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Abstract : In response to national and international regulations for resource circulation and to reduce greenhouse gas emissions,
the automotive industry has tried to reuse scrap parts and defective products produced in the disposal or production stages as
recycled resources. Attempts have been made to reach the target recycling rate by reducing the number of material types required
for each part. Moreover, in order to achieve greenhouse gas reduction targets while maintaining the performance of existing
products, lighter components are being developed. Existing products were 100% incinerated at the disposal stage, but the
uni-materialized products were improved to be possible that it could be recycled 90% through scraps and the defective product in
the pre-production and production stage. It also appears that the fuel efficiency improves through 56% lightweight compared to
the existing product. In this paper, a preliminary assessment is conducted on the applicability of uni-materialized product
development of car parts. The environmental impact values of existing products and developed prototypes are compared and
analyzed through life cycle assessment.
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Figure 1. Under cover in engine room, (a) existing product, (b) uni-materialized product.
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Table 1. Assessment category of preliminary assessment

Division  |Weighting| No. Assessment category
Environmental 31.5% A-1 | Resource circulation
. . . 0
indicator A-2 | Simplification
B-1 | Market growth
B-2 | Market competitiveness
i B-3 | Market accessibili
Economic ) 6og — Y
indicator B-4 | Productivity
B-5 | Profitability and stability
B-6 | Industrialization of technology
C-1 | Technical excellence
Technical 23.9% C-2 | Technical competitiveness
. . . 0
indicator C-3 | Potential imitation of technology
C-4 | Stability of rights
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Table 2. Criteria of preliminary assessment

A7 71EAIE B A Zlediv] FyaAiet Al
MAdete Blastol Frists, F7PEdes A4 7)ol §

)
L

om 0~5Ho 2 A2 AAsHA "ot Frke] Ayt 41
e SR AN AT ol AR A 3
o st FrIsHA =, ojsjHAAt= sEAlE
g3z o7t 7hssteh
Bt 7R 2 A Y oSl AR E

Z 31 A(Analytic Hierarchy Process, AHP)-& <=~2j 3t
O]U:L ‘7:5]}_ 1_1:]7}- 7(“]’“,‘:_ '.\7:]7]—6‘1—_‘112‘:] ‘@—/1\_}-73_1,}-% 33:]‘_—72—;]
d, 7178l Hs 42 1 O@E 7%
5 Mgafol AE g2 A
710l sl v sk

A48 iloiol o) 8 5 481 A s e
<= Atk Table 3~5+= H7F 5 A 7] 2 Ygo] tfs

;”z
]
mlm
f 10

BAGRE BN, BANY, 71EH o R Tio] Hu, 4

&FE W) AT A1EH o P40l Bk $a4

° A AT, P2 TestE Ao Hul F7} gL
S PR HeatE Bo AUeTHY

O

Score >90 80 <x<90 70 <x<80

60 <x<70 50 =x<60 40 < x <50 40

Division Excellent Very suitability Suitability

Normal Low Very low N/A

Table 3. Assessment category and standard of environmental indicator

Assessment

Division
category

Assessments and standard

Assess whether resource circulation can be improved by unifying uni-materialized products or parts into
recyclable materials or by simplifying the number of materials used.

Resource
circulation

materials are used.

@ A single material is used that is currently recyclable.

(D A single material is used that is only technically recyclable (research and development stage).

(©) A few material types are used, most of which are recyclable.

(@ Many material types are used or materials that are difficult to recycle are used.

() The composition of material types used is complex and either recycling is impossible or composite

05 | 10 1.5

| 20 25

| 30 35 | 40 45 | 50

© @

© ® @

Environmental

% Where there are no data to evaluate, the given standard is zero.

indicator
products and parts.

Assess whether a component can be easily disassembled by simplifying the structures of uni-materialized

Simplification

number of parts increases.

(@ The integrated product structure does not need any additional disassembling (one disassembled part).
(® Disassembly is relatively easy, because the product structure is simple (a few disassembled parts).

(© The number of parts, and disassembling time, could be reduced by simplifying product structure.

