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An end-of-life strategy is concerned with how to disassemble a product and what to do with each of the resulting
disassembled parts. A sound understanding of the end-of-life strategy at the early design stage could improve the
ease of disassembly and recycling in an efficient and effective manner. Therefore, the end-of-life decision
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making for environmental conscious design has become a great concern to product manufacturers.

We introduce a novel concept of eco-architecture which represents a scheme by which the physical components
are allocated to end-of-life modules. An end-of-life module is a physical chunk of connected components or a
feasible subassembly which can be simultaneously processed by the same end-of-life option without further
disassembly. In this paper, a method for analyzing the eco-architecture of a product at the configuration design
stage is proposed. It produces an optimal eco-architecture under the given environmental regulations. To deal

with the case of a complex product, the method is extended for analyzing hierarchical eco-architecture.
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Figure 2. Sample product ABC(Lambert 2002)

Table 1. Transition matrix of product ABC(Lambert 2002)

0 1 2 3 4 5 6
ABC 1 -1 -1 -1
AB : 1 - - -1
AC : - 1 - ‘ -1
BC ' - - 1 : : -1
A 1 1 1
1 1 1
C 1 1 1
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« 8733 Ad7}sA(Ecological Feasibility) : 57 —‘:'rl"f:}_%
Fol] 54 Aguiels w2e FA A9 A

A AHgE 5ol AR
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Table 2. Formulae for end-of-life processing value estimation

End-of-life End-of-life processing value
option
Reuse(U) Vie=Rp—Lp=d-Pz—
Material

. =R, —L,=p-m P, —m C
recycling(M) u=8 =Ly =n i "L i * G

Energy
recycling(E)
Special
treatment(S) Vi

Vie=R =Ly =e¢-m:

Disposal(D)

Table 3. End-of-life processing value matrix of product ABC

Material
recycling

ABC 12 -00 -0 -300 -0
AB -12 4 -00 -80
AC -00 -00 -175 -00
BC

Energy
recycling

Special

Reuse treatment

Disposal

o -0 -125 -0

20 5 -0 -50
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43 3GA oA o}F e Eoud HE

EdAH MEY2st AAE 7 B g g A2
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Abste thes et o) BUE Fo) AF) AHE F A
Aus e AWk FREYFe 2 AW Pra
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NE 233 % 9ot
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Table 4. Disassembly cost matrix for product ABC

Transition number()) 0 1 2 3 4 5 6

Disassembly cost(g) 0 6 7 9 5 4 2
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HAE AXE A5, a9 A8/t FEXHEFLE AT &8, CE ArES Fdste Aol 2E2EHUTE w9 A
T Sl Hijto] olojtjgte 1 F gHoijieks HE 4 gl & F 7FA = 160tk AlF ABCY HF o|F op7|E A=
o} 39 Adrbs FEXYHE SHAA B A9 Ad7ks  <Figure 3>3} 2Tk
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g A7k EAANE A o2 44 E A
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& A okE 2 "ok (material recycling) (reuse)

Figure 3. Eco-architecture of product ABC
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Figure 4. Hierarchical disassembly structure of product ABC

87
A ATz otk M dE 0 2HF FEHE 7|
ataL, # 12 2HFS FoAe 7he S arefste] A1 9
g A4S yehdth g 2= dE 19 £ FEEHEFS H
Al F L3 LA s A G Aot o] H g AT} 2
e FEEHFO Z Hohe] FFolAY S FEXHEFS
TAsE ote FEXEE 1Y HEAY TS FEE
S W7hA] FREnt vk FREYF] = 9] BEQ
Ao 28l 98 =2 FAE: o] F52 T o
ot A 2] HHE A geth v BEEHF] F A ©f
o FEOE A%d A% ol FEEHFS 18k gl
A et FEEHEEY A0 1Y o) REXY
T =22 Y,
obA] A|A & 7P AIE ABCT} <Figure 4>9] AlZ3 AT

25 Adva 7Pgehk Al 09] Y F ABCE 'Y 1o A]
APt A9 B CO Ao R FHAT E 7|5 2] 9
o Z op7| el A EAMIHEL gl 18 Ao & A g 9
APEZA A ABCO] BLE Ad7bs FEEHEC] L EH
SHAIRE AISA ol & o} E A EAH B2 AX
Ad] 7Fsd e AT oloh= - AT
2 BAS s 54 49 FEXEFl 8¢

FEE oAl = tigte] g H 7] Witk 24 ¥ ABCY]
A Al ABell thah 243} Coll thek 2Heiol %FAEM T34
ohar 7Pg8kAk -3 A9 C, B9FC, B AB9}C Abol9] w5
A7 B 7hsAd o] Al 9] ¥ 7] w2 ol ABC= LA 9
o] ABSC7F 2% 729 d 1 dHE A/hETh =1
# ABC7}BCSHA, ACSHB 522 a4 H o] A2]€ 7Fs4d ol
AAE Aoltk. & AB= A 4¥== AstB7E A%
92 de) 2 AspEd

