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Abstract

This study aims at effectively integrate environmental attributes into the product design and
development processes, using Life Cycle Assessment(LCA) and Eco-design Checklist which
are crucial to identify the significant environmental aspects related to a product system within
a relatively short period of time.

For this, a Simplified LCA method that can be applied to Electrical and Electronic
Equipment(EEE) was developed to efficiently identify their significant environmental aspects
for eco-design, since a Detailled LCA study is usually very detailed, expensive and
time-consuming. The Eco-design Checklist is a method, which was also analyzed. Then, the
usefulness of each method in eco-design processes was evaluated and compared using the
case studies of the refrigerator systems.

In this study, it founded that the Simplified LCA and Eco-design Checklist would provide
some information about environmental issues. The Simplified LCA generated more information
on the environmental aspects of a product system so that it might be useful for whole
product design procedure, when developing a completely new product. On the other hand,
Eco-design Checklist would give some information on the potential aspects for improving a
product so that it could be effectively used in product design process.
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2.1 Simplified LCA

B A9 M= Simplified LCA %S AE&317] 8] AF AAAR SAE 6709 Levelz 7&3}
At 4714 Levele A#A stage® A E3sld el A2 <F 1> Zo] HF AFe] 4
AdE Az ¢4 Level 08 7|F22 3o AHEEQ Azxd dAe 48 A 2 HEe
Level -2, 2% QAL Level -12 FE3QAT =8 9589 4%, ALE @A E Level 1, #7]
gAY BE HBES Level 2, 22 H7| &= Level 322 FE3A

<E 1> 77Xl Simplified LCA 2

Simplified LCA 2
Meathod | Method | Method | Msthod | Method | Methoed | Method
Life Cycle stages Reference 1 2 3 4 5 142 344
H=H
T 7 |2 A R RN Y
25 4o Level -1
o= Lovel 0 R0 53922393%
Al Level 1 Q0 I:Ig b R » oTad
H 7|
2E NEE Level 2
23 H7| Level 3 \N

9% cojeiuiola g [l o= doe sz [l 3% cu-or [l %2 cu-off [l 54 dloisl A2

1) ECODESIGN Best Practice of ISO/TR 14062, 2002
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LCAE #3837 fldAs 2A 34 £ 75, €2 T td vol8HE sk &t oz
Holg +£3& AdNE B At =¥, vjgo] SFHEZ ol& A} A& £ ATFeA
T 9F <& 2>% 22 7714 Simplified LCA & A st

<E 2> 77}X| Simplified LCA &

1. dlojg =8 HH 54

Method 1) TN gAHE 05% 7| & B E Cut-off

Method 2) 55 gAHE 95% 7|1F 2 Cut-off

Method 3) HZEHE 7|0iT 1% 0|t B E Cut-off

Method 4) $HEHE 7|04 1% o|2t 2 Cut-off

Method 1+2) | & #ZAIe 5% 7|& £ ¢ A Cut-off

Method 3+4) | &tAH & 7|6 1% o|gt £ 3 ZX Cut-off
2. ¥AL Hiojel Mg

Method 5) | & 2o it W7 ololg| M

AA ¥ Simplified LCA ¥ % dlolH +3 ¥H %49 /ML AxPAZ £YHE sy
33 #d dolHE T} F9e Be AL 2 =8, v go] 27HI YE AFFPr}
Bo 583 A7E A3 dolg #3 WHE nFHss g 2AsE dA usd )R
Ho2 v3 #3971 AE %% 718 EEHA ¥ ¥F 2 T A Cut-offS +33
o, & @A 4 FHQ AFsE A BEGY JdE 1% ugte] sgee 2E 2 3L
Cut-off 3t W& AASAY. ol A/ARAEY 2, FUAd Dae 2Eoz FAHY
7] dEol] FBE FF #d ARE A= GANAN ZF #dly] oy AL wdF A
L2 Hoh §oj3tn, A 4 v HZ AAE FAo AT £ Uk o] F Aol