(d Product structure is somewhat complex, but the product can be disassembled with general tools.

(® Due to complex product structure, the product is difficult to disassemble with common tools, or the

05 | 10

15 | 20

25 | 30 35 | 40 | 45 | 50

© @

© ® ®

* Where there are no data to evaluate, the given standard is zero.
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Table 4. Assessment category and standard of economic indicator

Division

Assessment
category

Assessments and standard

Economic
indicator

Market
growth

Assess the future potential growth of the target market for uni-materialized products.

(@ The target market is expected to greatly increase due to recent rapid economic growth.

() The target market shows continuous growth, which is expected to continue in the long-term.

(© The growth rate of the target market is gradually increasing and this trend is expected to continue in the
long-term.

(@ The growth of the target market recently stalled; hence, its potential for future growth is uncertain.

(®) The size of the target market is decreasing, and its potential for future growth is very uncertain.

05 | 10 15 | 20 25 | 30 35 | 40 45 |
© @ © ® O]

* Where there are no data to evaluate, the given standard is zero.

5.0

Market
competitiveness

Assess the competitiveness of uni-materialization of products based on market structures, the types of market
leaders, the potential for monopoly, and the potential for excessive competing products.

(@ There is very high potential for industrialization, because there are almost no competitors or competing
products in the target market.

(® There is high potential of industrialization, because there are few competitors and competing products in the
target market.

(©) There are many competitors and competing products in the target market, which is divided among the leading
companies.

(@ There is high competition among companies in the target market, and a strong competitor or competing
product oligopolizes the market.

(©) There is very high competition among companies in the target market, and a strong competitor or competing
product monopolizes the market.

05 | 10 15 | 25 |
© @ ©

* Where there are no data to evaluate, the given standard is zero.

20 3.0 45 |

®

35 ]
®

4.0 5.0

Market
accessibility

Assess the impact of critical external factors, such as economic scale, cost edge, business networks, technical
competitiveness, and regulations and policies to enter the target market for uni-materialized products.

(@ Considering economic scale, cost edge, and sales network, there is a low barrier to entering the market, and
market entry would be easy due to legal and institutional support.

(® Considering economic scale, cost edge, and sales network, there is a low barrier to entering the market, and
there is potential legal and institutional support.

(9 Considering economic scale, cost edge, and sales network, there is not a high barrier to entering the market;
there is neither legal and institutional support nor obstacles.

(@ Due to one element among economic scale, cost edge, sales network, and legal and institutional aspects, there
is a very high barrier to market entrance and therefore, there is a risk to industrialization.

(©Due to complex obstacles caused by economic scale, cost edge, sales network, and legal and institutional aspects,
there is a very high barrier to market entrance and therefore, there is a very high risk to industrialization.

05 | 10 15 | 20 25 | 30 35 | 40 45 |
® @ © ® @

¢ Where there are no data to evaluate, the given standard is zero.

5.0

Productivity

Assess the applicability of existing and new facilities to the production of uni-materialized products and the
stability of procurement and supply of raw materials needed to industrialize the target technology.

(@ Most existing production facilities can be used without modification and a significant portion of the raw
materials can be domestically procured for industrialization.

(® Most existing production facilities can be used without modification and some of the raw materials can be
domestically procured for industrialization.

(9 Existing production facilities need to be supplemented or expanded and most of the raw materials (more than
60%) can be domestically procured for industrialization.

(@ Existing production facilities need to be supplemented or expanded and some of the raw materials (30-60%)
can be domestically procured for industrialization.

