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ABSTRACT

Take back legislation is being considered to force equipment manufacturers to be responsible for
their products at the end of life. This is causing concern for tlie whole industry as it is unsure
how it will finance such a responsibility. Having their customers !O pay for this would jeopardize
the competitive position of the European manufacturers and restrict market demand. This
scenario creates a clear requirement for the development of a more appropriate economic
situation without compromising environmental needs.

The challenge for indust~  therefore, is to increase the end of life value of its products in order to
finance collection and recycling. However, manufacturing indust~y  through its product designers,
does not currently have the capability or tools to either influence or monitor the end of Iife value

I of their products. There is therefore a need to provide the toc 1s that will direct designers’ to
optimize their product design to obtain maximum end of life value.

I

I
I

I

,.-
--]

The objective of TOPROCO is to deveIop a Design for Rec;~cling  (DFR) methodology and
software tool allowing the calculation of end-of life value of products by taking into account the
revenues from the current market for recycled material and the C( )sts of current material iecycling
technology.

~/j.  ,:g]l t]l.: _lt.,vel  . ,  , :  .nt and ,Al;’ ,.<. . . N: of will bt. delivered t(.
industry of the econ~mic benefit of properly designed products fix- end of life.

KEYWORDS

recycling, design, design for recycling, disassembly, software
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1. lNTRODUC”I’l(IN

‘I-he f3U has idcntiiiccl  Waste from Electrical and E1cc~ronic  EC uipment  (WEEE) as a priority
wasm stream. Lc~islaticm is being considered to force equipment manufacturers to be responsible
for their .products  at the End O1’ Life (EOL). This is causing cone em for the who!c  industry as it
is unsure how it wiil finance such a responsibility, parti’cularl} wit]? regard to the collection,
disposal and recycling cost of their products. The current recy( ling infrastructure is unable to
economically accommodate WEEE because of the nature of its material content (more plastic

and glass than metals). This leads to EOL equipment being genel ally categorized as having little
or no residual value and therefore viewed as a financial liability for disposal. This financial

I Iiabili~y  is further compounded in Europe by dramatic decre: ses in available landfill sites,
rapidly rising’ disposal costs and pressure from public opin oh for more environmentally

I conscious behavior from industry.
,.. .

It is clear that industry will be, forced to pay the bill for increasing amounts of waste from
. ~.
h products at EOL. However, to have their customers pay for this v. ould jeopardize the competitive.,

position of the European manufacturers and restrict market dema Id. This scenario creates a clear
requirement for the development of a more appropriate economic situation without
compromising environmental needs.

The challenge for industry therefore, is to increase the EOL wdue of its products in order to
finance collection and recycling. This can be made possible th :ough wider material recovery,
maximum value achievement and minimization of waste. Resear :h has indicated that the design

PJ”I~cess is the most annroPri~:~ place to influence the value cha n. It is recognized that 80% of
IiJ!. .tid product-ii;. - T ;le costs are con?!: tted dui; . ,is ~- (, se Howwk ‘, m ,mufacturing
industry through its product designers, does not currently have :he capability or tools to either
influence or monitor the EOL value of their products. There is therefore a need to provide the
tools that will direct designers to optimize th’eir product design to obtain maximum EOL value. ‘
This approach would be a major extension to Design for Envircmrnent  (DFE) in that it has to
focus on the total economics surrounding material values, current processes and the development
of emerging recycIing  technologies and strategies.

.3 The need for cost-effective yet highly ‘fictional and quaIi :y-reliable products with ever
decreasing time-to-market is putting product design under constant pressure for more complex
decision making within reduced time frames. Additionally t ghtening legislation regarding
producer liability  and environmental concerns throughout the t( tal product-life-cycle is adding
more and more dimensions of considerations for design optimization and compromising. On the
other hand improvements of materials and manufacturing p recesses widen the choice of
alternative realizations for a given functional solution.

