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Abstract

This paper surveys end-of-life strategies currently used
i n t he el e ct r oni cs  and appl i ances  i ndus tr i e s and i dent i f ie s 
pr oduct  char ac t er i s ti c s t hat  def i ne f eas i bl e end- of -l if e 
strategies. Our survey indicates that two key characteristics
s er v e as  f act or s  t o cat e gor iz e  appr opr i ate  pr oduct s ’ end- 
of -l i fe  pat h: pr oduct  l i fe  and t ec hnology  cy cl e . T he
categorization leads to a methodology that guides product
dev el ope rs  t o s pec i fy  end- of -l i fe  s t r ate gi es , t o s ee k
env i r onment al l y f r ie ndl y des i gns , and t o i dent i f y
oppor t unit i es  f or  dev el opi ng new  r ec yc li ng t ec hnologi e s . 
The goal of disassembly differs depending on each product
category, however, efficient disassembly is a key to carry out
t he i deal  end- of -l if e  s t r ate gi es  f or  ev er y  pr oduct  cat e gor y.
T o enhanc e di s as se mbl abi li t y,  w e pr opos e t he conc ept  of 
Product Embedded Disassembly Process.  The fundamental
idea is to embed a separation feature inside a product during
manufacturing and activate it at disassembly.

1. Introduction

Envi ronm ent a l cons c i ousne s s  i s  now a funda m ent al 
foc us  of produc t  des i gn i n a var i et y of i ndus tr i es .
C urre nt ly,  com pa nie s  ar e re duci ng em i s s i ons,  cons e rvi ng
ene rgy cons um pt i on, and el i m i nat i ng haz ar dous  m at er i al s .
In addi t i on t o envi r onme nt al  ef fe ct s  duri ng m anuf act ur ing
and use of products, companies must also assume that they
wi l l  be re s pons ibl e  for  “re t ir ing” t he produc t  at  t he end of
its life.  Take-back schemes proposed in Europe, Japan and
ot her  re gi ons of t he worl d di re ct l y ar e addr es s ed t o t he
end- of-l i fe  conc er ns .  To avoi d cos t l y produc t  re t ir em ent , 
des i gne rs  m us t i dent i fy i dea l end- of-l i fe  s t rat e gie s  bef ore 
specifying the structural attributes of the product.

Ove r t he pas t  t wo yea rs ,  S ta nford’s  gra duat e l eve l 
De s ign for  M anuf ac tur abi l it y cour s e (M E217)  i ncl uded
s eve ra l proj e ct s  t hat  addr es s ed re cyc la bi li t y des i gn of
var i ous produc t s,  s uch as  an i nkj et  pri nt er , di gi ta l  copi e r, 

vac uum  cl e ane r and wa s hing m ac hine .  The se  produc t s
have  di ffe re nt end- of-l i fe  s t rat egi e s  depe ndi ng on
cha ra ct er is t i cs  s uch as  we ar- out  l i fe,  t ec hnology cyc l e, 
re as on for  obs ol es ce nce , num ber  of m at er i al s , cl e anl i nes s 
of produc t , and num ber  of m odul es .  End-of -l i fe s t rat e gie s 
m ay i ncl ude a com bi nat i on of re us e,  re m anufa ct uri ng, 
pri m ar y and s ec ondar y re cyc li ng,  i nci ner at i on and
di s pos al  opt i ons.  Us i ng a s urve y of cur re nt produc t s and
as s oc ia t ed end- of-l i fe  s t rat e gie s , t hi s s t udy s ee ks  t o
i dent i fy t hes e  re l evant  fa ct ors ,  foc us  on key s i gnif i cant 
produc t  cha ra ct er is t i cs ,  and deve l op a m et hodol ogy t hat 
gui des  produc t  deve l opers  t o an opt i ma l  end- of-l i fe 
strategy.