(&) New facilities are essential, because existing production facilities cannot be used. Alternatively, only some
of the raw materials (less than 30%) can be domestically procured.
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Table 4. Continued

SRR - S -

L A
Division ssessment Assessments and standard
category
05 | 10 15 [ 20 25 | 30 35 | 40 45 | 50
Productivity ® @ © ® @
%% Where there are no data to evaluate, the given standard is zero.
Assess the variation in profitability of related competitive companies in the market of uni-materialized products
over the past five years.
(@ The business profit of competitive companies over the past five years is much higher than average for the
associated industry, and is stable due to low fluctuation of business margins.
(® The business profit of competitive companies over the past five years is higher than average for the associated
industry, and is somewhat stable due to low fluctuation of business margins.
(©) The business profit of competitive companies over the past five years is similar to the associated industry
Profitability average. N ) ) )
and stability @ The business profit Qf competl?lve companies over the pas't five years Is lower than average for the associated
industry, or fluctuation of business margins is volatile (high uncertainty of generating revenue).
(®) The business profit of competitive companies over the past five years is much lower than average for the
. associated industry, or fluctuation of business margins is very volatile (very high uncertainty of generating
Economic revenue)
indicator
05 | 10 15 | 20 25 | 30 35 | 40 45 | s0
® @ © ® ®
* Where there are no data to evaluate, the given standard is zero.
Assess the elements that must be overcome in the external environment, such as required time for commercializa-
tion of uni-materialized products from a technical perspective, cost, technical troubleshooting, and legal and
institutional aspects.
(@ Mass production stage of business is immediately possible, because there are no technical problems.
~ | ® Business is possible within a year, because there are almost no technical problems.
Industrialization | (©) Business is possible within two years by supplementing technical aspects.
of technology | @ Technical problems need to be solved in order to start technology business.

(©) Business is impossible without developing additional technology.

05 | 10 15 | 20 25 ]
® @ ©

% Where there are no data to evaluate, the given standard is zero.

30 35 | 40 45 | 50

®

Table 5. Assessment category and standard of technical indicator

A Assessment
Division Assessments and standard
category
Assess the relative technical excellence of the competition after understanding existence and level of competing
technologies in the market of product uni-materialization.
(@ Compared to competing technologies, the unique attributes of the product are relatively very strong, and it
is difficult to find comparable technology.
) (® Compared to competing technologies, the unique attributes are relatively strong.
Technical (© Compared to competing technologies, features and performance are similar.
excellence | (@) Compared to competing technologies, the unique attributes are relatively insufficient.
Technical (&) Compared to competing technologies, the unique attributes are relatively weak.
indicator 05 | 10 15 | 20 25 | 30 35 | 40 45 | 50
© @ © ® @
* Where there are no data to evaluate, the given standard is zero.
After understanding competing technologies, a number of related and similar technologies, and competitive and
Technical complementary relationships between technologies in the product uni-materialization market, assess whether
competitiveness | competition or complementary relationships between similar or related technologies would positively or

negatively impact the value of current technology.
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Division

Assessment
category

Assessments and standard

Technical
indicator

Technical
competitiveness

@) There is a very small risk to business associated with current technology, because there is almost no
competition and technical excellence can be easily maintained with sufficient complementary technologies.

(® There is a small risk to business associated with current technology, because its technical excellence can be
easily maintained and there are few similar technologies, although competition does exist.

(© Althoughthe number of similar technologies and level of competition are typical, caution is required for
business associated with current technology in the future.

(@ There may be obstacles to business associated with current technology, because there are many similar
technologies and strong competition.

(&) There may be very high risks for business associated with current technology, because there are numerous
similar technologies and strong competition.

05 | 15 25
®© @ ©

* Where there are no data to evaluate, the given standard is zero.

1.0 2.0 3.0 35

®

4.0 4.5 5.0

@

Potential
imitation of
technology

Assess ability required to imitate technology, based on the potential to imitate uni-materialized products and
current technology, and the potential to imitate based on external public data or through reverse-engineering.

(@ Business risk is very small, because the accumulation of advanced technology makes it almost impossible
to imitate for a considerable period.

(® Business risk is small for a considerable period, because technical imitation is difficult.

(© Technical imitation is not easy, and imitation would not greatly damage current profit and prospective future
profits.

(@ Prospective future profit may be reduced, because technical imitation is relatively easy.

(©) Business establishment is dangerous, because technical imitation is easy.

05 | 15 25
© @ ©

* Where there are no data to evaluate, the given standard is zero.