Thus the design process becomes more complex and more elab(m-ate with the increasing danger
to end up in a blind hole of suboptimal  product design with r(:spect to the overall balance of
trade-offs across the fields of concerns to be taken into account.

Taking al I these impacting elements together it is tiecessary  to t ~ke a more holis[ic approach to
(hc product design activities with a specific bias towards incorporating adequate considerations
abou~  influences from Ihc a“fter-use phase into the decision making process.

CON FII)l;N”I’IAI. ‘ 1 ’ ( )  ‘I”OIWOCO ‘
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2. IIXPECTED  A C H I E V E M E N T S  ‘.

The objective of TOPROCO is to develop a Jlcsign for Recyc ing (Dl;R) toot addressing the
calculation of EOL value  of products by taking into accoimt the revenues from the marke[ of
recycled material and the. costs of current material rccyclin~  technology.

Through the development and evaluation process, proof will be delivered to the manufac~uring
industry of the economic benefit of properly designed products ~or EOL. Satisfying this criteria
will lead the way to its commercial development and ultimate a{loption as the industry standard
practice.

The result of the TOPROCO project will produce a unique systel n
be evaluated by industry and demonstrate a potential for futur;
separate module  to be integrated in the customers design process.

3. THE TOPROCO PROJECT
. . . ,
‘%. .

The TOPROCO project is a 30 months project (from Augus~
The available resources for this project are almost 20 man

approximately 2.4 MECU of which about 50% is funded by

.,,

:)

>

and design procedure that can
commercial exploitation as a

1994 until ,January  31, 1997).

consortium is consisting of 6 partners from 4 different EU countries.

years and the total budget  is
he European Commission. The

TN PRQluct-lkcyde mstestimtion Bite EuRatn II project BE-7314

Figure 1: The TOPROCO  logo

Mann Organisation is located in the UK where it is the major company handling the recycling of
post-consumer and post-industrial electronic equipment. Products handled include stereo
systems, electronic games, personal computers, workstations, n ainfiames,  disc storage systems,
printers, photo-copiers, and f= machines.

Products are disassembled and separated into material stream:;, many of which are processed
within the organization. In 1993 the Mann Organisation introd~lced  plastics processing to create
the first fully closed loop plastic recycling in the UK. Electronic equipment manufacturers are
now producing new piastic assemblies using 100°/0 recycled m:[terial from end of life electronic
equipment processed by the Mann Organisation.

The knowledge of materiais and disassembly techniques over a wide range of equipment delivers
the facility to understand downstream reprocessing and the rt Ievant issues to successfully re-
manufacture. This includes product design guidelines.

Mann’s role in the project focuses on the knowledge acquisit  ton since the recycling colmpany
will give the project input on the existing and future recyclilig  technology; But in its role as
consultant an importan[  conh-ibu(ion is given in (he dcmonst  ration task, in which Lhe pmjcct
software results will k ~ested  and compared with the real world recycling costs and revenues.

CON I; II) EN”I’IAL  TO ‘l-OPROCO
Copyri:h[  I 997 The ‘1’OPROCO Consortium issue-[Xitc: February 25. I 9 9 7



I{ RII’I;-I;(JI<AM Proicct llRl;-C’l’{)4-094 I :’1’01>1<()(”() I“()\l’l{()J\W’I’(: MKl-01’1~1)53.:.l>  ()C. 1  ‘
1’:)+. j

Mantj  Organisation is a mcmhm of an oi-ganiza[i(~n  called “l; ME I<(;” (l~lcclronics  Manufacturers
Equipment Recycling Group). 11 is mwic  up of 20 muiti-nfiti(mal  ?ompanics.  le@xs in the
electronics and business equipment ficid who manufacture or distribute in Europe, (including the
Eut-opcan  plants  of companies like IBM, Panasonic, I-lewleltI’ack:~rd.  Motoroia,  and Rank
Xcx-ox).  These companies arc grouped into a “user Interest Group” that serves as a soumi board
lor tile project and potcntiai user group ofa commercial spin-off.

