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Abstract : A various methodologies like eco product design, recycling, remanufacturing have been proposed for the increase of
resource recirculation and energy saving worldwide. Uni-materialization in this paper, one of measures is presented. Uni-materiali-
zation is defined as the unification or simplification of material that is easy resource recycling and reduce waste generation at source
during product design, manufacturing, delivery, use and disposal. This study developed calculates the qualitative and quantitative of
assessment index for evaluating target products applicable uni-materialization. There are 9 assessment articles considered econo-
mic performance, technological property and environmental property and a study on target product applied assessment indexes. As
aresult it is possible for 3 target products to apply uni-materialization product except for a window blind, and the concrete concept
of uni-materialization for improving objectivity of assessment index and the consideration of industrial distinct character are needed.

Keywords : Uni-materialization, Unification of material, Simplification of material, Eco design, Eco product
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*The possibility of screening

Primary . .
qualitative ~ *Subjective evaluation
evaluation  <Weights applied

v

Data collection

\/

*Decision of uni-materialization product
(Criteria : more than 58.5 points)

Secondary .
quantitative *Utilizing assessment tools
evaluation (LCA, LCC)
*Weights applied
\'%

Uni-materialization development
and product applications

Figure 1. Uni-materialization assessment flow.
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Table 1. Qualitative assessment index of uni-materialization

Table 2. Assessment weight and criteria of uni-materialization

Cat. Assessment Assessment rating Indicators
index
Improvement Recyclability( 1)
of resource | good []fair [Jpoor| Disassembility (1)
recirculation Variety of material ( )
Reduction Using hazardous
ENI | of hazardous | [] good [] fair [] poor g
substances( | )
substances
Reduction of Using greenhouse
greenhouse |[]good [ fair [] poor £&
gases( )
gases
Patent application ( 1)
Competi- . Technical standard( 1)
tiveness [ good L fair L poor Technology certification
M
Cost of raw
materials( | )
ECI CosF [ good [ fair (Jpoor| Production cost( )
reduction
Cost of waste
treatment( )
Market size( 1)
hﬁiﬁg [ good [ fair [] poor Market growth
£ potentiality( 1)
Technology . Technology expansion
expansion D good [ fair [Jpoor & application( 1)
Technology Original
ability & . technology ( 1)
production [ good [ fair [Jpoor Extension of
I capacity facilities( | )
[J A Short Term
(1~3years)
Technology | (] The middle Term Application
completion (3~5years) time( })
[0 A long Term
(Syears~)

*The direction of the arrow means higher score.
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Code| Cat. Assessment index Weighting (%) | Pass grade
A Improvement of 150 0.50
resource recirculation
A2 |ENI Reduction of 5.0 0.10
hazardous substances
A3 Reduction of green- 5.0 0.10
house gases
B-1 Market competitiveness 20.0 0.80
B-2 | ECI Cost reduction 15.0 0.30
B-3 Market growth 15.0 0.38
C-1 Technology expansion 15.0 0.45
c2 | T Technolqu ablhty & 3.0 0.09
production capacity
C-3 Technology completion 7.0 0.21
2.93
Sum total 100.0 (58.6/100)
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Table 3. Qualitative assessment index for environment[9,10]

1. Improvement of resource recirculation

Score |Recyclability Disassembility Variety of material
Use . . Materials unification
Disassemble into .
5.0 | recyclable . . rate is more than 50
. single material . .
materials % or single material
Materials unification
4.0 - - rate is above 30%
and under 50%
Impossible to
disassemble into single
material, but good |Materials unification
3.0 - material compatibility | rate is above 10%
(but plastic material and under 30%
shall be composed of
under 2 materials)
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Materials unificati

2.0 - - on rate is above 1%
and under 10%
I ible t . .
Use . mpossib e Materials unification
1.0 |unrecyclable| disassemble into .
. . . rate is less than 1%
materials single material