Ab HOlHE HEste WHE 4 dolHE AW FHNA gowA 7Ed 38 TA 9
°lHel B dolHE A8l wet 2F S AZzsE T g8 FA FHE FEsis wyol
ool e FEE FF A dd A dHolE £l odE A, Aol dFE FA ¥
T S WA HEo] shesith & So, RF AZ FHAN Eg2rg AE: FHo| FE o
Fo 24 HE FFo @ AE I JRE FF oFHE AS, o5 FAHO U@ =rFQ
LCI o8 #o] = &2 7]&d Hfdtn Qe e Felag A& 3 AT e ¥439 o
€ A dolHE H&ste Byl Ao

2.2 Eco-design Checklist

Eco-design Checklist= 2 A7t o] AF L A28 52 FAHHOZ Hrisls &F2ZH A}
#H3 c}. dubH o2 Checklists B718tmzl dte a7 BAYF 38 o|#5S Yegys 3
b 2488 Moz do dAF Yyt JFELS EQE AYEYG. 2 ATgME= ol
Checklist 7| ¥& 2zte2 AF /MTaAdN AAME Ao B2 o zagzel HH 28 9
g “Eco-design Checklist"& & [29 1] Zo] 7j2atgn}.
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Eco-design Checklist
Eco-design & 24 7% Global 7|
X gl B E design Checklist 7} %
IEvE X =4 Eco-design Checklist S desgn Chsouist AR
7171 8%

[1¥ 1] Eco-design Checklist 7} &7

(1) Eco-design &2 49

AF NEaAdAN BA5He] 1 E 5222 3t Eco-design Checklist®] 271 78S 943
Fortune# ol A A% Global Top 10 7142l #7738 31A, EuP Directives ¥ Preparatory
Studies for Eco-design Requirements of EuPs 5 EuP #¥ 28, Eco-design Checklist 3 A}
g 5 dxvpAsAct. 2 9L, Global 7|HE9 Eco-design Trend®} Z #A|F ¥ Eco-design
48 A mjHojol & 225S [2¥ 2]9 2ol ¥4t o]E Eco-design Checklistdll ¥4 3t
At

1. Eco-design H2f/Q 71 2. Eco-design At m}ﬁgﬂgeggg)aﬁ
719 A H# #d 719 % HBOAM n2dt=
A B ° 1. 4% 23
Eco-design &4 Eco-design 24 I} 2. W ;g
3. 4H| Y
. . 4. '4%0 7|8 NF
3. EuP Eco-design 4. Eco-design Checklist 5. 9% HE2E
6. 4D AZWUYY
EuP ALHQI7ZIHE B¢ | | Checklist AAIHE Eet g s
Eco-design 27 119 24 me} )

[23 2] Eco-design Checklist 2 7Y

(2) H7t 71 A3

ok 773 ¥ Eco-design Checklistdl Al AAlE 274 ¥2 AF 2L Al AQSE H7is7] A
HAE AR Zo Bgss Hrt 71Fe] 2 F 9 ) Eco-design Checklists 24 22 ¥ #71 7]
=9 MAs 7] Y8td 82 7% Al £4% Global Top 10 7149 Eco-design &% ¥4 Z%%
EUS Eco-design Directive, 28] ECO SWAN LABEL % A7|AAAF| Eco-design #¥

2) Fortmed 473 : GE, A4A, A2, 21, B2, EAN, AL, shipay, sjeH), o)zl
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<¥ 3> Eco-design Checklist ®7}7| &

2 B &

dED 2 |22 43D PH ¥R

WED 9 | EU ECO SWAN LABEL £0{ Al, 4= & Zol it 7|F 53

A pjE EuP AP el TOIN HAISHE EU XIoll #AIE WZnel Au|HY S3

= AH+E 1%, A+= 17.4%, AS 629%, BE 182%, C= 0.4%

40 HIl8 M

EuP ARMedFollM RAISHE PU, 72l H7|Z 12442kg 7| &

43D YHUBE

EuP A ATFOIM HAlISHE BF MEBE 80%

YD 28 Y4Y

EuP AMH oM HAlStE EUXIY H31D &8 HIu

w2 ALSH

RoHSOllAl X &3t= Class 1, 2, 3 th8 &

dof A

A R134a, Z&Z dof R600a, ISCEON X &

Z B7t 71E ¥ Global #&9 zolg Ueti7] st 135 93742 HAE dAsA

. 72 47 vehe

B7t71Ee dule o3 2o

- 13: A1 &) Global 7]&2] Worst Casell 333

- 3%: A E°] Global 7]F¢ Worst Case®} B gk Alolol 393t
- 5% tj’3AEo] Global 71F9 H#atd T4

