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Abstract—: The following research documentation
focuses on building a network for reverse logistiab
products that are taken back for disassembly amival of
reusable components for remanufacturing. The @oab
achieve optimization between the costs and thetering.
The paper outline also an innovative approach desigo
support the establishment of a new socio-economisin
able to reduce products manprint

Keywords—Clustering Algorithm, Disassembly,
Optimization, Recycling, Remanufacturing, Reuse.

V. INTRODUCTION

HE rapid development of today’s technology and

appetite for latest models of goods and products by

consumers are fuelling the rate at which new
products appear every day. This leads to an inerias
quantity of used and outdated products for scrappin
The greater part of the scrap comes from autormmbile
household appliances, and consumer electronic good
and at an increasing rate from computers. The
requirements of the consumers determine the guantit
of the products thrown away. Except the technical
innovations, the different rate of living and the
purchasing capacity also influence the problem.
It is required an appropriate algorithm to provide
convenient summarisation and consistent grouping of
the products thrown away in order they to be
transported with less costs and resources and to be
remanufactured. Manufacturers have started tozesali
that they must turn their attention to the develeptrof
new methodologies for reverse logistics. These
investigations are based not only on economical

Manuscript receiveéebr. 3, 2008: Revised received May 15, 2008

R. Revetria is with the DIPTEM, University of Genowia
allOpera Pia 15, 16145 Genoa, Italy (correspondaghor to
provide phone: 0039 320 7982156; fax:; e-mail:
roberto.revetria@unige.it).

P. Giribone is with the DIPTEM, University of Genogia
all'Opera Pia 15, 16145 Genoa, ltaly (e-mpiero@itim.unige.it

F. Oliva is with the DIPTEM, University of Genoaawall'Opera
Pia 15, 16145 Genoa, Italy (e-mail: francesca.@uaige.it).
E. Nikolaeva Nikolov, is with the Technical Univiaysof Sofia,
Bulgaria.
G. Chavdarova Peneva is with the Technical Unitersf Sofia,
Bulgaria.

Issue 2, Voume 2, 2008 125

reasons, but also encompass many different
environmental manufacturing problems. The balance
between the economical and the environmental factor
is also under investigation nowadays.

As manufacturers change from isolated actors to
integrated network partners, they require effectine
efficient Supply Chain Management (SCM) strategies
for materials, components, and products. SCM cim he
speed up the reverse logistics through the avétiabf
advanced information technologies to support the
networking of environmentally conscious product
suppliers, manufacturers, distributors and custemer
The goal is to provide a way in which original
equipment manufacturers (OEMSs) can reclaim various
models of a product for remanufacturing. Guidelet a
[1997] pointed out that the operational charactiess

of remanufacturing are different from their
manufacturing counterpart [1]. Therefore, SCM for
remanufacturing has to consider the reverse logists

an integrated function of an enterprise [2]. The
challenge here is to model the system so thatrit ca
facilitate both intra- and inter-enterprise supphain
networks for collecting and remanufacturing EOL
products. This network can be modeled as a
Bidirectional Supply Chain, where products flow in
both directions:

[JA Reverse Supply Chain representsthe products
collected from consumers and businesses and returne
back to manufacturers, often via distributors.

[JA Forward Supply Chain represents the flow of items
from the suppliers to the manufacturers to the
distributors and finally to the consumers. New
components and used products are delivered to the
manufacturers, who remanufacture the products befor
they are distributed to customers at the othercdritle
supply chain.

This paper presents a reverse supply chain of
equipment moving from the consumers through the
collecting, sorting, disassembling and recyclindneT
following sections review the literature in the aseof
clustering, planning for disassembly  and
remanufacturing. Section three describes the stafjes
reverse supply chain and clustering algorithm fogni
the network of feeding lines from consumers to the
public places for “worn- out” products. Section ifou
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presents optimal solution and illustrates an exampl
Finally, section five provides some conclusions.