GEP is a German subsidiary (GEP - Geselischaft  fiir Mwickiungsberatung  und Produkt-
Recycling) of Dain-tier-Benz, wi}ich  is active in consulting geared towards “ Desigl-For-
Enviromnent”  (DFE), including the analysis and evaluation o- existing and newly designed
products with respect to their environmental y friendliness as veil as dismantling, sorting and
recycling of electrical and electronic equipment maini  y for s~ Ich product categories as data
processing equipment and control’ instruments.

The dismantling activities are set up to meet the German regulation for scrapping electrical and
electronics equipment (Kreisiaui%irtschaftsgesetz.  EIektronik-Scl  rott-Verorclnung),  due in 1996.

GEP provides the project management fimction to the project. It; other tasks in the TOPROCO
project are comparable to MANN’s tasks: providing the other par triers with recycling knowledge
and testing the concepts and software with demonstration product designs.

ELCO VAYONIS S.A. is a major Greek manufacturer of houst  hold electrical appliances. The
two main product categories are hot water tanks and cooking ap~ liances.  The company employs
about 400 people and the manufacturing site is located in Athens, Greece.

ELCO has a strong tradition in being self-sufficient in terms sf the rc Iated know-how. The
p r o j e c t s  ti:~ the R&D cicpartm~,  :;~ l-o; n basic researcil :0 ~ aci:..lle  design. However>
recycling-oriented product design is a new area of expertise. EL~O rea!iies  that recyclable
products will have the competitive edge on the markets in the near fiture and is therefore
interested in implementing a product design which will minimize the cost of recyciing.

IAT is a university institute of the University of Stuttgart, whit h currently has 75 empioyees.
IAT’s main activities are in the area of technical design, de Sign methodologies, life-cycle
engineering, Simultaneous Engineering, infofiation  systems a ~dr tools for development and
production” planning, as well as business management. In these areas knowledge is spread by
consulting projects with manufacturing companies out of varic MS branches and sizes., which
contribute up to 40°/0 of the annual budget of approx. 6 MECU (a~ ~p. $ 4“.5 million).

IAT sees its role in bridging the gap between research and industry due to knowledge transfer
and applied research. Therefore the I AT closely collaborates w .th the Fraunhofer-Institute for
Industrial Engineering, which is active in simiiar fields of work ar .d employs another 110 peopie.

The experience, methods and software gained in “the project are expected to bring benefit to
future developments and to European cooperation with research and industry, thus contributing
to environmental awareness and recyciing  and cost optimized pro<lucts.

IAT’s task in the project is to design the methodology togethe] with WTCM and prepare the
input for the actuaf software development.

WTCM-CRIF  is the private research center for the Belgian Metai  working industry. It represents
i 800 member co?npanies  involved a wide variety of activities ranging  from basic products [c)
complex industrial installations, ‘l-he institute has 7 departments covering various technological]

~ONFfl)ENTIA[. TO TOPROCO
COpyri@t I 997 Tile TOPI<OC()  (knsmlium .Issuc-l>ntc: Fel>ruaty 25. 1 9 9 7



liclds (Mecl):lnical  Iingincering. I)lastics. l:oundry. Steel  COnslrlic[i(lll I’rcssurc  VcSsels. S u r f a c e

‘1’m(mmt and  Automation). I t s  Mechanica l  Engineer ing  dcp; .mnent wrks in the areas of
machine design, Cl M, CA IYCAM and manufacturing technologi(:s.

WI-C M designs together with I A3” (he mc[hodology  and is responsible for the software
development wilh support from SNI.

Sien]ens-Nixdorf Belgium is a sof~ware development center, of the Belgian subsidia~y of
Siemens-Nixdorf In formationssysteme,  a major European inforn ~ation technology. As a vendor
of CAD-products SNI participates in the development of the S( ~ftware prototype and exploit it
on the market.