2. Reduction of hazardous substances

40 Above 7% and Above 7% and Above 7% and
’ under 10% under 10% under 10%
30 Above 4% and Above 4% and Above 4% and
’ under 7% under 7% under 7%
20 Above 1% and Above 1% and Above 1% and
’ under 4% under 4% under 4%
1.0 Under 1% Under 1% Under 1%

3. Market Growth

Score Criterion Notes
Not contained legal hazardous subs-
5.0 | tances and authorization list (REACH
Regulation)
Not contained legal hazardous subs-
4.0 |tances but contained one authoriza-
tion list The acceptable level
Not contained legal hazardous subs- | of authorization list
3.0 |tances but contained two authoriza- | can be adjusted de-
tion lists pending on produc-
Not contained legal hazardous subs- tion and/or industry
2.0 |tances but contained three authoriza-
tion lists
1.0 | Contained legal hazardous substances

3. Reduction of greenhouse gases

Score Market size Market growth potentiality
5.0 More than 10% of the More than 10% of average
’ entire industrial scale annual growth rate
40 Above 7% and under 10% |Above 10% and under 20% of
" | of the entire industrial scale | average annual growth rate
30 Above 4% and under 7% of | Above 1% and under 10% of
’ the entire industrial scale | average annual growth rate
0 Above 1% and under 4% of Under 1% of average
’ the entire industrial scale annual growth rate
5 -
10 Und§r 10 A].Of the entire Negative growth
industrial scale
Table 5. Qualitative assessment index for technology[11,12]

Score Criterion
5.0 | Reduction rate of greenhouse gases emissions : more than 31% I Technology Expansion
- . S Criteri

40 Reduction rate of greenhouse gases emissions : above 21% core fiterion

: and under 31% 5.0 | Technology expanded to other manufacturing industry
3.0 Reduction rate of greenhouse gases emissions : above 11% 4.0 | Technology expanded to similar manufacturing industry

" | and under 21% 3.0 | Technology expanded to products with similar features
20 Reduction rate of greenhouse gases emissions : above 1% 2.0 | Technology expanded to similar products

and under 11% 1.0 | Technology applied to specific model

1.0 | Reduction rate of greenhouse gases emissions : less than 1%

Table 4. Qualitative assessment index for economy

2. Technology Ability & Production Capacity

Score

Technology ability Production capacity

1. Competitiveness

All materials and processing

technologies are their own ori- | Existing facilities can be

Score Criterion
50 Complete conformity to national certification of technology
" | and product
40 Part of conformity to national certification of technology
" | and product
3.0 Complete conformity to a third party certification of tech-
" | nology and product
20 Part of conformity to a third party certification of technology
" | and product
No conformity to national certification of technology and
1.0 | production or negative effect on other technology and pro-

duct certification

2. Cost Reduction

Score

Reduction rate of
waste treatment cost

Reduction rate of
production cost

Reduction rate of
raw material cost

5.0

More than 10% | More than 10% More than 10%

>0 ginal technology and Patent re- | completely used.

gistration is available.

Most of materials and process-

ing technologies are their own | Little complement or ex-
4.0 | original technology and avail- | pand existing facilities is

able to the rest of the domestic | required.

technology.

All materials and processing | Little complement or ex-

technologies are available to | pand existing facilities is
3.0 . .

the rest of the domestic techno- | required and some new fa-

logy. cilities are needed.

Some materials and process- | Little complement or ex-
0 ing technologies are dependent | pand existing facilities is

" | on the foreign technology intro- | required and most of new

duction. facilities are needed.

