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Life Cycle Assessment on the Interior Panel of Electric Motor Unit (EMU)
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Abstract

The sustainable development is a key issue in the whole field of economy, culture and society, which can be
accomplished by the improvement of environment. Recently, life cycle assessment(LCA) has been applied to reduce
environmental impacts preliminarily by evaluating the environmental performance of a product through its life cycle.
In this study, life cycle assessment was performed to analyze quantitatively the environmental impact on the interior
panel of electric motor unit(EMU). As a result, the interior panel with aluminum showed the most global
warming(GW), while that with phenol and plastic showed high fresh water aquatic ecotoxicity(FAET) and marine water
aquatic ecotoxicity(MAET), respectively. Global warming was occurred mainly due to the emission of CO, by energy
consumption. FAET and MAET were caused by the pollutants released from acid-washing and paints coating process.
Therefore, an environmental-friendly EMU can be designed considering the environmental impacts of interior panel.
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Table 1. Function and functional unit of interior panel
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Fig. 1. System boundary of aluminum interior panel
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Fig. 2. System boundary of phenol interior panel
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Fig. 3. System boundary of FRP interior panel
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Table 2. Life cycle inventory of aluminum interior panel

8 BYE(HY) 4 WEE@ANEE
—

e w4 [as] =9 xr% media
Natural gas 1.13E+01 | kg INPUT | Resource | Soil
Coal 1.02E+01 | kg INPUT | Resource | Soil
Crude oil 2.00E+00 | kg | INPUT | Resource| Soil
Bauxite(ALOs) 1.72E+00 | kg INPUT | Resource | Soil
Hard coal 5.30E-01 | kg | INPUT | Resource | Soil
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Table 3. Life cycle inventory of phenol interior panel

T8 EUEAY) 2 EEEANED)
270 =4 o) Eo 24l | media

Tin ore 7.08E+01 | kg | INPUT |Resource| Soil
Crude oil 3.88E+01 [ kg INPUT | Resource | Soil
Natural gas 3.02E+01 | kg INPUT | Resource [ Soil
Limestone 1.44E+01 | kg | INPUT |Resource| Soil

Sodium chloride(NaCl) | 1.07E+01 | kg | INPUT | Resource} Soil
Soft coal 7.63E+00 | kg INPUT | Resource | Soil

Hard coal 4.64E+00 [ kg INPUT | Resource | Soil

Coal 3.28E+00 | kg INPUT | Resource | Soil

Iron ore 1.58E+00 | kg INPUT | Resource | Soil
Nitrogen(N) 2.16E-02 | kg | INPUT |Resource | Air
Exhaust 4.21E+02 | kg | OUTPUT | Emission | Air

Carbon dioxide(COy) | 1.26E+02 | kg | OUTPUT | Emission | Air

Vapor 9.64E+01 | kg | OUTPUT | Emission | Air

Waste water

Chloride(CI')

1.12E+03 | kg | OUTPUT | Emission | Water
1.26E+00 | kg | OUTPUT | Emission | Water

Table 4. Life cycle inventory of FRP interior panel

Aluminium scrap 4.03E-01 | kg | INPUT | Resource | Soil

F8 FUEY) ¥ ESHEED)

Limestone 8.12E-02 | kg | INPUT | Resource | Soil =214 = = 29| A4 | media

Iron ore 7.52E-02 | kg | INPUT | Resource | Soil Tin ore 1.14E+03 | kg | INPUT |Resource| Soil

Soft coal 6.23E-02 | kg | INPUT | Resource | Sail Sodium chloride(NaCl) | 7.25E+02 | kg | INPUT [Resource| Soil
Carbon dioxide(CO,) | 3.47E+01 | kg | OUTPUT | Emission | Air Crude oil 5.69E+02 | kg INPUT |Resource| Soil
NMVOC 1.71E-01 | kg | OUTPUT | Emission | Air Soft coal 5.42E+02 | kg INPUT [Resource| Soil
Sulfur oxides(SOx) 1.01E-01 | kg | OUTPUT | Emission | Air Hard coal 5.33E+02 | kg INPUT [Resource| Soil
Nitrogen oxides(NOx) | 8.81E-02 | kg | OUTPUT | Emission | Air Natural gas 4.536+02 | kg | INPUT |Resource| Soil

Hydrocarbons 5.99E-02 | kg | OUTPUT | Emission | Air Coal 331E401 | kg INPUT  |Resource| Soil
Vapor 4.05E-02 | kg | OUTPUT | Emission | Air Iron ore 2.49E+01 | kg INPUT |Resource| Soil
Exhaust 3.67E-02 | kg | OUTPUT | Emission | Air Limestone 2.41E+01 | kg INPUT |Resource| Soil
Dissolved solids 1.89E-01 | kg | OUTPUT | Emission | Water Exhaust 8.73E+03 | kg | OUTPUT |Emission| Air