V. LITERATURE REVIEW

Some social investigations pointed out that evergry
one European throws away about fifteen kilograms
electrical and electronic equipment. This meang tha
more than six million tones of computers, televisio
sets, refrigerators and other technical devicedaiay
thrown away. This number continues to increase.

A lot of publications and projects have tried tvega
decision of this problem. Most publications in this
direction reveal different representations of ailfpons

for data reduction. Applications of clustering ead®
many diverse fields (establishing taxonomies; &ffic
retrieval algorithms in computer and information
science; grouping of test subject and of test itéms
educational research; and so on). The range of
algorithms which have been proposed (for most part
since the early 1960s with the advent of computing
power on a wide scale) has been correspondingig lar
Most published work in Cluster Analysis involvesth
use of either of two classes of clustering algaomith
hierarchical or non- hierarchical algorithms.
Hierarchical algorithms have been dominant in the
literature. Each of the many clustering methodst afn

the many hierarchical methods- which have been
proposed over the last two decades has possibly
advantageous properties. Many textbooks catalogue
these methods. Non- hierarchical routines also have
been widely implemented. Closely related to thelsin
linkage hierarchical method is the minimal spanning
tree.

Previous work in the product disassembly and réugcl
can be classified based on of three techniques:
disassembly  scheduling, disassembly sequence
planning and mathematical programming. A novel
scheduling algorithm presented by Taleb, Gupta
and Brennan addresses the issue of parts and atsteri
commonality when scheduling disassembly [3]. In a
disassembly environment, inventory management is
complex due to the presence of multiple demand
sources at the component level of the product tstrec
Commonality introduces a new layer of complexity by
creating alternative procurement sources for the
common component items.

It has been presented an algorithm for schedulieg t
disassembly of a discrete, well- defined product
structure. The principle surrounding disassembly
scheduling of a product into components is somewhat
similar to material requirements planning (MRP).eTh
algorithm determines the disassembly scheduleter t
components such that demands for those components
are satisfied [4][5].

Disassembly sequence planning deals with sequencing
disassembly operations so that system resources are
fully used. P. Veerakamolmal and S. Gupta applied
planning and sequencing procedures to create an
efficient disassembly plan that minimizes procegsin
time, and, thus, disassembly cost [6]. The techmiqu
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stresses the significance of product structure
representation, clustering of component moduled, an
disassembly sequence. The result is optimal makespa
schedule for the disassembly plan.

Recently, some authors have applied mathematical
programming to disassembly. lIsaacs and Gupta
investigated the impact of automobile design on
disposal strategies by using goal programming teeso
the program. The authors explained the increasing
interest of automobile manufacturers in designigpt|
automobiles and their effectiveness on recycling an
reuse. Several case studies represented to deatenstr
the method [7].

Hoshino et al. used a mathematical model to analyze
probability and recycling rates for recycle- oriesht
manufacturing system. Goal programming was used to
solve the maximum limits of two performance
measurers: total profit and recycling rate[8].

For additional literature on disassembly and
recycling see Moyer and Gupta and Gungor and Gupta
[9][10].Please submit your manuscript electronicall
for review as e-mail attachments.

VI. PROBLEM STATEMENT

| The problem demands finding an optimal way for
the “worn- out” products to reach the plants for
remanufacturing. Most often this process is divided
two main levels, known at the literature as “fegdin
line” and “line haul”. Figure 1 illustrates visuglthe
problem statement. The first level describes tloe@ss
the products are moved from the consumers (the firs
point) to the middle point. The second level ignir
middle point to the remanufacturing plants (enchpoi

FEEDING LINE LINE HAUL
— mA
._ ——nB /®
——pC B
._:l I | &
@ — L ©
@ . ®
@ — ®
o - ®
first point middle point end point

. Public or private places for scrap

m, n, p, 4, ... - quantity of various components/products
A, B, C, D, ...- kind of component/product