C once rni ng des i gn s t rat e gie s  t o i m prove ec o-
ef fi ci e ncy, not  onl y s t rat e gie s  t o dec re as e t he
envi r onme nt al  i m pact  and al s o s t rat e gie s  t o i ncr eas e  t he
ut i li t y i ncl udi ng upgra dabi l i ty ar e bei ng i nves t i gat ed [ 1] . 
The  key her e i s  s t rong re l at i onshi p bet we en produc t 
deve l opers  and re cyc le rs  bec aus e  produc t  deve l opers  nee d
the information about disposing ways of retired products as
we ll  as  re cyc le rs  nee d t he i nform a ti on about  t he produc t s. 
The most important point on determining design strategies
i s  t he “s i mul t ane ous ” pl anni ng for  re t ir em ent  i n t he ea rl y
s t age s of des i gn[ 2] .   The  gui del i ne we  propos e  i s  for  bot h
produc t  deve l opers  and re cyc le  t ec hnology deve l opers 
havi ng t he ai m  of s har ing t he s am e  s t rat e gy for  ea ch
product.

To ca rr y out  t he i dea l end- of-l i fe  s t rat e gie s  and
enhance the recyclability, efficient disassembly is essential
for every product category.  For the sake of its importance,
re s ea rche rs  ar e get t i ng m ore  i nt ere s te d i n t he
investigations on disassembly such as disassembly process
pl anni ng, di s as s em bl y eva l uat i on and des i gn for 
di s as s em bl y[ 3, 4,  5] .   To enha nce  di s as s em bl abi l i ty of t he
produc t s,  we  propos e  t he conc ept  of Pr oduct  Embe dded
Disassembly Process.  The fundamental idea is to embed a
s epa ra ti on fe at ure  i ns ide  a produc t  duri ng m anuf act ur ing
and ac t iva t e i t  at  di s as s em bl y.  Adva nta ges  of t hi s conc ept 



i ncl ude pos i ti on i ns ens i t ivi t y and s i mul t ane ous  s epa ra ti on
of pl ura l conne ct i ons , and t hus , s hort eni ng di s as s em bl y
t i me  and enha nci ng aut om at i on pot ent i al .  C hiodo et  al . [ 6] 

investigated generic self disassembly using Shape Memory
Al l oy ac t uat ors  for  cons um e r el e ct roni c produc t s.   Our 
appr oac h i s  t o m i nim i ze  cur re ntl y us ed di s as s em bl y
proc es s  and appr opri at e  di s as s em bl y proc es s  for  ea ch
produc t  and t hen em be d t hem  i nt o t he produc t s. 
Di s as s e mbl y of C RT whi ch cons i s t s  of t wo di ffe re nt t ypes 
of gl as s  s er ves  as  an i l lus t ra t ive  exa m ple  of Pr oduct 
Embe dded Di s as s embl y  Pr oce s s .   The  re s ult s  of
pre l im i nar y expe ri m ent s  s how t hat  fa s te ned t wo pi ec es  of
gl as s  l i ke C RT ca n be s epa ra te d by hea t ing t he Ni chr om e
wire embedded into the boundary.

2. I de nt i f icat i on of  ap pr opr iat e en d - of - lif e 
strategies

2 .1  A na lysis  o f c ha ra c te r is tic s f or  e nd- of - life 
strategies

De pendi ng on a produc t ’s  cha ra ct eri s t i cs , a
appr opri at e  end- of-l i fe  s t rat e gy m ay be di ffe re nt.  The 
s urve y of ca s e s t udie s  have  hi ghl ight e d a s et  of produc t 
cha ra ct er is t i cs  t hat  has  i m pli c at i ons for  t he produc t  end- 
of- li f e s t rat e gy. The  pre l im i nar y re s ult s  of t he s urve y
cl a s si f ie d t he cha rac t eri s t i cs  as  re l at ed t o ext e rnal , 
m at er i al , di s as s em bl y and i nver se  s uppl y cha i n.  The 
propos e d fa ct or ca t egori z at i on evol ve d as  s urve y
progr es s ed.   Ta ble  1 s hows  t he com pa ri s on of fi ve 
produc t s wi t h a re cyc la bi li t y foc us  under  cha ra ct er is t i cs 
identified as the most important.[7, 8]