I

4

¢

O
i
2 kl
d o
S Ar oo %
BN o o .
S ¥ (o dlo -

H T

:;
BN
m

52 dZ o}7|d X BAR AFH HL

A%A oz ol A 2L ASH AATFE AN o=
oMEA $ARDS 1 44O A STk ASA 9
SECELEEEERRELEREE LRGSR
4o dU19 o2 o}71EA BAjo] g WA w5
HT, T3 O AT 5 4 REZRES AN
§- 82 AFE - AUA ADE SuAL - A7)9 WA
740 Aeluiek slol A} teke AUA Ak shAte)
g F AAAE o) Ao JdmE o £
A= o}/ A EHOZRE B2, o] ghe 2ol o0

2 499, 39 AN Y o)z o7]elA B g
HY 2R £2Y 2HY5 g AT A F )
Az YA, B Ao FED o) FREYFl Qe

FEXHEFSL A7} E7bsstth wrekA] o]59 At
]—x]‘—t co 2 AAsit),
o|Z-2 AZA oA ol7|HA A4S Al ABCY *Fﬂl"ﬂ

gro] 2 gal & 4 lvk WA g 28] AL 2104 F



85 SHERDEERE LS R L
Table 5. Transition matrix of graph 2-1 o] Atk AZF o= o}7) el A BAHEL A E 9] AT+
0 1 Z 30 Al e 7)eE A oA ARgdhe 2 B2 Y FE 7Y
A ) p) GHBA T2E 7|0 Er] 75k A o) A AHgEhE 54
A . HAZTRE FRHOR BUFOBH, YA 4 RE2
8 ) BE ATEE w vedt oke REZYF Ao A
TEE o] BASEE A At oled 542 A 7
. . Hh A 3 st e S Y ook E 2 FAA FH6te
Table 6. Disassembly cost matrix of graph 2-1 Bxo) o|27)7K] BRZUE 7he] BAZ etk 2
Transition number(k) 0 ! Aol A ke B 7)u WA g Adsse Rl of
Disassembly cost(C) 0 S 25 zfol= AFA AR op|gA BAUHESY F Y
s FE, a4 HI &S THACE asta T X
ASBY] ZHPA R FAE FEEHFAB o2 o} HF D99 BeAEE Xste JAHEAA S 7hesA stk
g3 248 #33th ABY ERA jEZ A9 ERAA
W 3 A H)-&-& zH7t <Table 5>, <Table 6> 2t} 2831 ALg Table 8. Transition matrix of substructure 1-1
F A7 <Table 753 2T 7] 4 25 ol B7] 9 3 0 1
Aojere] Mg F A7 HAE oz o) oA Ag BYelA 2 ABC 1 g
32 glolth REZYFABY o= ol EAS B AG A3, AB |
A4 ke 21010 o] ENA 07 ENA A 10] 53 c !
=5, A4 E A} BE 47t E4 ALES AR 2
ot o]= AB7} S A1 E B3l A E A5 7S BAA Al Table 9. Disassembly cost matrix for product ABC
7_4]‘@'%%]11] Ik S G21 AB] ATk AHE- Transition number(k) 0 1
A7 2 ¥k
S0z oM 12 Sehel TehE 110] i3 A S g _Disassembly cost(C)) 0 5
th. o]= AF ABCell th 3t ol  op7| el A 415 o m] ek 1
P 110 SFEkE EDAL a2} A& 27}
<Table 8>%} <Table 9>¢l s Fict. o o}71ElA #4 23, 6 A &
A% G2 1608 Yepsth ERAA 03} 10] 353,
A=z A H ABE A, CE AAE Hots w2 2 AFE A3 oplEAgE MEE AdS Altst, 74
Aol A Aoz =EHATh ABY} AUt Ete  AA DdAA Y AR F Mg Y 2 WEA A 9
A& ABZL & HAAM EEH o opF|g A B s np & AA] A WHELEA ATH oli opFE A EA
Ete AE gujditt 5 ABE A BE oA H, ZH 1E HES AN ATE o & opg A BANHELS AF
SHEY 24 AZE UE AXA Dok o]e dA dZ ol 9 ATEE AT 3l 7€ AdH T]H B o] Ed
718 A A EoA A A gh<Figure 3>9] Ao AX|ste 7INE WA S HABAIAN FF 7 BaL 27 B A
Hero|tk. 3 HW 104 ZHFABCO theh 240 55 Fk A= oIEA E4E 7hestA stk +AEA @
AoBZ AFA o5 o} El A £4L ks H AL A ol7lg A taf £ ES A8 FS A4
A o3 o7 EA A HES Je) 7k Ao ER] Bk $AAE TESe W 9dA 4E 5 e A o]
719 A AES AR AP AT S HECEA Y] HAHY HU AR FHXE BrH A ol 7 HE A
E9 F A st En AFS A e FEERY FY A AR T AdSS gotd = sl ofdf] et A7
F0Y $HAHQ BATE nEshke A 7N AL 2 A FF AAA o] FolA = ARl HAH ALE F A
F7h 7V AFY T2 BRANATE HEol JE A ] AFE e vl o] oW YIS FEA AR 3
Table 7. End-of-life processing value matrix of product ABC
Reuse Material recycling  Energy recycling Special treatment Disposal Disassembly
ABC 12 -00 -co -300 -co -0 (16)
AB 9 -12 4 -0 -80 -00 (21)
A 4 20 5 -co -50 -00
B 3 6 3 -co -15 -00
C 1 -00 -00 -40 -00 -00
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