@ - remanufacturing plant for D components/products

Fig. 1:Problem statement

The first point is a group of many public and pteva
places for old technical products and componerte. T
public ones are for households and the private anes
for business companies that also give big parthef t
“worn-out’ products. It could be said that thisvatie

and public places in the first point are “almostefl”
because there is not so wide possibility to chabe#
location. They are located near to the consumers in
order to be easy for people to throw products away.
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The middle point is not fixed. Its location is sjfied

by algorithm that could give the optimal price dinde

for the transportation of products and componértgs
situation, that requires an appropriate algoritbrfotm

the transportation network, is illustrated in Figr

The second level of the problem is concerned with t
mentioned line haul. It is about determining thenber

of products to disassemble in a given time period t
fulfill the demand of various components during
different time periods. This requires a method of
determining the timing and the number of produots t
disassemble to obtain the desired number of
components to supply for remanufacturing. In additi

if there is an insufficient number of a product italzle

for disassembly, an order for the components from
external sources must be issued to fulfill the glesied
demand (Figure3).The exact problem statement Isere i
finding a technique to determine the vyield of
components from a batch of mixed products.

@ &
optimal way between
. the points - .

. Clustering algaorithm .

[not fixed points ]

An appropriate
algorithm that finds

E‘almost fixed points'j

Fig. 2: Kind of algorithm required
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Fig. 3:Possible different destinations for a reegicl
component
VII. M AIN PROBLEM SOLUTION

In this section a sequence for finding an optimal
solution for collecting, sorting, disassembling and
recycling of products is discussed.

In order the different demands of various compament
to be fulfilled a batch of different products haslte
disassembled. The cost of remanufacturing products
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with disassembled components may be influenced by
additional factors.

A. Clustering Algorithm

When the old technical products are thrown away the
main problem to be solved is how they to be
transported in less cost and to be disassemblecdir

to fulfill the demand of components. There is an
algorithm giving a solution for forming an appraxs
transportation network. It is known in the litenaas
clustering algorithm. The application of its hiataical
version is highly effective and is appropriate witee
transportation of stored products has to be impmtove
Its effectiveness is measured by time

and space efficiency and also regards some external
factors (such as amount of relevant materialsenatd,
variety of products). The degree of clustering also
influences the effectiveness of the method: when th
percentage of the clustering is higher, the costs a
lower, and vise versa.

Since no effectiveness can be reached this way, the

cast

-~

optimal
cost

-
-

optimal clustering, %

percentage
method proposes an optimal decision by regardieg th
clustering and the expenses. The approximate point
where the percentage of clustering and the cost mee
the optimal solution is shown in figure 4
Fig. 4:The optimal solution

Another advantage of the hierarchical cluster aislig

that it can be visualized by so called dendrogrém.
provides a resume of many of the proximity and
classificatory relationships in a body of data.other
words, when a batch with various products has to be
transported and disassembled, a dendrogram clearly
illustrates one possible acceptable decision (Eig)r

The algorithm can be easily realized by using
implemented software.
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Resulting dendrogram |

Fig. 5:An example of dendrogram

B. Supply and demand of products/components

The problem formulation considers a set of demand
constrains that must be satisfied. Suppose there ar
different types of products to be disassembleduldlf

the demand of various quantitiesrafcomponents (P

P,, ..., B). A set of supply constraints is assigned to
account for components availability in the products
Components structure differs from one product to
another. This means that not all the componentsnare
every product, and there may be multiple components
of the same type in a single product. In addititwere

is a set of precedence constraints to disassemble a
product. The precedence relationship of subassembli
plays an important role in finding the strategy of
sequencing components for removal. For example, a
sequence to disassemble a product could he-fR
>Ps}, but the sequence to disassemble another product
could be {R->Ps->P,->P,}. To reach componentsfn

the first product a disassembler must first remove
component Pand B while in the second product, the
disassembler needs just to remove componenT e
result is that it may take less time (and hence less)

to retrieve R from the second product than from the
first.

