53E-01 3.93E-01
X oFSHEP) 9.51E-01 2.66E-01 6.85E-01
A7 AL ISHGWP) 1.12E+00 3.12E-01 8.03E-01
©22u}3](0DP) 6.26E-03 1.75E-03 4.50E-03
B3} A4 (POCP) 2.97E-01 8.31E-02 2.14E-01
A 3.62E+00 1.01E+00 2.61E+00
AL 1 Z(ADP) 1.26E+01 1.59E+00 1.10E+01
AL SHAP) 9.30E+00 1.18E+00 8.12E+00
B okSHEP) 1.67E+01 2.10E+00 1.46E+01
BT ERIE 2 -2 FSHGWP) 1.86E+01 2.35E+00 1.63E+01
L ZZ913)(0ODP) 9.08E-02 1.17E-02 7.91E-02
B3}5PAFSHE: A4 (POCP) 6.14E+00 7.58E-01 5.38E+00
A 6.34E+01 7.98E+00 5.54E+01
AL 1 Z(ADP) 1.29E+02 3.18E+00 1.26E+02
AL BHAP) 7.81E+01 1.99E+00 7.61E+01
H.o oS EP) 1.04E+02 2.86E+00 1.01E+02
YA 2L FSHGWP) 1.18E+02 3.20E+00 1.15E+02
©22u}3](0DP) 5.30E-01 1.40E-02 5.16E-01
B3}5FAESHE: A3 A (POCP) 3.64E+01 1.07E+00 3.54E+01
A 4.66E+02 1.23E+01 4.54E+02
AL 1 Z(ADP) 3.03E+00 1.90E-01 2.83E+00
AL BHAP) 2.33E+00 1.47E-01 2.18E+00
H.ogoksHEP) 4.03E+00 2.26E-01 3.80E+00
Ay A -2 3FSHGWP) 4.77E+00 3.19E-01 4.46E+00
{LZ2913)(0ODP) 2.64E-02 1.42E-03 2.50E-02
B3}5PAEEHE: A4 (POCP) 1.27E+00 7.74E-02 1.19E+00
Al 1.54E+01 9.61E-01 1.45E+01
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Table 4. Machine tool remanufacturing weighted results
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32714 FFAF AE PA2EF A3
-9 71.ZH(ADP) 1.64E-01 4.58E-02 1.18E-01
AP SHAP) 1.96E-02 5.50E-03 1.41E-02
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A2} A F-&I3HGWP) 3.21E-01 8.99E-02 2.31E-01
9 =Z21}7](0DP) 1.83E-03 5.11E-04 1.32E-03
B3}5PAEEHE AJ A4 (POCP) 1.93E-02 5.40E-03 1.39E-02
A 5.62E-01 1.57E-01 4.04E-01
A 1 ZHADP) 2.90E+00 3.66E-01 2.54E+00
A SHAP) 3.35E-01 4.23E-02 2.92E-01
B okSHEP) 6.33E-01 7.96E-02 5.53E-01
Zei Yy A F-&ISHGWP) 5.37E+00 6.78E-01 4.69E+00
222913)(0ODP) 2.65E-02 3.40E-03 2.31E-02
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A 1 ZHADP) 2.99E+01 7.35E-01 2.91E+01
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A 7.32E+01 1.91E+00 7.13E+01
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B3}erAEHE A4 (POCP) 8.24E-02 5.03E-03 7.73E-02
A 2.40E+00 1.55E-01 2.25E+00
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Table 5. Reduction amount by impact category of remanufactured products compared to new products

FFHF A7) =L Z& At =9
Azt 1.27E+01 2.74E+02 3.14E+03 7.06E+01 1/yr
AbA 3} 1.56E+01 3.23E+02 3.03E+03 8.67E+01 kg SO, eq.
Hogoks} 8.97E+00 1.91E+02 1.32E+03 4.98E+01 kg POs” eq.
A 243} 4.44E+03 9.01E+04 6.36E+05 2.46E+04 kg CO; eq.
2 E=u}7) 1.83E-04 3.22E-03 2.10E-02 1.02E-03 kg CFC-11 eq.
FeshiekE A4 2.20E+00 5.54E+01 3.64E+02 1.23E+01 kg C;H, eq.

Table 6. Reduced environmental impact of remanufactured products compared to new products

(F4: Eco-point)

JFaT AA] EEREE EXDS AR
Ay 1.18E-01 2.54E+00 2.91E+01 6.55E-01
A3 1.41E-02 2.92E-01 2.74E+00 7.85E-02
HAks} 2.60E-02 5.53E-01 3.83E+00 1.45E-01

A Gt-2ts} 2.31E-01 4.69E+00 3.31E+01 1.28E+00
Q.ZEZuty] 1.32E-03 2.31E-02 1.51E-01 7.28E-03
F3letilkslE A 1.39E-02 3.50E-01 2.30E+00 7.73E-02
Al 4.04E-01 8.45E+00 7.13E+01 2.25E+00

Table 7. Conversion result of GHG reduction effect of machine tool remanufacturing

(F$): kg COz eq./Oh)

T AF A =E

A7 AgE

Az

TEEF) ehal &)
A2} 6.17E+03 1.73E+03 4.44E+03 32 64,366
Zag U 1.03E+05 1.30E+04 9.01E+04 645 1,306,160
s N 6.54E+05 1.77E+04 6.36E+05 4,557 9,227,655
ks 2.64E+04 1.76E+03 2.46E+04 176 357,251
A 7.90E+05 3.42E+04 7.56E+05 5,410 10,955,432
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