Knowledge
Acquisit ion

V Disas:e”mbly
V Materials

,r$

./.$
recycling universities &
companies research centers
MANN 1A T
GEP WTCM

system e n d - u s e r s
deveiop( !rs
WTCM ELCO
SNI GEP

Figure 2: Partners’ role in the TOPROCC project

The partnership is highly complementary and rnuhi-disciplinar  y, combining the effort of the
material recycling comnany  MANN Organisation with consuI:  img companies in the area of
. . . , .’. ~ ~~ ~~-~r, f ,, ;;dge acquisition side, J.AT an i WTCM as M.D .>enters  a:id

s~;stem-  developers with the support ot’ one of the biggest Europe m system developers SNI. The
system will be validated and tested in the design environment of the end-user company ELCO
and by the DFR consultants in the’ir role as end-user.

4. RECYCLING SCOPE

RecycIing  is a general term used for a broad scope of the processes ranging from incineration of

.3 household waste with heath recovery until the second hand marke [ for e.g. cars.
,.

The Design For Recycling methodology in TOPROCO is limited in the recycling scope as far as
it concerns the recycling processes as the product range. TOP.RC CO evaluates a product design

I with respect to material recyc[ing  as far as this material can be rc used in equivalent applications
and products. This is only a limited scope compared to the totaI recycling scope as defined by the
VDI 2243 (VDI 1993) (See Figure 7) creating levels of recyclin: going from reuse to (material)
dew-n-cycling. Also as far as the type of products TOPROCO  li:nits  itself  to the assessment of
elec[romechanicaI  and electronic products and equipment. Ths implies the most important
material category is plastics. Concerning the product choice it is not really a constraint if you
know that the whole European Union is producing about 6 millii)n  tons of plastics a year and 4
million tons electromechanical and electronic waste a year (EFIEA 1994). The demonstration
products in TO PROCO are a keyboard, a.vacuum  cleaner, a boile -, an oven door, a pump control
uni[ and a monitor.

5. PRODUCT DI3SCR1PTION

CONFIDENTIAL ‘K) “IOPROCO
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l)cvclopmcnt  ~~i’ illl assessnint  system  f o r  end-of  li fti cos(s  during cijnc~p[llal  design is l~r the

cksigncr  a valuable complement to the widely available commercial “Design for X“ tools. These
Iools like e.g. Design for Manufacturing, Design for Assembly. Design for Serviceability take
into account other lil”c-cycle phases as production processes. ass~~mbly,  maintenance while up to
now [he fast increasing end-of-life cost of conventional disposa  I I and filling, incineration) were
never. ~aken into account. During the detailed design phase, uslal]y performed with help of a
CAD syst’em.  it is generally to late to design the product for rec~fcling.  The TOPROCO system
is dlerefore aimed at the “functional parts list” design stage and cannot make use of the product
mode] described in the CAD system.

Q“

Figure 3: The recycli

“4resl car
I

WE DING OR

.m:wkl jj–J ““ b
cam Car dcor E4

n g  p r e c e d e n c e  g~aph

The product description used in TOPROCO is the so-called “recycling graph”, a graph which
connects the components with physical relations (the fasteners) and the logical relations with
respect to dismantling. These logical or blocking relations between the components indicate a
component or a fastener has to be dismantled before a se ;ond one can be reached or
disassembled. This recycling path is not always unique, so that sometimes an “OR” operation
has to be inc[uded in the blocking relations. So can the steerin[: weel,  of a car be removed by
taking of the roof or by removing the door. But even that is not C( lrrect:  The door doesn’t have to
be removed. Opening the door is sufficient to remove the steering wee]. (See Figure 3) This is an
indication that the “relation blocks relation approach” is more general than the “component
blocks component” approach. This-was at least the conclusion oi’ a more in depth research done
as part of the TOPROCO ‘project.