Major costs in the system are acquisition, disabfem
labor, and disposal. Of the three, disassemblyscarst
most challenging to calculate. Furthermore, becthese
disassembly process, considered here is driverhdy t
demand of the components that can be retrieved from
more than one type of product, we need to determine
the yield of components from a batch of mixed
products. To meet these objectives a methodology is
presented to determine product disassembly timgn (bo
for complete and partial disassembly) and the yi#ld
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various components from the products. Finally,inal f
the most economical combination of products to
disassemble, mathematical programming is applied to
solve the aggregate- planning problem of fulfillitige
demand for different types of components, keep the
quantity of partially discarded products in cheakgd
incur the lowest disposal cost.

The model assumes that:

e There is ample supply of products that have been
disposed of at the end of their lives.

* There are multiple types of products with common
components.

e« Component quality is consistent throughout the
product line.

» The planning cycle is one period.

e Sequencing of the disassembly process is known
(see Veerakamolmal and Gupta for a methodology)
[11][12].

* No inventory of components is maintained.

e There are disposal costs for each leftover
component.
The analytical solution involves the following

nomenclature. These terms are important in ordéeto
made list of equations that are the most imponpamnt

of the solution. This is the way to reach the
optimization model of the problem.

C.The Optimization Model

As mentioned above, in this section is presented an
optimization model o find a batch consisting of
different products to disassemble in order to Hulfie
demand of various components.

There are additional cost factors that may infleetie
cost of remanufacturing products with disassembled
components. Such factors include the percentage of
good quality components, the component’s shelf life
and the actual demand for each component. Once
disassembled, broken (or sub- standard) components
are immediately tagged for recycling/ disposal. yrhe
must be recycled for their useful material conteanid

any residual must be properly disposed of.

A component is said to have a positive demand
attribute if it can be used for remanufacturing. tbe
other hand, the demand would be zero for a comgonen
which may be outdated and, thus, cannot be used for
remanufacturing. Following disassembly, quality
components are sent to remanufacturing. Those with
shelf lives (SL) of one or more period(s) can e

in the remanufacturer’'s inventory for use in the
subsequent period(s).
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Table 1:Used nomenclature

A subassembly nodein product;

CF recycling revenue factor ($/unit of index scale)

CJ, recycling revenue index of componéhf(index scale O=lowest, 10=highest),
CP()) common disassembly path of the component.lish (product;

CRR percentage (fraction) of recyclable contents bighiein componenk;.

D; Vector representing the total demand for compoRginit);

DF disposal cost factor ($/unit of index scale);

DI; disposal cost index of component;

DR(P) disassembly path of componédhtfrom the root node of produit

DW, weight of componer®; (Ib.);

l; row vector ofi one’s;
I identity matrix of rank;

LS(Aik) leaf successor set of subassembly foiheproducti;
LS(Au) set of selected leaf successor of subassemblylnimdproduct;
LS(Roof) leaf successor set of the root node in product
LS%(Root) set of selected leaf successor of the root nogedaduct;
m total number of components in the problem space;
MS process makespan (time for the disassembly andvatiof the componés from the product
(unit time);
n total number of products in the problem space;
P componeny;
PC processing (e.g. disassembling, sorting, cleand@mtification and packaging) cost per unit
($/unit of index scale);
i multiplicity matrix representing the number of eagpe of componer; obtained from each
Q of producti;
quality control variable representing the perceatgdgaction) of componeri;s obtained from
QPR each type of produgtthat are not damaged;
Root root node of the product
RV; Resale value of componep{($/unit);
s total number of subassembly nodes in prodtuct
S Vector representing the supply of produfrom all sources;
SL shelf life;
Sulby subassembly nodeof producti;
T(Root) time to disassemble root node of the produchefdroduct (unit time);
T(Aw) time to disassemble subassemnbfyom product (unit time);
TG cost of acquisition and transportation for produ& unit);
TD; total disassembly time for every component in piad (unit/unit);
TD?® total disassembly time for a set of selected carapts in produdt (unit/time);
TCR total recycling time revenue ($);
TDC total disposal cost ($);
TPC total processing cost ($);
TRR total resale revenue ($);
We matrix representing the number of units of compofeobtained from produdtthat may req
I recycling and/or disposal;
W, vector representing the total number of units ahponent Pthat may require recycling and
! disposal;
Xij matrix representing the number of units of compoferetrieved from produdtused to fulfill
total demand for components;
Y vector representing the number of each of produncthe batch to be disassembled;
Yij matrix representing the total yield of the numbecomponent Retrieved from produdt
f Integer Programming (optimal) objective value;
a—‘ the smallest integer that is larger than or equal; t
{Bi} element in rowi and columrj of matrix B;;
{v} Thei" element in vectoy;;
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D.Figures and Tables

