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Life Cycle Assessment Methodology for a Multi-Component
System

Soung-Jin Kim and Tak Hur
(Department of Industrial Chemistry, Konkuk University, Seoul 143-701, Korea)

ABSTRACT

A multi-component system like an automobile is composed of several thousands of components and
considerable parts of them are fabricated and manufactured outside of the product manufacturers. The
manufacturing and assembly of these products represents a complex chain of processes controlled by a
network of original equipment manufacturers(OEMs) and suppliers. This makes it difficult to get precise
information of a great number of components which are required in order to carry out an LCA study
of a multi-component product system.

In this paper, a practical and systematic LCA methodology for a multi-component systemn, with which
a time and cost effective study can be carried out for a highly complex system is developed. The life
cycle inventory for a multi-component system is established based on the ecological data of modules and
sub-modules by using a combination of top-down and bottom-up approaches.

Key Words : Life Cycle Assessment, Module, Mulit-component system
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Table. 1. Modularization of an automobile

Seat

Consoles
Instrument Panels
Door trim
Headlining

Interior

Bumper
Head/Tail Lamp

Exterio

Suspension system
Steering system

Parts Chassis Brake system

Transmission assembly
Powert | Engine block
rain Clutch system

Floor panel
Body | Side body panel

Metal steel ...
Material | Plastics | LDPE ...

Press shop
Process | Paint shop
| . Surface parts, big parts, i.e. flooy
_€ | I1. big structural parts
-? ° Il structural parts
s [Chu IV. small structural parts
g [N V .additional structural parts,
& —@"ﬁ i.e. reinforcement sheets
4 VI. small parts
NV vil. llest parts, i.e. i
: Vi
) N i
\ P
Number of parts

Fig. 1. Statistical distribution of part weight
for body module.
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Table.2. An example of part list analysis

Module Material Manufacturing process Ancillary substance
No Name Name | Unit | Quantity Name Unit | Quantity | Name | Unit | Quantity
New Car Assembling s 13,200
1 Interior - Assembling. | s .| 3600 |
Injection moldin, 0.3
PVC | g | 40 jection molding | kg
Coating m 54
Forgi 0.15
L1 Seat Steel ¢ 40 o gl.ng kg
Bending m 03
Injection moldi 0.8
PP | g | 1g00 |-oiection molding | kg
12 | Instrument Panels
2 o Extedor | | " - Assembling s 112000

Injection molding | kg 35

PP g 6,000
2.1 Bumper

Glass g 1,000

22 Head Lamp

3 Chassis Assembling s 3,600
Steel g | 12,000 Cutting m 3
3.1 | Suspension system
Al g 500 Extrusion kg 0.4
32 Steering system
4 Powertrain Assembiing s 3,600
a1 Transmission Steel g 1,000 Punching m 14
i assembly
Steel g 120,000 Cutting m 2.3
42 Engine block -
5 - Body Assembling 8 1,200

Steel g 5,000 Pressing, Welding | m 04

51 Floor panel

52 Side body panel Iron g 14,000 Cutting m 16
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Material database Process database
-Heavy/Light metals | | ~Press shop, body works
-Plastics/Elastomers ~Paint shop, assembly
-Glass, Fuel/Fluids -Energy supply chain

Component Component Component
Group Group Group
| Sub-module database j

Fig.2. The models for establishing submod-
ule database.

Process database

- Press shop, body works
- Paint shop, assembly
- Emergy supply chain

Relating data
to umit process
lating data

Relating

Fig. 3. Examining and revising database
through the calculation
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Model A 301

201

Assembly

sub
module
302

sub
module
202

sub
module
302
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203

Automobile model A

Reuse/Recycling H Disposal

Fig. 4. Schematic diagram of LCA method-
ology for a whole automobile.

m. AHElaET

Table. 3. Analysis of a bumper submodule
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Impact Beam
Energy Absorbdr

Fig. 5. Bumper components.

