A7 g71ete] A A 244 A 12, p. 5-9, (2023 12¢)
Korean Journal of LCA, v. 24, no. 1, p. 5-9, (December 2023)

ISSN 1229-599X

In-Depth Study for Environmental Impact Assessment of EPS (Electric
Power Steering) using Life Cycle Assessment (LCA)

Jin Won Chung - Hee Chul An*
HL Mando

ABSTRACT: This study was quantified using LCA about EPS  limited system boundary from raw material extraction until it leaves
the factory and assessed six environmental impact categories; Abiotic depletion; Acidification; Eutrophication; Global warming; Ozone
layer depletion; and Photochemical oxidants creation. The contributions of raw material extraction to the six environmental impact
categories were determined to be as follows:Abiotic depletion 85.2%, Acidification 93.8%, Eutrophication 89.7%, Global warming
86.3%, Ozone layer depletion 99.5%, and Photochemical oxidants creation 93.1%. Sensitivity analysis was performed for data and
assumptions to confirm the results reliability of this study. The results of this study confirmed that raw material extraction stage and
aluminum material part is the most important environmental impact factors in EPS.
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Fig. 1. Process flow diagram of the EPS

Table 1. System boundaries of the EPS

Stage System boundaries
Raw Material Raw material acquisition and
Extraction production
Manufacturing #1 ~ Assembly process for each part
Distribution #1 Transport from each part maker
to the EPS maker
Manufacturing #2  Assembly process for the EPS
Distribution #2 Transport from the EPS maker

to the vehicle maker
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Table 2. LCI database lists

Stage Items LCIDB Source
W7o Steel cold rolled coil — Sphera
g7 Steel hot rolled coil ~ Sphera

2H|elg]2  Stainless steel cold  Sphera
rolled coil
EL7) Steel plate Sphera
&=u]E Aluminum ingot mix  Sphera
g p
F27)
Raw Zgt~E  Polyamide 6.6 granulate Sphera
Material ~Z&rAE Polybutylene Sphera
Extraction terephthalate granulate
ZdtA~E PP/EPDM elastomer  Sphera
5 NBR, 33% acrylonitrile Sphera
o Lubricants at refinery  Sphera
HAZA|  TPU, TPE-U adhesive Sphera
AR =2 Epoxy resin mix Sphera
Printed wiring
AR = board 2-layer Sphera
28 AES Steel sheet stamping  Sphera
| Steel sheet deep Sphera
L=R=S=1C)) drawing
AEGZ Steel forging part Sphera
2E WA Steel high alloyed  Sphera
machining
Manufact- <2n]%  Aluminum die-cast ~ Sphera
uring #1  t}o]7jAE
Ad=2u)E Aluminum cast Sphera
HAIY machining
ZotAE Plastic injection Sphera
A= moulding
%E}Z_:@, Plastic extrusion Sphera
*=
=S4 Truck, Euro 4, JP Sphera
o5
Distributi- -5+H84F  Truck, Euro4, EU-28  Sphera
on #1 olF
S AF  Container ship, EU-28 Sphera
o5
3237  Electricity grid mix ~ Sphera
A7) Thermal energy from
natural gas
3=+¥%  Process water from  Sphera
LNG  ground water Hazardous
Manufact- waste Used oil
uring #2 s Municipal waste Sphera
4L water treatment
H| 7] =4 2] Sphera
'TEE Sphera
A Sphera
Distribut-  3H=2SAF Truck, Euro 4, JP Sphera
ion #2 ol
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Table 3. Characterization model of environmental impact category
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Table 4. Characterization results for the entire life cycle of the EPS
Impact Characterization Raw material Manufacturing Distribution Manufacturi Distribution Total
category factor extraction #1 #1 ng #2 #2
ADP ke Shec 1.32E+03 1.53E+02  143E+01  5.71E+01  4.89E+00  1.55E+03
£ 50-¢q. 85.2% 9.9% 0.9% 3.7% 0.3% 100.0%
AP ke SO 5.78E-01 1.36E-02 1.85E-02  5.07E-03  1.36E-03  6.16E-01
& >Yreq. 93.8% 2.2% 3.0% 0.8% 0.2% 100.0%
Ep ke PO ¢ 5.26E-02 245E-03  2.35E-03  9.00B-04  3.39E-04  5.86E-02
g4 4. 89.7% 4.2% 4.0% 1.5% 0.6% 100.0%
1.22E+02 1.33E+01  1.05E+00  4.76E+00  3.41E-01  1.42E+02
Gwp kg CO>-eq. 86.3% 9.4% 0.7% 3.4% 0.2% 100.0%
4.94E-08 1.33E-10  145B-13  1.05E-10  833E-14  4.96E-08
oppP kg CFCl1-cq. 99.5% 0.3% 0.0003% 0.2% 0.0002%  100.0%
5.31E-02 1.25E-03 1.68E-03  4.61E-04  5.32E-04  5.70E-02
POCP kg CoHe-eq. 93.1% 2.2% 3.0% 0.8% 0.9% 100.0%
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Fig. 2. Characterized environmental impact of the five life cycle
stages
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Fig. 3. Characterized environmental impact of Housing
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Table 5. Input data changed in sensitivity analysis

Change

Stage Items in data
Electricity (kwh) 10%
Manufacturing #1 Waste water (L) 10%
Hazardous waste (kg) 10%
Distribution #1 Logistic distance (km) 10%
Raw material (kg) 10%
Electricity (kwh) 10%
. Ground water (L) 10%
Manufacturing #2 Compressed air (m3/day) 10%
Waste water (L) 10%
Hazardous waste (kg) 10%
Distribution #2 Logistic distance (km) 10%
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Table 6. Sensitivity analysis results

Change in result

Input

data  ADP AP EP PO

CP
Initial - - - - - -
Alt.  0.6% 02% 04% 0.6% 0.002% 0.2%

GWP ODP
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