6 .  R E C Y C L I N G  STI<ATEGY  ~~

CONFIDEN”l”i  A1. ‘1’0 TOPROCO
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Omx lhc proclLIc( i s  k,cribcd, IIW (iii’fercn[  recycling al[crno{ivcs can hc assessed. ‘1’hesc
rccycl ing al tcrnativcs  arc rest ~-ic(cd  by the processes  used in .he rccycl i ng companies Mann
Organisation and GEJ’ participating in the TO I’ROCO  project. ( hly (I1OSC  processes used in the
companies are modeled in tlm calculation logic of die software protolype.  Care has been taken
Iiowever  that when the prototype wi 11 bc used in another cnvirom nent the recycling processes can
easily be added or updated in order to be able to incorporate the processing of new material
streams. These processes are documented, using the IDEFO mode] ing technique (See Figure 4).

i n p u t
-

/
control

d“

ACTIVITY X
output

&Y

Imechanism

Figure 4: IDEFO modeling techniq ~e

For the whole set of IDEFO activities documented in ‘LTOPROCO’S  virtual recycling company”
chart a cost formula has been generated based on the Activity Based Costing paradigm. Four
important criteria have been kept in mind when selecting and detailing these formulas. First,
what are the cost drivers for this activity. Second, because we {ion>t want to overload the user
-“:”+ a huge ~;]mber  of questions  (especially not when t!w overa,1 contribution of this activity ;s

. . .!>le) ..<& ., ;,:, ~i:. w IL.Li)r +~t ~~ I~rS ,. ..{ -. this : ,tivity SO the thi.d

questl~:~  w=’ how important this activity was cw, pared to the :otal recycling cost. And fourth
and most important question checks whether the designer can i influence the cost or revenue of
this Activity. Our research ‘pointed out that the actuai disassem b] y aitiviiy  accounted for only
between 6 and 20 % of the total recycling cost but can certainl]r  be influenced by the designer.
On the ‘other hand a non neglectable  part of the recycling cost is consumed by the unpacking of
product brought to the recycIing company because the product is taken out of the market being
outdated by a newer version. But the packaging is hardly bt ing influenced by the product
d e s i g n e r .

The recycling strategy is in fact a search for the optimal disassem bIy depth. It is clear that when a
product at its end. of life is not disassembled at all no disasse mbIy costs are incurred but no
material revenue will be created. In the majority of cases the proiluct  will end up on a landfill for
which has to be payed. The other extreme is when a product is di:;assembled  until  all components
are separated so that the material revenues are maximized. Btlt the disassembly cost will be
skyrocketing in this case. Somewhere’ in between the optimaI disassembly depth can be found.
The cost calculation of the recycling of the product is a semi-autcmated process. On one hand we
are well aware of the fact that the average designer is not a~~are of ,the recycling processes
avai Iable now.

CONI;IDEN-I’IAI.  “1’o “l-OPROCO ,
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.:
.,

---’. ,

.)

Disassembly ccst

Total cost

I Optimal OISASSE ktBLY  DEPTH

Material Disassembly
R e v e n u e D e p t h

REVENUE
I

Figure 5: The Optimal Disassembly l)epth.

On the other hand would the automatic generation of the optim;  d disassembly strategy, although
from research point  of view very interesting and challenging, c,iuse the calculation of 100 much.
recycling alternatives,,  most of them being obviously sub-optima! for the overal  design. Therefore
we will support the designer when he determines the “CIU reps”. A clump is a group of
components in a product which will be processed in a recycling ;ompany  in the same way (i.e, in
one fraction).. When the designer is putting several componenls” in one clump, the TOPROCO ‘
system indicates in which material stream or fraction this c ump can be processed, if any.
Otherwise this clump be threated as waste.

In the next phase the designer decides which clumps are act~lally  worth to be disassembled.
Therefore the TOPROCO system lists the clumps in decreasing, recycling value. This value ~
,. ..” .-”,~ql l.> .r.~1~ ‘d “original -estimated revenue” indicates \vhat th;  ?rk+”t:~nal  rev~ ,- [e WOLI ‘,< be if ‘
,Ile . , wide to recycle this clump a: i .,: ;;.“; C ‘- w :0$}, Iis ‘ai~e inclu  k% the
material revenue or resaIe value (of a spare part, if the desigl  ler kriows this value) minus the
disassembly ‘cost of this cIump and the d@ssembiy  cost of clumps that prevent the actual
interesting clump to be recycled immediately. What also is taken into account is the fact that by
removing a hazardous materiaI clump the rest of the product, die so-calIed “remaining clump”,
could possibIy  go into a cheaper landfill.