1.0 2.0 3.0 3.5

®

4.0 4.5 5.0

©)

Stability of rights

Assess the legal stability of rights to patents related to uni-materialized products and current technology.

(@ Stability of rights is very high, because there is no similar prior technology and even if there is, the risk of
conflict regarding possessed rights is very low based on prior patent analysis.

( Stability of rights is high, because based on prior patent analysis the risk of conflict regarding possessed rights
is low although there are few similar prior technologies.

() There are many similar prior technologies, and there is potential for limitation of possessed rights based on
prior patent analysis.

(d There are many similar prior technologies and the risk of conflict regarding possessed core rights is high based
on prior patent analysis.

(® There are many prior technologies identical to the current technology and the risk of conflict regarding
possessed core rights is very high based on prior patent analysis.

05 | 15 25
®© @ ©

% Where there are no data to evaluate, the given standard is zero.

1.0 2.0 3.0 35 4.0

®

4.5 5.0
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Figure 3. System boundary of the uni-materialized product.
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Cooling makeup water kg 9.64 Table 7. Emission coefficient passenger car (large) in pollution
Electricity usage kWh| 238 source [13]
Scrap kg 0.15 Pollutant Velocity Calculation
Output waste lubricating oil kg | 0.00 co V = 65.4km h‘l1 51.4(2)82XV('°‘7728)
Vapor kg 9.64 V>654kmh (8x107)V~-0.0127 V+0.5751
Total weight of component | kg | 2.932 voc V <654kmh’ 0.0633x V<0489
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Table 8. Inventory data of use in existing product (/functional unit)

Life-cycle | 1/O Resource Unit | Existing product
Unde.r cover in ke 2 844
Input engine room
Gasoline kg 19.24
Carbon dioxide | kg 53.32
Use Methane kg 0.02
Nitrous oxide kg 0.01
Output
CO kg 15.89
VOC kg 0.28
Nitrogen oxides | kg 2.87

FYELES A sof ek olof =W FAAAA A 2AF
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20149 % Hi FH&E(30.7 kmh')E Zg3to] 7e} &
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Table 9. Inventory data of pre-production and production in uni-
materialized product (/functional unit)

Life-cycle | /O Resource Unit | Quantity
Polypropylene kg | 0.885
EPDM kg | 0316
Bamboo kg | 0.316
CaO kg | 0.076
Graft polypropylene kg | 0.126
Bamboo charcoal
(activated carbon) kg | 0063
Magnesium silicate
Input hydroxide (TALC) kg | 0051
Sodium silicate kg | 0.051
Pre- .
production Etc (4 materials) kg | 0.058
Non woven kg | 0.004
Defective product (recycling)| kg | 0.102
Cooling makeup water
(industrial water) kg | 0350
Electricity usage kWh| 0.668
Bamboo composite resin | kg | 1.945
Vapor kg | 0.350
Output | Defective product (recycling)| kg | 0.102
Defective product
(Incineration) kg | 0.0004
Bamboo composite resin | kg | 1.945
Input Lubricant oil kg | 0.003
Electricity usage kWh| 0.52
Production i i
Under. cover in engine room ke | 1264
of uni-materialized product
Output Waste lubricating oil kg | 0.003
Scrap and defective product | kg | 0.681




Table 10. Inventory data of use in uni-materialized product
(/functional unit)

Life-cycle | 1/0 Resource Unit uni-materialized
product
Unde.r cover in ke 1264
Input engine room
Gasoline kg 8.549
Carbon dioxide | kg 23.697
Use Methane kg 0.009
Nitrous oxide kg 0.003
Output
CO kg 7.06
VOC kg 0.12
Nitrogen oxides | kg 1.28
e AR RS 7IEAIE 22 e R APk e
A& Q1 A4t 242 Equation (3)3F (4)°ll 714 sFATt.