Module Material Manufacturing process Ancillary substance
No Name Name | Unit | Quantity Name Unit | Quantity | Name | Unit | Quantity
Model C
2.1 Bumper Assembling S 180
211 | Energy absorber [LDPE| g | 4560 Imm(flfitlfg
Pressing
212 | Impact beam | Steel | g 8094 Welding
Painting
Injection
213 Fascia PP | g | 4456 | molding
Painting
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Table. 4. Life Cycle Inventory of a bumper

Environmental input/outputs Statistic Chara.cter—
Allo— ization
unit | cation coeftfi= Ir ction of
SM 001 Bumper factor(f) Molume(wm| C'®" o Jyictiibution [1]2]s]a
variation (D)
(g/ 1)
input
Energy
Brown coal kg 1 5.29E 01 0.1 logN
Crude oil kg 1 9.97E +00 0.1 logN
diesel g 1 4.34E +01 0.1 logN
Resources
M8 g 1 2.05E H00 0.1 logN
2 Z R g 1 4.90E 01 0.1 logN
TAYUE g 1 3.05E H00 0.1 logN
23 A g 1 1.03E -01 0.1 logN
4 E o 1 1.29E -02 0.1 logN
YruuRoE o 1 7.04E +00 0.1 logN
Air kg 1 2.47E +01 0.1 logN
Alum o] 1 2.52E +01 0.1 logN
Barite ore and bentonite Kg 1 3.49E 02 0.1 logN
Polymer g 1 1.43E 01 0.1 logN
Process water kg 1 3.17E H01 0.1 logN
Renewable fuels kg 1 5.23E -02 0.1 logN
Sodium chlorid (NaCl) kg 1 4.74E 02 0.1 logN
Materials ’
Lubricant oil kg 1 2.58E 02 0.1 logN
Reinforcement piate kg 1 3.88E 01 0.1 logN
scrap kg 1 1.38E +00 0.1 logN
Emission to air
Ammonia (NH3) kg 1 8.46E 06 0.1 logN
Antimony (Sb) kg 1 9.69E —09 0.1 logN
Arsenic (As) kg 1 1.50E 08 0.1 logN
Ash kg 1 4.10E 02 0.1 logN
Barium (Ba) kg 1 1.16E ~07 0.1 logN
U234 Bg 1 4.27E 03 0.1 logN
U238 Bg 1 3.03E 04 0.1 logN
Vanadium (V) kg 1 1.07E 08 0.1 logN
VOC kg 1 9.58E —02 0.1 logN
Zinc (Zn) kg 1 2.69E <07 0.1 logN
Emission to water
Acids (H30+) kg 1 5.47E 03 0.1 logN
Ammonia {NH3) kg 1 1.43E 05 0.1 logN
Ammonium ions (NH4+) kg 1 2.78E -04 0.1 logN
Anorganic solids dissolved kg 1 4.43E 04 0.1 logN
AOX kg 1 2.26E 08 0.1 logN
Thallium {T1) kg 1 1.94E —12 0.1 logN
TOC
(Total organic kg 1 1.07E -02 0.1 logN
compound)
U Bg 1 1.97E +01 0.1 logN
Vanadium (V) kg 1 2.86E <07 0.1 logN
Zinc {(Zn) kg 1 4.52E 02 0.1 logN
Emission to soil
disused oil kg 1 1.78E 02 0.1 logN
Gypsum (CaSQ4.2H20) kg 1 2.16E 02 0.1 logN
Ash kg 1 5.35E 02 0.1 logN
Ore processing residues kg 1 1.88E -0t 0.1 logN
Overburden kg 1 7.79E +00 0.1 logN
EXHoE g 1 9.49E 01 0.1 logN
Waste
Burntout Uranium (U) kg 1 2.95E -06 0.1 logN
as residue
CaF2 (little radioactive) kg 1 2.48E 06 0.1 logN
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Fig.6. Process tree and system boundary
of bumper.
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Fig.7. Schematic diagram of establishing
bumper database
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