Once the designer has decided to disassemble a particular clum p the exact revenue is calculated
taking into account which other clumps have also been recycied  up to that moment. So the
disassembly’ cost of breaking fasteners between two clumps both to be disassembled is split
between both. This exact revenue includes not only the disassel nbly costs and material revenues
but also e.g. the cost for storage of the (plastic) material and ow :rhead  costs. Now the first clump
is disassembled it is possible that the effort to be done to recycle other clump drastically has been
decreased, in an extreme case a clump can even be disassembled for free because he was
blocking the first clump. This change in additional effort is ind cated  by the “updated estimated
value”. This update estimated value gives an indication of the v due (or cost) when recycling this
clump, taking into account the clumps which are already disassembled, whereas the original
estimated value irrespective of the other clumps (recycled or net). The output of the TOPROCO
system’will  give the designer an overview of costs and revenues per clump and per activity in the
recycling company and a comparison with previous designs ( ~r recycling alternatives in a bar
chart. This will help in the determination of those components and relations that are subject to,.
considerable improvements in the design from recycling point  o f view.

7. DESIGN  SUPPORT SYSTEM

CONFIl)l~N”l-IAl.  “lo ‘1’(>1’ROCO
Copyright i 997 l“hc ‘l’OI)ROCO COnsOr[ium
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Guiddlinys  will give [he designer ~ set of rules Iilr design for Ccycling.  “l-he ~esi.gn Support

System is  access ib le  in  two diikrcnt  ways.  After h a v i n g se] cc(cd dx menu ; km ‘ Iksign

SLIpport’ the Design  Support System is activaled. Individual -de access k provided by an
hierarchical strltcture. Design Support System access is possibl: also context-sensitively from
various interaction windows and from the system output” scrxx:ns. By means of the detailed
s},slelll  Outptlt’ tI1e user is given irlfornlalion on ~vhich  c] umps ar~: responsible for which amount
of the total cost, and on how much cost is contributed due to each processing activity. The design
engineer will be shown a list of all relevant rules for the desired :ontext. Each rule is elaborated
in more detail by explanations, graphical” examples, information m the impact and applicability
of the rule, as welI as further support tools SUCI; as material :ornpatibility  matrices. For all
processing activities generating cost within the recycling cc mpany the forlmula is given
accordiig  to which the cost is calculated. The formulas give the design engineer an indication on
how to design cost-efficient products.

This way the designer will be guided in both”the  original and the :edesign
overall objective of designing a product with a positive end-of- lifi: value.‘: \,,,
S. SOFTWARE  DEVELOPMENT

of his product with the

The software prototype based on this assessment method is a sta rid-alone PC based tool written
in Visual C++ and using a MS Access database. Th;s database n{ t only ‘stores the product model
but also all the cost information of the processes in the recycling c ompany.  Since recycling is due
at the end of the product-life many factors, which should be cor lsidered within the selection of
.L - ~~*ropriate  recy~l ~ng r~ncept,  Wi I T ~]- ?nge. Wwrefore  it is ver .{ vl~Or_ta!T+  ‘a “ k“ qeneral  C O S t

. . . . . of mat;. ib ~. .“’e. . . . . . V’G ~ J, la; ‘ ‘.:”’ .tc, ‘U.. : -’* ‘xuon to get a
realistic detailed picture of the real life-cycle cost. The integrati( m of tnese trends in a scenario
modeler will allow additional evaluations in an easy way within the software. Therefore cost
wends for each variable in the cost formulas of the virtual r tc ycling  company have to be
established.

.

1.