Total gasolin consumption =

15,914 km L
X X = .
10 year Jear 9.05Fm 17,584.53 L 3)

Gasoline consumption of the product =

1.264 kg L

17,584.53 L ¥ =
T3 L X e kg~ 075 ko

R ARl ogt ti7] viEES SR ARl A
stof 7] EAFONA AR AR
EFZ A5Gk ol AXE AHAHE wA s}
A g AW L ask o] Y
Table 100] $U4AS AE ALg Ao gt £AAHE
tlolEl & 553U Table 100] AAISH FQA/ALE TlolE =
7]—'—7‘1&: & 5T 9A Equation (3)7F (4)oll A AR
F AF&-=, IPCC guideline 20069 4] A|&5t+= 37 A
O3t 2AZEA WS A4 L2 aL Table 79 7| A3 b=
=4 &% A4S S8 AbESHT
EAEL #H7|eF g WAAES AHE-gol 7hsst
AlFo] B AFE] 90%7HA] A&-go] 7hssh L]
10%+= 27t A 23t

N
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2.4. M-Ik 7 (Life cycle impact assessment, LCIA)
o] AtollA A-&5t e FFHF= AYLHE[14-17], A+
2 SH 18], 2EFFH19], 4H33H20,21], FFFH20], &
stshy AbsHE 44 21,22]4 67FA] o tt.
7131—'1"& S AFG SRRl A AlQkeE FEFE Y
8 2 ANA A olfrE WeET FA
l FEFH 7L YHEL B4lo] o]Fol X A2t
29| IPCC 2013 3FH 7} HH=ES
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Table 118 7| 24|57} ALAE] 44 2 T2 A4 o)
siA Attt 7]EAEY] AeA dXE ddAHE 5719
Hzog AAEo] glon, FQ FALAE Glass fiber (GF)
7} 3Z3HE polypropylene (PP)2} thermoplastic poly urethane
(TPU) BEo= FAHe] ook $F A THL Glass fiber
7t ERE PP A, TPU BES W, 4 A
€ ot 292 sk, AMEE Sl 7R AR 3 Aed
ol ; A &‘ﬁg sko] A2 ZHERieh vbdo] At

NAEL 29 RECR P4E 0], shfe] PPA bR 2
AR FIR AAE A T 2L S B
240l weshac

v‘%ixﬁﬂ A M 3l 249 F7 5 Ads
i, 37 @bt ks st, &0 Hrld A oA k=
AEe Aol 7Hestes & = Utk

A5} AANE ALA fULAE AE ARE A

-
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Table 11. Changes of the existing product and uni-materialized product

Improvement of material Improvement of structure
Component
before before after
PNL under cover PP + GF30 o )
Injection molding

Under cover front PP+ GF30

Insulator-under cover front 1 PP Bamboo comp gs;; Press forming
resii compose Shot, hardening, gas removal,
Insulator-under cover center /Isocyanate .
ITPU Fil de-moulded, hole punching

Insulator-under cover front 2 tim
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Table 12. Results of assessment category in preliminary assessment

olgk

il

o
K

Division Weighting | No. Assessment category Score (/5 points) | Score (weight consideration)
. Lo A-1 Resource circulation 2.67 0.42
Environmental indicator 31.5% — -
A-2 Simplification 4.50 0.71
B-1 Market growth 3.67 0.27
B-2 Market competitiveness 4.00 0.30
o B-3 Market accessibility 4.67 0.35
Economic indicator 44.6% —
B-4 Productivity 4.67 0.35
B-5 Profitability and stability 2.50 0.19
B-6 Industrialization of technology 4.00 0.30
C-1 Technical excellence 3.67 0.22
o C-2 Technical competitiveness 3.83 0.23
Technical indicator 23.9% —
C-3 Potential imitation of technology 3.50 0.21
C-4 Stability of rights 4.33 0.26
Score of 100 points 76.67 75.83
Result Suitability
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Table 13. Life Cycle Impact Assessment methodology