The  fol l owi ng cha ra ct er is t i cs ,  l i st e d under  key
fa ct ors ,  ar e i m port ant  for  i dent i fi ca t ion of end- of-l i fe 
strategies. We define the characteristics as follows:

• w ear -out  l i fe : t he l engt h of t i me  fr om produc t 
purc has e  unt i l t he produc t  no l onger  m ee ts  t he
ori gi nal  func t ions ;  e. g.,  7–10 yea rs  for  m any
automobiles.

• des i gn cy cl e : t he l engt h of t i me  bet we en
s ucc es s i ve gene ra ti ons  of a produc t ; e. g.,  2–4
years for automobiles.

• t ec hnology  cy cl e : t he l engt h of t i me  bef ore 
m ec hani s m s,  s upport i ng t he m ai n func t ions  of
t he produc t ,  bec om e out dat ed;  e. g.,  10–20 yea rs 
for automobiles, 2–4 years for computers.

• r epl ac eme nt l i fe :  t he l engt h of t i me  bef ore  us er s 
fe el  t he nee d t o purc has e  produc t  bas e d on
increased functionality.

• f unct i onal  com ple xi t y:  per ce pti on of com pl ex
i nt era ct i ons  bet we en par t s and func t ions  t he
product performs.

• obs ol es ce nce : t he re as on a produc t  i s  no l onger 
abl e  t o per form  i t s i nt ended func t ion;  e. g., 
because of failure of key components, or because
it is outmoded.

• numbe r  of  mat er i al s : num ber  of di ffe re nt
materials; e.g., seven for single use camera; forty
for inkjet printer.

• number of parts: approximate number of parts in
the product, indicated by  in bill of materials.

• numbe r  of  modul es :  num ber  of s ubas s e mbl i es 
t hat  ar e phys i ca ll y det a cha ble  and pre s erve 
function.

• haz ar ds : haz ar dous  or unwa nte d m at er i al s  t hat 
can contaminate components.

• f i lt hi nes s :  am ount  of di rt  or gri m e t hat  hi nder s
reuse and recycling.

• s i z e:   appr oxi ma t e di m ens i on of produc t ; e. g., 
large for digital copier and washing machine and
medium for inkjet printer.

• ec odes i gn f ocus : com pa nie s  i ni ti a ti ve s i n
environmental design, e.g., EcoLabel.

• r ec yc li ng val ue  dr i ve rs :  t he par t s or m at er i al s 
wi t h hi gh prof it s  t hat  dri ve  ei t her  re cyc li ng or
reuse.

Ea ch ca s e s t udy addr es s ed t he cur re nt end- of-l i fe 
s t rat e gy us ed for  t he produc t , es pe ci al l y at t em pt i ng t o
under s ta nd t he i nver se  s uppl y cha i n.  The  i nt ended end- 
of- li f e s t rat e gy hea vi ly i nfl uenc ed t he propos e d re des i gns .
The  Xe rox copi e r and He wl et t  P acka rd pri nt er  ar e
produc t s wi t h hi gh val ue , s hort  produc t  l i fe,  and ra pi dly
cha ngi ng t ec hnology.   The  propos e d re des i gns 
i ncor porat e d m et hods  for  ra i si ng per ce nta ges  of re us e and
re m anufa ct ure .  S inc e t he P anas oni c  vac uum  cl e ane r and
Tos hi ba wa s hing m ac hine  ar e t ypi cal l y us ed for  ext e nded
per i ods and have  s l ower  t ec hnology cyc l es , t he s t anda rd
redesign only aimed at increasing material recycling.