Chloride(CI') 8.21E-02 | kg | OUTPUT | Emission | Water

Hydrogen chloride(HC!) | 4.54E-02 | kg | OUTPUT | Emission | Water

Vapor 4.07E+03 | kg | OUTPUT |Emission| Air

Carbon dioxide(CO,) | 2.42E+03 | kg | OUTPUT |Emission| Air

Sulfate(SOs™) 1.77E-02 | kg | OUTPUT | Emission | Water

Waste water 7.24E+04 | kg | OUTPUT |Emission| Water

Waste water 1.35E-02 | kg | OUTPUT | Emission | Water

Chloride(CI") 2.198+01 | kg | OUTPUT |Emission| Water
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Fig. 4. Contribution of environmental impacts with impact category
in aluminum panel
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Table 5. Key inventory parameter with impact category in aluminum panel

S HE £ CI NI Wil 7oz
. N Crude oil 4.96E-02 1.994E-06 4.605E-07 46.57%
AR B 7 oz
Rt fAI]{B) e Coal 4.70E-02 1.889E-06 4.363E-07 44.12%
Bauxite(ALOs) 9.30E-03 3.733E-07 8.623E-08 8.72%
AR 3} Nitrogen oxides(NOx, 6.17E-02 1.550E-06 5.578E-08 46.88%
(AD) Hydrogen chloride(HCI) 3.99E-02 1.003E-06 3.610E-08 30.34%
((AD) Sulfur dioxide(SO2) 2.98E-02 7.482E-07 2.694E-08 22.63%
PAH 3.11E-02 8.597E-07 1.238E-07 83.19%
FASA - ;
(FAET) Nickel(Ni) 2.70E-03 7.468E-08 1.075E-08 7.23%
Vanadium(V) 1.04E-03 2.875E-08 4.140E-09 2.78%
Hydrogen fluoride(HF) 9.22E+01 1.190E-06 1.833E-07 84.07%
S FEA Vanadium 7.33E+00 9.454E-08 1.456E-08 6.68%
B LA (V)
(MAET) Nickel(Ni) 2.97E+00 3.837E-08 5.908E-09 2.71%
Vanadium(V) 3.99E-04 3.355E-08 7.248E-09 76.74%
EFEA ——
(TED) Nickel(Ni) 9.18E-05 7.716E-09 1.667E-09 17.65%
Arsenic(As) 2.28E-05 1.912E-09 4.129E-10 437%
o otors Nitrogenous matter 1.05E-04 7.991E-09 3.037E-10 48.90%
T(Eu‘:)ﬂ COD 8.77E-03 6.696E-09 2.544E-10 40.97%
Phosphrous matter 1.26E-05 9.583E-10 3.642E-11 5.86%
Carbon dioxide(COz) 3.47E+01 6.266E-06 1.805E-06 97.45%
A-2dst
(GW) Methane(CH.) 7.22E-01 1.305E-07 3.759E-08 2.03%
Nitrous oxide(N;O) 1.87E-01 3.382E-08 9.740E-09 0.53%
PAH 9.87E-01 6.63E-07 6.957E-08 94.43%
ATEA , -
D) Nickel(Ni) 2.77E-02 1.860E-08 1.953E-09 2.65%
Hydrogen fluoride(HF) 6.45E-03 4.330E-09 4.547E-10 0.62%
) Chlorine(Cly) 2.11E-06 5.200E-08 1.518E-08 92.76%
&S 9
oD) Halon-1301 1.62E-07 3.990E-09 1.165E-09 7.12%
CFC-114 2.83E-09 6.973E-11 2.036E-11 0.12%
Sulfur dioxide(SO) 1.43E-03 1.201E-07 7.808E-(9 42.95%
FeetilshE ;
®00) Carbon monoxide(CO) 4.12E-04 3.460E-08 2.249E-09 12.37%
Methane(CHa) 2.06E-04 1.733E-08 1.126E-09 6.20%
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Table 6. Key inventory parameter with impact category in phenol panel
Impact category Materials CI NI WI Contribution
Crude oil 9.62E-01 3.865E-05 8.928E-06 95.90%
DNEZ)Q) 717h
B ‘E?:I]{g) = Coal 1.51E-02 6.065E-07 1.401E-07 1.50%
Baryte(BaSO;) 1.41E-02 5.668E-07 1.309E-07 1.41%
Sulfur dioxide(SO;) 1.69E-01 4.258E-06 1.533E-07 47.56%
AFALS
EA%? Nitrogen oxides(NOx) 1.67E-01 4.200E-06 1.512E-07 46.91%
Hydrogen sulfide(H.,S) 1.82E-02 4.583E-07 1.650E-08 5.12%
PAH 5.44E+00 1.504E-04 2.166E-05 94.94%
A= Nickel(Ni 1.26E-01 3.487E-06 5.021E-07 2.20%
(FAET) ickel(Ni) .26E- . - . - 20%
Phenol 5.52E-02 1.525E-06 2.196E-07 0.96%
; Hydrogen fluoride(HF) 3.69E+03 4.758E-05 7.327E-06 81.98%
rsa :
+ - - .869
(MAET) Vanadium(V) 2.64E+02 3.403E-06 5.240E-07 5.86%
Barium(Ba) 1.61E+02 2.080E-06 3.203E-07 3.58%
Vanadium(V) 1.44E-02 1.208E-06 2.609E-07 74.51%
EEA
(TET) Cobalt(Co) 1.28E-03 1.075E-07 2.321E-08 6.63%
Arsenic(As) 1.18E-03 9.906E-08 2.140E-08 6.11%
. Nitrate(NO3") 3.28E-03 2.501E-07 9.504E-09 54.28%
H.oloks
T(Eu‘;)g} COD 1.64E-03 1.250E-07 4.751B-09 27.13%
Ammonium(NH,") 4.64E-04 3.539E-08 1.345E-09 7.68%
Carbon dioxide(COy) 1.26E+02 2.274E-05 6.550E-06 94.44%
R %
GW) Methane(CH.) 6.55E+00 1.185E-06 3.412E-07 4.92%
Nitrous oxide(N2O) 8.43E-01 1.525E-07 4.392E-08 0.63%
PAH 5.59E+01 3.754E-05 3.941E-06 96.25%
A7
(HT) Benzene 4.26E-01 2.861E-07 3.004E-08 0.73%
Nickel(Ni) 2.63E-01 1.767E-07 1.856E-08 0.45%
Chlorine(Cl,) 5.55E-05 1.366E-06 3.989E-07 61.13%
°&% s
L( (;D) Halon-1301 3.47E-05 8.539E-07 2.493E-07 38.21%
HCFC-22 6.01E-07 1.481E-08 4.325E-09 0.66%
Sulfur dioxide(SO3) 8.13E-03 6.836E-07 4.443E-08 31.63%
ok sHE
(POC) Ethane 2.35E-03 1.975E-07 1.284E-08 9.14%
Methane(CHs) 1.87E-03 1.573E-07 1.023E-08 7.28%