- 74 A4 AF<l Global 71&S B3 Best Case Abololl 3 &.
- 94: A Fol Global 71F< Best Casedl 313,

3.1 A =4

3. AE A7

2 7oA E AAZ Simplified LCA ¥ Eco-design Checkliste] H& 7154 sote 9139
A71AAAEFS sy B2 E Aoz AMATE FPaAT oY AEY I3 AF A
H}3 A2 bS5 [28 34 dehtes AR 2o] ¥ARE FAHSE RES Az AxA
@A, HF AFQY $FTE AAE Ax 9A, 267t ALLEE AFE A, AHEE YR nE
#71ste H7] dAZ AHosArt
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[ us §3 ][ oj L x| l[ 5z §3 ]
(Raw material) (Energy) (Ancillary Materials)

[ HEH B ]—~[7u e }—~ﬁ|~s =uﬂ—~[ 7| J

| [ o7 g § ] [ SAYRE ] [ #7|§ J

(Air emission) (Water emission)

(23 3] cHatAlAH-

3.2 Simplified LCA A3

<E 2>A AAIE 771X Simplified ¥ ¥ 3 2 <F £OoN el A Fe] 7
Simplified % A4 A #Hrlel 8FHE dolg, F FF %€ A A 2 dHgs} &
A dielHZ HEHAY delg 3 W7t FAHE AL ¢ F Ut

<¥E 4> Simplified LCA =8 Z 2}

& Simplified LCA T8 23}
- dlolg F7 HY E4

Method 1 | o4 2= 714100%) = GWP 24.19% ARD 263% ODP 215%2 12| %E 74 &2
“Hole 41 WA &2

Method 2 | . 3 =m 7H4(100%) = GWP 526%, ARD 526%, ODP 1053%2 13 2 7% 52
“diole 21 @ &4

Method 3 1. 3 =2 744(100%) = GWP 16.13%, ARD 16.67%, ODP 2.15%2 D& & 4 &4
“Hole +7 89 &4

Method 4

M 2 M$(100%) & GWP 52.6%, ARD 52.6%, ODP 10.53%2 12 23 M+ H=2
- AtE U press 3M T oHlolgl HE
Method 5 O 7= 25 AIE 7|04 : GWP 4,791%, ARD 3.577%, ODP 0.431%
@ "7 28 #8129 J7|6dT : GWP 2.159%, ARD 1.591%, ODP 0.062%
- diolg] =T HY &

Method 6 | . o S= Ji2(100%) = GWP 24.19%, ARD 263%, ODP 2.15%2 23| %.& M+ &2

(420 | may 2 4(100%) = GWP 526%, ARD 526%, ODP 1053%2 12 B3 7% &4
“Hole 21 89 52

Mjm 7|, Hay SE HS(100%) 5 GWP 16.13%, ARD 1667%, ODP 215%2 12 $E 7+ 52

: MA 2H H4$(100%) & GWP 526%, ARD 52.6%, ODP 1053%2 13 33 s+ &4
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(%) 100.00

(I

90.00 =i =
| =
8000 GWP ARD DP
Bl Reference 100.00 100.00 100.00
O Method 1 98.35 97.07 99.81
mMethod 2 99.70 99.69 100.04
B Method 3 95.10 92.70 99.59
W Method 4 99.70 99.69 100.04
M Method 5 93.18 92.26 99.93
B Method 142 98.35 97.07 99.81
B Method 3+4 95.10 92.70 99.59

[22 4] Simplified LCA HHE X882 St oy #FIe 23

[29 4] AANE Z S A 8% Simplified LCA 23 A L AL HES ] 4
& Detail LCA Z#¢}te] v uZd#HE Yepd Aot Detialed LCA Z#E 100%2H1 39S o,
AF233 4 3FHF(Global Warming Potential, GWP)o| A+ Method 58 A €3 o2 a4
BT 95% olde AHAAL FHI= AR E4HULH, 291z (Abiotic Resource Depletion,
ARD) 939 FlM = Method 1, 5, 3+498] A& A& & Method A EF 95% ©]4e] 4
AL Ze A9 =22 F AAT. = 2EF 12 (0zone Depletion Potential, ODP) <3 3k
FoME 77k ¥ 25 Simplified LCAE A4 @& Detailed LCAStS] Z3pa}o]7}t w]n]
Ao 2 yest,