 The  ca s e s t udie s  al s o as s um e t hat  re cyc li ng proc es s 
technologies would be similar to what we have today at the
produc t  end- of-l i fe .   None  of t he ca s e s t udie s  propos e d
s ugges t i ons  for  i m proved re cyc li ng t ec hnology.    Thi s 
re s ea rch i ndi cat e s  t hat  depe ndi ng on t he as s um ed end- of-
l i fe s t rat e gy di s ti nc t re cyc la bi li t y des i gn wi l l  re s ult .   Thus ,
des i gne rs  m us t ac cur at el y i dent i fy end- of-l i fe s t rat e gie s 
with the help of these characteristics.

 



Table 1  Case Study Summary (1996-97)

Case Source HP
Color Inkjet

Printer

Xerox
Digital Copier

Panasonic
Vacuum
Cleaner

Toshiba
Washing
Machine

Philips
21” Color TV

Product Features • high-speed
• long-life

• midrange
• modular

• fuzzy control
• quiet

• fast cycle
• low power

• Standard

Wear-out Life (years) 5 5 8 10 15
Design Cycle (years) 1 2 1 2 3
Technology Cycle (yrs) 1 2 5 5 6
Replacement Life (yrs) 2 4 7 10 14
Functional Complexity High High Low Medium Sharpness
Obsolescence Outdated Outdated Worn-out Worn-out Worn/outdated
# of Materials High Medium Low Low High
# of Parts Medium High Low Low High

# of Modules 5 7 4 4 5
Hazards ink toner PVC motor oils picture tube
Filthiness Medium High High High Medium

Size Medium Large Medium Large Medium
EcoDesign Focus 95 % recycle 50%  Remfg 80% recycle 80 % recycle Energy, Hazard
Recycling Value Drivers Service Parts Remfg. Parts Metals,

Plastics
Metals,
Plastics

Gl as s,  Met al ,
Plastics

Notes:
This information has been gathered from Stanford University ME 217 reports.
Special thanks to Casper Boks for providing information for Philips Television.

2.2 Product Categorization based on Wear-out life
and Technology cycle

F rom  t he ca s e s t udie s  and di s cus s i ons  wi t h re cyc li ng
orga ni zat i ons , t wo cha ra ct er is t i cs  s urf ace d as  bei ng
important in predicting end-of-life paths: wear-out life and
t ec hnology cyc l e.  As  s ee n i n t abl e 1,  t he produc t s whi ch
have  s hort  t ec hnology cyc l e re gar dle s s  of t he l engt h of
we ar- out  l i fe i ncl ude  t he com pone nts  ava i la bl e for  re us e
and remanufacturing.  Likewise, the long technology cycle
invokes a more material recycling focus for the end-of-life
products.

F urt her deve l oping t hi s re l at i onshi p,  we  pl ot te d
var i ous produc t s wi t h t he hori z onta l  axi s  as  we ar- out  l i fe
and ver t ic al  axi s  as  t ec hnology cyc l e (F i gure 1).   S ever al 
other products such as containers, automobiles, computers,
re fri ge rat or s and m anuf act ur ing equi pm ent  ar e adde d t o
t hi s gra ph for  com pa ri s on.  The  ar row i n t he fi gure  s hows 
two fundamental design strategies depending on the length
of we ar- out  l i fe.   One  i s  t he des i gn s t rat e gy wi t h ai m  of
l ong-t er m us e t o re duce  wa s te  produc t s.   The  ot her  one i s 
t he des i gn s t rat e gy ac ce l era t ing s hort -t e rm  us e for  hi gh
efficiency value recovery.