U8 - oY - 5L

s

522 UAEEUY=FH F9A M52 20063

Table 7. Key inventory parameter with impact category in FRP panel

Impact category Materials CI NI WI Contribution
Crude oil 1.59E-02 6.378E-07 1.473E-07 96.48%
ARD Iron ore 2.12E-04 8.521E-09 1.968E-09 1.29%
Baryte(BaSO.) 1.93E-04 7.748E-09 1.790E-09 1.17%
Sulfur dioxide(SO,) 3.97E-03 9.963E-08 3.587E-09 54.20%
AD Nitrogen oxides(NOx) 3.13E-03 7.857E-08 2.828E-09 42.74%
Hydrogen sulfide(H.S) 1.86E-04 4.673E-09 1.682E-10 2.54%
PAH 8.54E-02 2.360E-06 3.398E-07 92.92%
FAET Nickel(Ni) 2.22E-03 6.138E-08 8.839E-09 2.42%
Vanadium(V) 1.26E-03 3.476E-08 5.006E-09 1.37%
Hydrogen fluoride(HF) 1.27E+02 1.643E-06 2.530E-07 86.87%
MAET Vanadium(V) 4.46E+00 5.761E-08 8.872E-09 3.05%
Selenium(Se) 3.07E+00 3.961E-08 6.099E-09 2.09%
Vanadium(V) 2.43E-04 2.045E-08 4.417E-09 69.25%
TET Arsenic(As) 5.12E-05 4.300E-09 9.289E-10 14.56%
Nickel(Ni) 1.65E-05 1.384E-09 2.990E-10 4.69%
COD 1.03E-04 7.894E-09 3.000E-10 4.70%
Eut Ammonium(NH;") 1.21E-05 9.226E-10 3.506E-11 9.81%
Phosphate(PO,”) 4.81E-06 3.675E-10 1.397E-11 3.91%
Carbon dioxide(CO,) 2.72E+00 4.918E-07 1.416E-07 94.80%
GW Methane(CHa) 1.25E-01 2.265E-08 6.523E-09 4.37%
Nitrous oxide(N>0) 2.27E-02 4.111E-09 1.184E-09 0.79%
PAH 8.83E-01 5.929E-07 6.225E-08 93.27%
HT Arsenic(As) 1.11E-02 7.422E-09 7.793E-10 1.17%
Hydrogen fluoride(HF) 8.91E-03 5.979E-09 6.278E-10 0.94%
Chlorine(Cl,) 2.16E-05 5.322E-07 1.554E-07 96.29%
OD Halon-1301 5.47E-07 1.346E-08 3.931E-09 2.44%
HCFC-22 1.69E-09 4.151E-11 1.212E-11 0.01%
Sulfur dioxide(SOz) 1.90E-04 1.599E-08 1.040E-09 36.91%
POC Ethane 3.60E-05 3.023E-09 1.965E-10 6.97%
Methane(CHa) 3.58E-05 3.007E-09 1.955E-10 6.94%
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Fig. 6. Contribution of environmental impacts with impact category
in FRP panel
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