3.3 Eco-design Checklist Z2 3}

2 Ad79A AItE Eco-design Checklist® 53l AF /MLdadAdAN =" dael #A4ESo]
Eco-design 831 = Global 7|E#} vt 7/l AEE =58 5 ok F, Global 7|&3
v wste] Tzl A9 Eco-design #&°] ol AEAA Y digt A3 =& 7M5dd. oS
[2¥ 5] Eco-design Checklist& 3% 23, d31n 74 94 37|18 Azgo] AFS Mute
2 EE2HUR, YF2 59, AYLE 5 Global 71FH v|Rndd FAHOE ¢ 53 A9
ASS AASn Ao
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[218] 5] Eco-design Checklist Z 2}

3.4 Simplified LCA$} Eco-design Checklist H] i

Simplified LCAE AT dig #F9FE AFHez2 =28 + Ude FHo Aoy
Eco-design Checklist Bt} %2 Az =3 ¥ 8§ 82 e @3o] Ao Eco-design
Checkliste #& Alztel AFo dd 834 F7H7t 7bHs8HA T Simplified LCASHE 28 AAH
QA #FAgAY FHH 7ML EF0] 7hF3lth g <& 5> Simplified LCASH Eco-design
Checklist®] ¥ A& vetd Zolt

<¥ 5> Simplified LCA2t Eco-design checklist H|il

T& Cost and Time Design Applicabiiity Quantitative Analysis
simplified LCA +- +- +
Eco-design Checklist ++ +~ +/-
++ @ Very good, + :good, +/-: moderate - : little, -—: very little

Eco-design Checkliste A7t =3 2 ¥4 H23¢ & gdode 3PS Ed2 3o Gzt
AEe AL AAdorsle GAdA E&x7F F AHeolv, Simplified LCAE Eco-design
Checklistl | 29 ZA7E 83 FFHY F49FE BdE & dds HdAH /88 A
oz Aedg. AE AdaAdAY BAEZA HE ¥ Simplified LCAS} Eco-design
Checkliste] #85& [2¥ 613 Zo] AANE F A
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] A : Simplified LCA
Product Review el AE HE #34 3 20 A0S0 A% Y
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(2% 6] ®ZF HYCHAHM 2 &#E

Planning @Al A= 7|EAF] o d Simplified LCA 232 &8 AAE 7L A 8747
o2 FHIF HEo dg Ad ¥AEE HAYF 4 U3, Conceptual Design BANAE
Eco-design Checklistoll 4] =&8 7]EAF9 Global 7|F iy ol g HH¢e HLgo
2N 87 RAES UEse NAFY AGES 1T F U

E3 Detail Design 3@ Testing/Prototype @AM E AF g9 AL ££¢ o $x gz
A A4 Simplified LCA +3& 53 7Hg 3845 A A4S HEF AAE gaglez
AAste 24 AR &8°] 7b58 3, Market launch @A A A A Eo] g Simplified
LCA % Z7E Green marketing®] &8£3}a An|A oA 7|9 J§AHQ olu|xE HY} o
dat=d &8 + S Ao

utA %0 2 Product Review QAN E 7] H7td AES 844 ARE golEu o238 3o
FF AAFA dF AP A5 9% AL =F2H 89 5 glen, ¥y TLF9
Simplified LCA 38 {8 71% HolEHZ9 &£o] 7158 Aot

4. 2 &
2 ATANE A71ARAATY ALSANA 874 FUL e Wi, = dzgAae g

H7t =724 Simplified LCA ¥ Eco-design ChecklistE #|A|3}t}h. Simplified LCAE A zHa}
e, v4e] FZEAE ¥n 729 FFAHL BT} £E £FN HEE £ Q= FHYS
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7}A 3 9le.8, Eco-design ChecklistEs AAZ<Q #Ho|A Global 7|F3 Hlwsdle] MAF ¢zt
QA4 o ZYAR FFEo] A= FAxAA ] i YA A =& 7HesiH.

mebd B AFo A A A]§ Simplified LCA®} Eco-design Checklist® F3] 71942 AA|Fol o
Ol Z2h2 oA ZEAFY AH ERIE =&, AAF AIG A4 AY, FF9 A
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