All materials and processin, i o

technologies are degendent 01% Existing facilities cannot
1.0 be completely used and all

the foreign technology intro-

. new facilities are needed.
duction.
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3. Technology Completion

Score Criterion

5.0 | * Production and commercialization stage

4.5 | * Production-ready stage

4.0 | * Prototype standardization and certification steps

* Prototype fabrication and performance evaluation

* Excellent prototype developed in more than one without
considering the economic efficiency (productivity)

* Securing production technology, system integration te-
chnology

* Most of R&D projects determined to be successful

35

* Prototype fabrication and performance evaluation with
considering the economic efficiency (productivity)

3.0 | * Evaluating the performance of prototype production fa-
cility with conformity of a third certification authority

* Prototype performance evaluation

* Prototype of reliability assessment

25 . Performance verification test in a real environment
* Part or system performance evaluation in the lab scale
20 | ° Selecting the optimal technology through computer si-

mulation
* Securing core technology for practical use

* Basic performance verification in the lab scale
1.5 | * Basic design drawings steps
* Securing modeling / design technology

1.0 | * Conception of ideas, patents

0.0 | * Basic theory formulation steps

4. H71Zat
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Table 6. Result of qualitative assessment for electrical and elec-
tronic equipments

Table 7. Result of qualitative assessment for household items

No. Contents ENI | ECI | TI ts;lt;r;
1 | Wet tissue 0.88 | 1.43 | 0.77 | 3.07
2 | Pump cap 1.05 | 2.10 | 0.99 | 4.14
3 | House wrap 0.80 | 1.40 | 0.60 | 2.80
4 | Paper pack 0.80 | 1.53 | 0.54 | 2.87
5 | Window of envelope 0.78 | 1.25 | 0.87 | 2.89
6 | Disposable razor 0.85 | 1.75 | 0.83 | 3.43
7 | Calendar, spring notes, binder | 0.85 | 1.40 | 0.61 | 2.86
8 | One touch mosquito nets 0.70 | 1.10 | 0.53 | 2.33
9 | Disposable glasses 0.75 | 1.35 | 0.50 | 2.60
10 | Plastic knives and scissors 0.68 | 1.13 | 0.80 | 2.60

Table 8. Result of qualitative assessment for automobiles

No. Contents ENI | ECI | TI ts;lt;r;
1 |Head lamps 0.88 | 1.55 | 0.77 | 3.19
2 | Side mirror 0.85 | 1.63 | 0.73 | 3.20
3 | Rear lamps 090 | 1.53 | 0.77 | 3.19
4 | Radiator grille 1.05 | 2.03 | 0.95 | 4.03
5 | Windshield wiper 093 | 1.78 | 0.81 | 3.51
6 | Bicycle tire 1.08 | 1.33 | 0.78 | 3.18

Table 9. Result of qualitative assessment for building materials

No. Contents ENI | ECI | TI ?;:}
1 | Glass sheet 0.60 | 0.98 | 0.63 | 2.20
2 | Silicon for window 0.73 | 1.33 | 0.44 | 2.49
3 | Anti-skid pad on stair 0.5510.93| 047 | 1.94
4 | Built-in closet 0.68 | 1.30 | 0.66 | 2.63
5 | Sliding door 0.70 | 0.88 | 0.44 | 2.01
6 | Sink, drawers 0.78 | 0.88 | 0.64 | 2.29
7 | Built-in blind polarized windows | 0.85 | 1.75 | 0.99 | 3.59
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Table 10. Result of qualitative assessment for applicable products

Sum | On the basis

Cat. Contents total | of 100 points

No. Contents ENI | ECI | TI tso‘g
1 | Discharge grille in air controller | 0.70 | 1.40 | 0.65 | 2.75
2 | Matte screen 0.75 | 1.28 | 0.47 | 2.49
3 | Blender 0.83 | 1.55 | 0.73 | 3.11
4 | Balancer in washing machine | 1.10 | 2.18 | 0.97 | 4.24
5 | Water bottle in water purifier | 1.03 | 1.98 | 0.87 | 3.87
6 | PCB Cover 093 | 1.20 | 0.64 | 2.77
7 | Part inserted metal 0.80 | 1.55 | 0.89 | 3.24
8 | Reinforced glass in copier 0.78 | 1.65 | 0.85 | 3.27