Thi s  pl ot  onl y di s pla ys  we ar- out  l i fe and t ec hnology
cyc l e,  t wo of m any key cha ra ct er is t i cs .  One  ca n pre di ct  a
m ore  s ui ta bl e end- of-l i fe  s t rat e gy by i ncl udi ng i n t he

dec i s ion ot her  key produc t  cha ra ct er is t i cs  s uch as 
cl e anl i nes s , ea s e of ac ce s s  t o com pone nts ,  re pl ace m ent 
life, functional complexity, and number of parts. While this
fi gure  om i ts  m any key cha ra ct er is t i cs ,  i t  ac cur at el y
di s pla ys  t he nee d t o ef fi ci e ntl y m axi m i ze val ue  of
re s ource s .  The  fol l owi ng s ec t ion wi l l  di s cus s  i n m ore 
det a il  how produc t  des i gner s  and re cyc li ng t ec hnology
developers can apply this categorization.
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Fig. 1  End-of-life strategy plot



Table 2  Guidelines for Product Designers and Recycling Technology Developers

Product
Category

End-of-life
Scenario

Product Designers Recycling Technology Developers

Type I material recovery ease separation of components for
recycling high quality material

develop separation technologies
accounting for different physical
properties between materials that can
not be sorted

Type II remanufacturing enhance reusability by using
common parts and modular
components in product family

develop efficient cleaning and
inspection technologies to reduce
remanufacturing cost

Type III lengthen product
life by upgrading

extend product life by modular
design of key devices which define
value of product

develop non-destructive techniques for
removal of key components

Type IV lengthen product
life by maintenance

enhance disassemblability for
facilitating maintenance

develop diagnostic technologies for
maintenance

2 .3  A pplic a tio n t o r e c yc la bilit y de sig n a nd
recycling technology development

Thi s  ca t egori z at i on of produc t s,  i n F igur e 1,  ca n s hed
l i ght on bas i c  gui del i nes  for  re cyc li ng t ec hnology
developers and product designers.  Many of the case studies
di s cus s ed i n pre vi ous s ec t ion i nform a ll y fol l owe d t hes e 
gui del i nes ,  but  addr es s ed produc t  des i gne rs .  Tabl e  2
depi c ts  gui del i nes  for  i m provi ng re cyc li ng proc es s 
technology development as well.

Type  I produc t s ar e cha ra ct er iz ed by s hort  we ar- out 
l i fe and l ong t ec hnol ogy cyc l e for  re cyc la bi li t y des i gn, 
des i gne rs  ca n ea s e s epa ra ti on of com pone nts  t o i ncr eas e 
m at er i al  re cyc li ng.   Li kew is e , re cyc li ng t ec hnology
deve l opers  ar e abl e  t o al t er  s epa ra ti on t ec hnologi e s  t o
ac count  for  novel  produc t s.   The  s hort  we ar- out  l i fe and
technology cycle of Type II products encourages designers
t o enha nce  t he re cyc la bi li t y of t he produc t  by us i ng
m odul ar com pone nts  and com m on par t s ac ros s  produc t 
fa m il i es .   The  deve l opme nt  of m ore  ef fi ci e nt cl e ani ng and
i ns pec ti on t ec hnologi e s  re duce s  t he re m anufa ct uri ng cos t s 
for  produc t s of Type  II .  The  produc t s wi t h l ong we ar- out 
l i fe and s hort  t ec hnology cyc l e s houl d have  m odul ari t y t o
enha nce  upgra dabi l i ty as  t he foc us  i n t he des i gn s t age s. 
Non- des t ruct i ve di s as s em bl y t ec hnique s  m ay be an i dea l
ar ea  of re s ea rch for  re cyc li ng t ec hnology deve l opers  of
produc t s wi t h ca t egori z at i on, Type  II I.  F or Type  IV 
products, with their long wear-out life and long technology
cycle, designers have opportunities to lengthen the product
l i fe by fa ci l i ta t ing m ai nt enanc e.   R ec ycl i ng t ec hnology
developers can focus efforts on non-destructive techniques
and diagnostic technologies for easing maintenance.