1) The Objective Function

The objective function consists of four major terms
viz., total resale revenue (TRR), total recycliegenue
(TCR), total processing cost (TPC), and total déspho
cost (TDC) as follows (1):

MaximizeZ=TRR+TCR TPC TDC (1)

TRR=)

i jD;>0
and
P;0LS® (Root; )

TCR =CF.
i jDf>0
andSL=0
and
PjOLSs(Rooti)

+3 3 (@-QR)Cl,.DW,CRP {(Y,.1,)Q,})

i j[Dj>0and (QPj <100%)
and
PjOLSs(Rooti)

Total Recycling Revenue

TCR is calculated by multiplying the component
recycling revenue factors by the number of compbnen
units recycled for materials as shown in (3).

Note that each component has a percentage of
recyclable contents (CRP(the portion not recycled
must be properly disposed of). ;@ the recycling
revenue index (varying in value from 1 to 10)
representing the degree of benefit generated by the
recycling of component ;P(the higher the value of
index, the more profitable it is to recycle the
component), DWis the weight of the component, QP

is the quality control percentage, and CF is the
recycling revenue factor.

Total Processing Cost
TPC can be calculated from the process makespan
(MS) and the processing cost per unit time (PC) as
follows:

TPC=PC.MS (4)
Where MS can be calculated by:

MS=>TD° (5)

i [

And in turn, TD® can be obtained as shown in (14)
[Veerakamolmal and Gupta, 1998]:
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SRV LX) +

Each term is described below.

Total Resale Revenue

TRR is directly influenced by Rvand TG. RV, is the
resale value of component, Rnd TG is the cost per
unit of acquiring and transporting product i froiret
distribution centers (or collection sources) to the
disassembly subsystem. The revenue equation
represents revenue less the total cost of product
acquisition, which can be formulated as shown n (2

D (RVLWY |- (TC Y] @

jXD; >0and (SL>0) i
and

P,0LS® (Root;)

> >(CI;.DW,CRP, AW} +> > (ClI,.DW, CRP {(Y.I,).Q;} +

i jODj=0
and
PjOLSs(Rooti)

®3)

Total Disposal Cost

TDC is calculated by multiplying the component
disposal cost by the number of component units
disposed as shown in (15): Note that Blthe disposal
cost index (varying form 1 to 10) representing the
degree of nuisance created by the disposal componen
P, (the higher the value of index, the more nuisahee
component creates and hence it costs more to @&ispos
of), DW, is the weight of the component, QB the
quality control percentage, and DF is the disposat
factor. It should be remarked here thaf ¥n be writes
as:

W, =Y, =X, (6)
Further, if the demand of componeniszero, then X
will be zero and Wy can be written as

W =(Y.1;)Q; (™)

The Congtraints

The following set of constraints needs to be caersid:

e Supply/Demand Constraints

The number of products in the batch to be disaskzinb
(to fulfill the demand of components) must not ede
the number of available products collected from all
sources. Thus,
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{Y.} =<{S} foralli. (8)

Product Structure Constraints

For the integrity of the product, the following nbume
true:
{Xij} +{V\/ij} = QF’ij ACY; ii).Qij} for all i and all
)

jiD; >0 and P, OLS*(Root;) (10)

e Component Demand Fulfillment Constraints
The demand of every type of component must be met.