Electrical and
electronic
equipment

Blender 3.11 62.10




Electrical and Discharge grille

electronic . 4.24 84.80
. " in air controller
equipment
Electrical and .
electronic Waterbottlein | 53 o7 | 5949
. water purifier
equipment
Electrical and
electronic Part inserted metal | 3.24 64.80
equipment
Electrical and .
electronic Relgforceq glass 3.27 65.40
5 in copier
equipment
Household items Wet tissue 3.07 61.40
Household items* Pump cap 4.14 82.80

Household items Disposable razor | 3.43 68.50
Building materials*|  DUilt-in blind =15 50 10y g
polarized windows

Automobiles Head lamps 3.19 63.80
Automobiles Side mirror 3.20 64.00
Automobiles Rear lamps 3.19 63.80
Automobiles* Radiator grille 4.03 80.50
Automobiles Windshield wiper | 3.51 70.10
Automobiles Bicycle tire 3.18 63.50

*High priority products by industry
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Figure 2. Applicable part in washing machine (balance).

Table 11. Uni-materialization strategy for washing machine

No Before After

@ Ferrous

@ PVC General plastic
® Plastic + Concrete
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Table 12. Result of quantitative assessment for washing machine

Cat. Ass.essment Assessment Result
index content
Recycling of Recyclability
resource Disassembility 75.0
mprovement Variety of materials
ENI Reduction of Reduction of
hazardous 25.0
Hazardous Substance
substance
Reduction of Reduction of
15.0
greenhouse gases Greenhouse Gases
Ma-rl.<et Competitiveness 100.0
competitiveness
Reduction rate of raw
material cost
Cost reduction Reductlgn rate of 35.0
ECI production cost
Reduction rate of waste
treatment cost
Market size
Market growth Market growth 22.5
potentiality
Technology .
application and Technology. expansion 45.0
. & application
expansion
TI Technology Technology ability 6.0
expansion Production capacity ’
Technology .
completion Technology completion 7.0
Sum total 330.5
Result (on the basis of 100 points ) 66.1
AFL G2A77] 95 A FALS HERE 4 YES 1]
WA Wb e G AUE, FH 58 A o] F =
99 g7 AMET 22 AgET o749 fYa
ot AE ek AMES T4 P Sehagos 4YH
TEHE AlE719 HhAE QEEE 25 ol dEaAE)
s e mHo= dh
FUaASE Fd 71E] Aol Erbsste] iy Az

H A7) WAL Aego] A 4 glom ol g
AlE71 o] S91RA o TG 7R Ao] obd ATHE el
Fol RS UEY 4 20w G LT 57 PR
g 29 4 ek

Table 126141 9] AlEb7] H7pdSE 661402 71204
(58.6%) oL SULAT A HE AL i Ao
2 FehEch o] Aol glo] Zb A4t A U gEe
s atE 907 oo Uehton] oleld ol @x)
w0l W7 X e)7 o o) ol : gt @A uhalo]

Zasth wol.

a2y AR Vet FAAY 2oklAe wuaA e



180 4714, 4198 A2%, 2013 6

A& HE 7HsAS Aol flok BuE U
225 AHgstololtt 75 g Wlete AEY 15
=7 AdE ez 37 A= v go] T2
g A5 AHEShE ZHI 71E s #
F A gE Fepago] ndE
7] 98t WE 7} 20 glem® o]
chir Hofzict,
o4& A she FEL] A
ofual A& o]
2AE AHEBHAY

N
b

o 1o
=)
X

2o
2
)

2o e o )
o
by
o

A ok HEOR A
s}7} Holz W
Aol gt

wkebA] Ale
287 1 o4
AgHgol 417
T2 AL
=8 sk o] fU

[e]

[>
> 10
b
o

[0 met

%]
it
mx

0

o
ke oM

H X 9
ity

[
)
[>

B
i)

ofy

ot

1o
= T
o

'1)_3‘4_
o L
i)

Ml

2 £y
e

o
off il
ol
N

o
L
1o
ol
ofi

o
oL
B
o

LS
in}
B
%k
QL
K}
£l
e
(o
o

&
[o (i v:]

B
2
2

d

RERUE-EL TIPS
U9l 2B HEA Y FRE A, 5H9A
S AR, Az, Wy, Aol Hoz FHsH oy

AN

HRI(PE) A Golw Axze AEQle]s Ad

o1 —

® Q ©®

® @

Figure 3. Applicable part in pump cap.