3. Product embedded disassembly process

The  goal  of di s as s em bl y di ffe rs  depe ndi ng on ea ch
produc t  ca t egory s uch as  re m oving har d par t s and
haz ar dous  m at er i al s , re t ri evi ng re us abl e par t s and kee pi ng
qual i t y of re t ri eve d m at er i al s .  Howe ver , ef fi ci e nt
di s as s em bl y i s  a key t o ca rr y out  t he i dea l end- of-l i fe 
s t rat e gie s  for  eve ry produc t  ca t egory.   The  funda m ent al 
i dea  of Pr oduct  Embe dded Di s as s embl y  Pr oce s s  we 
propos e  i s  t o em be d a s epa ra ti on fe at ure  i ns ide  a produc t 
during manufacturing and activate it at disassembly.

3.1 Advantages

Disassembly of products is very difficult due to variety
of t he produc t s.   F or i ns ta nce , t he cut t i ng pos i ti on for 
di s as s em bl y and t he pos i ti on of s cr ews  ar e di ffe re nt
depending on the each model even if they are the same kind
of produc t s.   R ec ycl er s m us t i dent i fy t hes e  pos i ti ons  for 
each different model.

We focus on identifying the essential part of currently
us ed di s as s em bl y proc es s  and m i nim i zi ng t he m ec hani s m 
for  di s as s em bl y and t hen em be dding t hem  i nt o t he
products.  The advantage of this approach includes position
i ns ens i t ivi t y, and t hus , s hort eni ng di s as s em bl y t i me  and
enha nci ng aut om at i on pot ent i al .  F urt her,  t he s am e  ef fe ct 
for disassembly can be obtained without special expensive
equipments.

3.2 Case Study: Disassembly of CRT

Di s as s e mbl y of C RT whi ch cons i s t s  of t wo di ffe re nt
t ypes  of gl as s  s er ves  as  an i l lus t ra t ive  exa m ple  of Pr oduct 
Embe dded Di s as s embl y  Pr oce s s .   C RT cons i s t s  of a pane l 



m ade  of hi gh qual i t y gl as s  and a funne l  i ncl udi ng a l ot  of
l ea d.  At  t he re t ir em ent  s t age  of TV s et s  and m oni tor s ,
CRTs are removed and separated into two types of glasses.
Al t hough s eve ra l m et hodol ogi es  t o s epa ra te  t hes e  gl as s es 
have  bee n deve l oped,  i t  i s  s t il l  di ffi c ult  t o s et  up C RTs  on
di s as s em bl y equi pm ent  ac cur at el y and qui ckl y due t o
variety of the products.

3. 2. 1 Me th odol ogy    One  of conve nt iona l  m et hodol ogi es 
t o di s as s em bl e C RT i s  t her ma l  s t re s s  cl e avi ng m et hod.
F our Ni chr om e wi re s  s et  al ong t he boundar y bet we en a
pane l  and a funne l  as  t he l i ne hea t  devi c es  ar e hea t ed.   As 
t he re s ult ,  t her ma l  s t res s  i nduce d by l oca l t em per at ure 
cha nge exc ee ds  t he al l owa ble  l eve l.   In t hi s ca s e,  s et t i ng
Ni chr om e wi re s  t ake s  l ong t i me  bec aus e  t he pos i ti ons  t o
s et  wi re s  ar e di ffe re nt fr om ea ch m odel  depe ndi ng on t he
s cr ee n s i ze .  If  t hes e  wi re s  we re em be dded al ong t he
boundar y duri ng m anuf act ur ing as  s hown i n F igur e 2,  t hi s
operation would be much easier.