Figure 6: System Overview

9. TOPROCO’S SHORTCOMINGS & FUTURE D1,VELOPMENTS
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‘l’hc  partners i n  t h e  ‘I(JPR{KO projccl h a v e uIKkrstood  a I urnbcr o f  d r a w b a c k  of t h e i r

dcveloplilcnt  that are too complex to bc tackled by this relativ(:ly  small project. On the other
hand these problems are fundamental and need to be solved to i:ome to DFR tools relevant for
and successfu  I in industry.

First, TOPROCO  is mainly  based on the present cost of the curr{mt  material recycling processes
and technology. Also the DEMROP (Design and evaluation method for recyclability of
electromechanical products) project, another Brite-EuRam 1 I r reject (BE-7073) evaluates the
value of the recycled electromechanical products at their end of iife. This project focuses more
On the automated dismantling. The whole product is put in a shr:dder  and the material fractions
are separated afterwards. This approach is especial I y valuabIe  fo: a smaller type of product with
a high mixture of materials for which it is economically unfeasil  de to dismantle the components
manually. But since automated material separation methods : ~e not yet so sophisticated to
separate especially plas~ics  into fractions which can be reused in the same high tech applications
as e.g. electronical  products, one should speak about materiaI do vn-cycling  instead of re-cycling

1 .,j\ in this case.

.+- ;,

.)

,: *. Product reuse,,,,-:. ; ,.,,-,2Z: it,:<,: ;,<34}:4. WIEDERVERWENDUNG
: .?:,; : >~;,+. .

y
WEITERVERWERTUNG

Sc wee: VD/ 2243

Figure 7: The Recycling Scope.

The major drawback with both projects mentioned above is that they do”” not return the reaI EOL
value because they don’t consider the complete range of options for revenue generation (See
Figure 7), but only a specific recycling technology Especiall:T  component reuse, although an
important potential source of revenue (Sun Microsystems is earning 6 MECU (app. $ 4.5
miIlion) per year by reselling used computer parts) is not ccmsidcred.  .

Secondly these projects hardly take in?o account the future revenues and costs nor future
recycling technology. An important influence in the valuation of a product at its end-of-life is in
fact the evolution over time of the material and component prices and costs. Classical approaches
to model these price evolution have not given the expected results. Evolutionary algorithms, used
in genetic programming show be useful techniques when other classical
possible.

Third, to gain acceptance in an industrial environment any cn[,ineering  tool
need to be completely integrated in the current design process. The mostly
coNf’1  DENT1 /!& ‘ro TOPROCO

techniques are not

l ike  the DFX tools ‘
used and generally
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rcxmgnizcd  IOOl fbr product design appl icalions today is CAD. Al: ht~ugh  cffcclivc  in mceling  thti
need.s Ofthe”dcsigncr  in the arc:;  Ofcil-afting  tile product  as sllcil. it ilas 110 abiiity 10 give sight of
eitiwr tile value or iinanciai  iiability  of ti~c product at EOL. Product data technology has been
topic of various national and international rcsearcil activities over :ile  ias[ years.

One of the most important developments in tilis area is the prl }duct model speciilcation  1S0
10303 (Product Data Representation and Exchange) that is also k~]own under the acronym STEP
(STandard  for the Exchange of Product model data). The goal of this international standard is, to
define a product rnodei  specifying all product related informs! ion necessary to describe the
product over its whole life cycle in a formal and non-redundant w ziy. Product reIated information
also comprises (static) information about the processes performed STEP, however does not (yet)
include recycling or environmental information in the data rnod~  ;i. The integration of the DFR
tool in the design process through STEP based data modeling. A DFR product model. based on
the current available STEP product model, which guarantees the integration of the system in
practical] y all design environments, will be expanded where ne~:ded to fulfill the needs of the
recycling environment. Via the STEP interface the necessal~ characterics of pre-designed
components used in the product can be imported in the TOPROi20 tool and on the other hand
the structure of the product can “be re-used as e.g. BOM i I the CAD or Product Data
Management  sys tem.
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