Table 13. Uni-materialization strategy for pump cap

No Before After

@ Polypropylene Polypropylene
@ Polypropylene Polypropylene
®) Polypropylene Polypropylene
@ Polypropylene Polypropylene
® LD-polypropylene Polypropylene
® Polypropylene Polypropylene
@ HD-polypropylene Polypropylene
® Polypropylene Polypropylene
©) Stainless steel Polyoxymethylene
) Polypropylene Polypropylene
@ Polyoxymethylene Polyoxymethylene

Table 14. Result of quantitative assessment for pump cap

Assessment Assessment

Cat. index content Result
Recycling of Recyclability
resource Disassembility 75.0
improvement Variety of materials
ENI Reduction of ha- Reduction of hazardous
25.0
zardous substance substance
Reduction of Reduction of greenhouse 3.8
greenhouse gases gases )
Ma.rl.<et Competitiveness 80.0
competitiveness

Reduction rate of raw
material cost

. Reduction rate of
ECI Cost reduction production cost 40.1

Reduction rate of waste
treatment cost

Market size
Market growth — 15.0
Market growth potentiality

Technology .
application and Technology. expansion 30.0
. & application
expansion
TI Technology Technology ability 120
expansion Production capacity '
Technology Technology completion 35.0
completion 24 P '
Sum total 320.8
Result (on the basis of 100 points ) 64.2
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Figure 4. Applicable part in window blind.

Table 15. Uni-materialization strategy for window blind
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_ Polarization angle : 135°

Polarization angle : 45°

5 o

—

Polarization angle : 135° —<—_) _|

Polarization angle : 45°
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Table 16. Result of quantitative assessment for window blind

Before After
Glass

Ferrous materials

Polycarbonate

Ferrous materials

Various materials -

® e e|e|Z

- Polycarbonate
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Assessment Assessment

Cat. . Result
index content
Recycling of Recyclability
resource Disassembility 55.0
1mprovement Variety of materials
ENI | Reduction of ha- Reduction of 25.0
zardous substance hazardous substance ’
Reduction of Reduction of 15.0
greenhouse gases greenhouse gases ’
Market ..
arke Competitiveness 20.0
competitiveness

Reduction rate of
raw material cost

ECI Cost reduction Reducthn rate of 15.0
production cost

Reduction rate of
waste treatment cost

Market size

Market growth — 45.0
Market growth potentiality
Technology .
application and Technology. expansion 75.0
. & application
expansion
TI Technology Technology ability 12.0
expansion Production capacity .
Technology .
completion Technology completion 7.0
Sum total 269.0
Result (on the basis of 100 points ) 53.8
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Figure 5. Applicable part in radiator grille.

Table 17. Uni-materialization strategy for radiator grille

No Before After
o) chrome (coated) -
@ acrylonitrile-butadiene-styrene

Table 18. Result of quantitative assessment for radiator grille

A t A t
Cat. ssessmen ssessmen Result
index content
Recycling of Recyclability
resource Disassembility 75.0
improvement Variety of materials

ENI

Reduction of Reduction of

25.
hazardous substance hazardous substance 30
Reduction of Reduction of 100
greenhouse gases greenhouse gases ’
Market .
arke Competitiveness 80.0
competitiveness

Reduction rate of
raw material cost

. Reduction rate of
ECI Cost reduction production cost 55.0

Reduction rate of
waste treatment cost

Market size
Market growth — 37.5
Market growth potentiality

Technology .
application and Technology expansion 75.0
. & application
expansion
TI Technology Techn()l()gy ablllty 90
expansion Production capacity '
Technology .
completion Technology completion 7.0
Sum total 373.5
Result (on the basis of 100 points ) 74.7
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