Nichrome wire

Fig. 2  An example of CRT Disassembly

3. 2. 2 Pr el i mi nar y E xpe ri me nt     The  fol l owi ng
pre l im i nar y expe ri m ent  her e has  bee n ca rr ie d out  i n orde r
t o ce rt i fi ca t e t he phenom e non whe n t he l i ne hea t  s ourc es 
ar e em be dded i nt o gl as s es .   S ai m oto et  al . [ 9]  have  ana l yze d
t ra nsi e nt t her ma l  s t res s  i nt ens i ty fa ct or of an edge  cr ac k
and have  expl a ine d t he m ec hani s m  of t her ma l  s t res s 
cl e avi ng t hrough t he t heor y of l i near  fr ac tur e m ec hani cs . 
The  s pec i me n s hown i n F igur e 3(a ) i s  m ade  by hea t ing, 
s oft eni ng and com bi ni ng t wo pi ece s  of s oda gl as s  and
em be dding a Ni chr om e wi re  and t he t her moc oupl es 
l oca te d at  A on t he boundar y.  The  t her moc oupl es  l oca te d
at  B  and C (F igur e 3(b) ) on t he s urf ace  ar e at t ac hed at 
m ea s urem e nt.   F igur e 3(c ) s hows  t he s pec i me n s ubj ec te d
t o t he t ra nsi e nt t her m al  s t res s  i nduce d by l i ne hea t  s ourc e. 
To hea t  t he el e ct ri c re s is t a nce wi re , t he di re ct  cur re nt of
10A is supplied.  The resistance of the wire is 1.2 ohm, and
t he hea t  ca pac i ty of 120W i s  s uppl ie d t o t he s pec i me n
through the whole wire.

A

B

C

B
C

A

CBglass plate

thermocouple

electric resistance wire

A

100

40

10
10

            (a) Specimen geometry            (b) Location of
thermocouples

power
supply

specimen

thermometer

recorder

(c ) S peci m en s ubj ec te d t o t he t ra nsi e nt t her ma l 
stress induced by line heat source

Fig. 3  Experimental Setup

3. 2. 3 Re s ul ts  an d Di s cu s s ion s     F igur e 4 s hows  t he
temperature change observed at the location of A, B and C.
The rm al  s t res s  i nduce d by l oca l t em per at ure  cha nge
cleaved the specimen along the line heat source in about 36
s ec onds .  To s hort en t he di s as s em bl y t i me , bi gger  cur re nt
s houl d be s uppl ie d s o t hat  gra di ent  of t em per at ure  change 
becomes bigger.
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Fig. 5  Crack propagation along line heat
source

Figure 5 shows the propagation of the crack generated
at the edge of the glass.  The crack surface is vertical to the
x axi s  i n t he fi gure  and t he cr ac k fr ont i s  propa gat i ng t o z
di re ct i on. C urre nt ly,  we  ar e che cki ng t he ef fe ct  of gl as s 
geometry on the direction of the crack surface.

4. Conclusions and future work

The  produc t  cha ra ct er is t i cs  pre s ent ed i n t he ca s e
s t udie s  ca n be us ed t o ca t egori z e t he produc t s and i dent i fy
their optimal end-of-life strategies.  We propose guidelines
bas e d on ca t egori z at i on of t he produc t s by we ar- out  l i fe
and t ec hnology cyc l e.   B y propos i ng an end- of-l i fe 
s t rat e gy, des i gner s  and re cyc le rs  ar e abl e  t o s ee k
envi r onme nt al l y fr ie ndl y des i gns , and t o s pec i fy
opport uni t ie s  for  deve l oping new  re cyc li ng t ec hnologi e s . 
The goal of disassembly differs depending on each product
ca t egory,  howe ver,  ef fi ci e nt di s as s em bl y i s  a key t o ca rry
out  t he i dea l end- of-l i fe  s t rat e gie s  for  eve ry produc t 
ca t egory.   We  propos e d t he conc ept  of Pr oduct  Embe dded
Di s as s embl y  Pr oce s s .   Thi s  i dea  s ol ves  t he probl e m t hat 
var i et y of produc t s m ake  di s as s em bl y di ffi c ult ,  bec aus e 
t he produc t s em be dded di s as s em bl y proc es s  have 
func t ions  of s el f- di sa s s em bl y.  We  ar e i nves t i gat i ng t he
ca s e s t udie s  of produc t s em be dded di s as s em bl y proc es s 
based on end-of-life strategies.
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