371 A3 7k 37 JFHFEE FH YT
Aol Aol e 4 glow, 7k HEdHa 37 dgf
& Table 140 =55}% 11, Figure 494 = 7N A&& et

Impact categories Unit Impact assessment methodology

. . B EIA, International Energy Annual 2000, 2002, U.S. Geological Survey
Abiotic Resource Depletion (ADP) kg yr (USGS) 2001~2002
Global Warming (GWP) kgCO»-eq IPCC 2013
Ozone layer Depletion Potential (ODP) kgCFCll-eq | UNEP, 2002

o . Approach: Problem oriented approach (CML, 1999), reference: AP
Acidification (AP) keSOed | (Hauschild & Wenzel (1998))
Eutrophication (EP) kgPO,eq Heijung et al, 1992
Photochemical Ozone Creation Potentials (PCOP) | kg ethylene-eq | POCP (Jenkin & Hayman, 1999; Derwent et al. 1998; high NOx)




Table 14. Results of environmental impact assessment in existing
product and uni-materialized product

Total environmental Existing Uni-materialized
impact product product
ADP (1/yr) 6.01E-01 2.86E-01
AP (kg SOz-eq) 1.51E-02 5.81E-03
EP (kg POs”-eq) 2.64E-03 1.11E-04
GWP (kg CO»-¢q) 6.51E+01 2.92E+01
ODP (kg CFC 11-eq) 1.56E-03 3.25E-07
POCP (kg ethylene-eq) 4.35E-01 1.91E-01

racterization Factor)& 3 —s}oq Table 140f 7| A= o] 3= 27
oo = $ASFS Astch o]l ANAH7INA &
A Q{Characterlzatlon)ola}jl 3l o}a Equation (5)& 3
Artg wE

CIL= ECIMZ ELoade equ; ; 5)
Cly =) Bsago] WA Jarel nAE 545
= 37 o 3¥(characterized impact)?] 371, g x-eq/fu

53] 2 olp7t HaL Sl 719 G2 552%, A

17k 524% NAES Holal 9lomn, Figure 404 F
FRFo] tiet 7EAEFS AAIEY EE IS Lz A

Al weRRlek

Figure 45 &3l 7]EAE thiv] AlAIES] A 5l 2]+
= @r FEFo] M= UZS AU 53] ARETEA oA
s8] 37 AE HL sels 4= glon, o] 7|ZA|
=y

Ol

U o= S B

ol AAES] S S5 6% AHE] A <AL
of JFE & aglojeta g 4 gick Z AF Aulzk AAE

o whe} $ukg ALgeFo] A glon, o AAn X

100.0% 95.8% o
90.0%
80.0%

10.0% 61.4%

60.0%  524% 55.2% 56.2%
50.0%
40.0%
30.0%
20.0%
10.0%
0.0%

ADP AP EP poCP

Figure 4. Rate of improvement of environmental impact category.
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100%

80%
60%
40%
20%
0% _ — —
ADP AP EP GWP

-20%

m Pre-Production m Production mUse = Disposal

Figure 5. Contribution analysis of the environmental impact based
on life-cycle.
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Table 15. Environmental impact of production (waste treatment)
and disposal

Production Disnosal
] (waste treatment) P
Total environ- . ;
mental impact Existing U?l_. Existing U?l_~
oduct materialized Foduct materialized
p product P product
(’?gf) 5.12E-05| 143E-05 |1.66E-03| 9.02E-05
AP
(kg SOncq) | 221E05 | 19506 | T.16E-04| 3.12E-05
EP
(kg PO q) | BAE-08| LOSE-07 |273E-06| 1.25E-07
(kg%‘gl’eq) 1.10E-02| 4.1SE-03 |3.57E-01| 2.07E-02
.
ke CgCDI; gy | TT7E10| T39E-12 |2SIE08| 1.10E-09
e etIL (y)ge_eq) 1.31E-06| 3.09E-08 |4.25E-05| 1.88E-06
100.00%
80.00%
60.00%
40.00%
20.00%
0.00% -
(A (kgSO2-eq)  (kgPO43-eq)  (kgCO2-eq)  (kgCFC11-eq) (kg ethylene-eq)
-20.00%

W Production (waste treatment) W Disposal

Figure 6. Rate of improvement of the production (waste treatment)
and disposal.
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