TDS3 =
{Q;}

0P, 0LS® (Root;)

TDC = DF. z > DI, .DW,.(1-CPR;).{W,

iD;>0
andSL 0

and

P; OLS®(Root;)

2

i j0(D;>0)and (QP; <100%)
and

P, OLS*® (Root; )
V. CREATING A NEW VISION
A An innovative approach

The growing interest for the product final lifecgcl
project definition made necessary the systematidyst
of the problems related to the inversed logisticley
intended as moment of connection among the differen
product “lives”. Even if it is moved by the best
intentions, each project of possible end lifecycle
condition material cutting off saw remarkable
complications and costs often faced aiming to reduc
the manprint.

It is not possible to think to a real developmehthe
RAEE recovery and recycle philosophy without a-self
sufficient economic perspective and loosen from
mechanisms linked to the sole environmental aspects
The current production scheme seems too strictly
linked to the consumption economy and this
remarkably limits the real possibilities of RAEEuse
and recycling inside a production cycle by releggits

life cycle ending phase to the sole recycling and
completely leaving out the re-use. A more careful
planning and greatly based on criteria of prodaking
care, maintenance and repair possibility wouldvalis
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= Max [@} (r(root )+ 31| Max

2. ((@-QR).DI;.DW,.(L- CRP){(¥..1;).Q;})

Thus,
{I,.X;} ={D;} foralliand forall (11)

j(D; >0 and P, OLS*(Root;) (12)

» Integer and Non-negativity Constraints
The supply of products, the demand of components,
and the components recycled and/or disposed of must

be non-negative integer values. Thus,
.} =0 and Integer (13)

{YHE X AW

foralliand all j{D; >0

{X;}
LQ”J (T(A))} @4

k=1 [\ OP,OLS®(A))

D +> > DI,.DW,.(1-CRP).{Y.I;)Q;}) +

i jDj>o
and
P;0LS® (Root;)

(15)

a single to remarkably reduce the environmentabichp

of the RAEE generator products. This planning
philosophy change, if on one side is desirablethan
other risks to dramatically change the economic and
income balances of the concerned actors and, treref

it cannot be directly applied. From the other pant
view it is not possible to limit treating the RAEE
problem as a single logistic problem or define
hypothetic product re-use scenarios showing evident
temporal limits. One of the most quoted re-use
examples connected with the inverse logistic is tia
the Kodak disposable photo cameras or of the Lelkmar
printer cartridges. In both cases they are pesfectl
operating products whose recharge operation made
products equipollent to the new ones and then re-
introducible in the economic distributive cycle. @
contrary, if we think about a mobile phone or a
household appliance, its casting off is almost gkva
characterised by a technologic abandonment which
would make the product, and many of its components,
unusable and obsolete. The solution, then, ismdte
easily dismountable product planning and transferab
in the re-thinking of the product life cycle whichust

be necessarily longer, without making loosing the
profitability of the companies involved in the ocent
selling price policies.
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B. The literature perspective: current and

innovative contribution to the field

The requirements relevant to the product and lifkecy
eco-friendly management have been widely discussed
in the literature from the ecologist sensibilitynaang.

The LCA (Life Cycle Assessment), in fact was bamn i
60s of the past century with a study of H. Smithhat
World Energy Conference concerning the chemical
industry energy requirements. Following contribotio
have been brought by “The Limits to Growth”
(Medows et. al) and “A Blueprint for Survival” (Gu

of Rome); a further incentive has been impresseithéy
issue of the ISO 14000. A definition of LCA has hee
supplied by SETAC Society of Environment
Toxicology and Chemistry (Canada, 1993) as "an
objective proceeding of energy and environmental
charge assessment concerning a process or amnyactivi
carried out through the energy, used materials and
wastes released in the environment identificatibime
assessment includes the process or activity lifecyny
including the extraction and treatment of the raw
materials, the fabrication, transport, distributiarse,
re-use, recycling and the final disposal’. As inhdae
easily observed this thirst definition introducdse t
concept of good re-use and recycling but it dodsyab
stress the need to rethink the final product saoas
improve the manprint. The LCA paradigm application
principles intended as applicative methodology tfar
definition of low manprint innovating products has
been discussed in (Graedel 1998) while (Curran.et a
1999) shows a state of the art about the applicaifo
the LCA principle application in the USA. In (Buzm

et al. 1999) it is introduced the concept of the
simulation use for the manprint preventive asseatsme
of the products in the civil and military field thugh

the application of complex neural models for the
assessment of the input-output complex
interdependences of the production processes, this
concept is then discussed again later in Moscal et a
2005. The paper (Guide and Srivastaya 1998)
introduces a quantitative methodology for the
evaluation of the stock impact on the high re-
configuration manufacturing processes, that is able
suit the production to the mix of of new and
regenerated components. A particular sector which
strongly cares the component re-cycling and re-use
themes deriving from the disassembling of the
products, is undoubtedly the motors one. Alreadynfr
1994 Gupta and Taleb analysed the disassembling
process planning and organisation problems and
following (Isaacs and Gupta 1997) described the
impact of the growing use of polymers in the car
production and in the consumable electronic field
(Moyer and Gupta 1997). From the simple sectorial
analysis of the component disassembling, recydimd
re-use technological problem the literature began t
analyse the matters, wider, of the current policied
strategies of production and market on the tefator
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structure (Gongor and Gupta 1999). More recently
(Randell et al. 2000) described the use of stanles
device (Shopping Jacket) able to communicate with
RFID of the product so as to inform the consumer
about the characteristics, even the eco-friendspof
the products so as to achieve a more conscioubidn
context it seems necessary to explore the complex
relationship between production strategies andtdeyr
through the modelling of the interaction betweea th
socio-economic realities in a densely populated
territory both in the micro-economical sense (Reaet
et. al. 2006) and in the macro-economic one (Catani
al. 2007) including the logistic aspects. Marrohele
(1999) and Matsumoto (1999), finally, introduce the
use of the System Dynamics in the modelling of the
complex interactions of the product LCA actorstie t
social and industrial field (building sector).

C. A possible approach

The project comes true both in the analysis of the
current project criteria and definition of an inatwng
project and production paradigm seeing longer life
cycle products with a displacement towards added
value services of a significant product profitaili
share with a consequent maintenance of the cuaraht
future production profitability levels.

The project will provide a phase of state of thé ar
analysis and market survey to determine the prapose
planning method application fields as well as ihats

and potentialities. Moreover we will define and lssa

the possible market and product related service
evolution with consequent impact quali-quantitative
evaluations of the current product production,
distribution and marketing systems. A particulareca
will be taken in the definition of the production
innovation contents to make them compatible with th
expected technological development. The study will
provide also an application to the consumption and
household electronic industry.

1) Projects steps

1 Analysis of the State of the Art both nationaban
international

2. Definition of the Reference Industrial Cases and
Analysis of the historical data where available

3. Definition both of the System targets and the
concerned subsystems

4. Enrichment of the database through specification
concerning the data to collect as a function of the
provided targets

5. Evaluation and choice of the planning methodiel®g
with formalisation in a logic-mathematic model to
determine the salient parameters of the produet lif
cycles

6. Identification and evaluation of the profitabili
deriving from the introduction of product addedueal
services
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7. Validation of the Methodology on the Case Study [15] Billinghurst M., Starner T. (1999) Wearable\izes New

; i feati ivho ; Ways to Manage Information, Computer 0018-9162/99/
|(jent|f|e_d through realisation of a high-level $égic 1999 IEEE, January pp. 57-6
simulation model

8. Detail, error and confidence levels assessmetih®
obtained results and sensitivity analysis on theiexh
out hypothesis and assumptions.

9. Result Reporting, Documentation and Disseminatio

V. CONCLUSION

In this paper is presented the reverse logistiopply
chain model to solve the problem of products
remanufacturing. A mathematical programming based
model was applied to solve the problem. The objecti
was to find the most economical combination of
products to disassemble, to fulfill the demand for
different types of components, while keeping the
quantity of partially discarded products in cheakd
incur the least disposal cost.
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