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Abstract—In recent years, environment regulation forcing Consequently, the relevant handling and operatimost

manufactures to consider recovery activity of efidlife products
and/or return products for refurbishing, recycling
remanufacturing/repair and disposal in supply ctm@magement. In
this paper, a mathematical model is formulated siogle product
production-inventory system considering remanufacgireuse of
return products and rate of return products follavelemand like
function, dependent on purchasing price and acoeptquality level.
It is useful in decision making to determine whette go for
remanufacturing or disposal of returned productsm@lwith newly
produced products to satisfy a stationary demandaddition, a
modified genetic algorithm approach is proposespiied by particle
swarm optimization method. Numerical analysis & tase study is
carried out to validate the model.

Keywords—Genetic Algorithm, Particle Swarm Optimization,
Production, Remanufacturing.

[. INTRODUCTION
IDE competition in the global markets, shorter protd

involved can be further reduced and, in the mear,tithe
efficiency of using resources can be enhancedhi ¢ase
other than the basic elements of a supply chair th
remanufacturing facility and inventory for returniéedms are
considered. The used up items from the customavsltto the
inventory of returned items once they are boughtkbfaom
customers. After being judged on the basis of thkelmsing
price and quality some items travel to remanufactushop
while some are disposed off. The items that
remanufactured again move to the inventory of theiseable
stock and are hence resupplied to the market. Uiallys
comprises those activities related to the dispasal sale of
excess stock, including recovery and recycling opjities.
Inventory management of produced, remanufactured/
repaired and returned items has been receivingeasang
attention in recent years [1]. In a study on supphain
flexibility is widely seen as one major response tte

are

life cycles, and higher customer expectations witincreasing uncertainty and competition in the miplaee [2].

respect to product capability, reliability, deliyelead times,
flexibility, and service led all business firms ftcus on their
supply chains. Supply chain management (SCM) istéhe
used to describe the management of the flow of madde
information, and funds across the entire supplyirghiiom
suppliers to component producers to final assersbter
distribution (warehouses and retailers), and uliyato the
consumer. In fact, it often includes after-salesvise and
returns or recycling. Effective management of sigoplcan
reduce transaction costs and promote recyclingrande of
raw materials. Also, the production of waste andandous
substances can be cut, preventing corporations foeing
fined as a result of violating environmental regjolas.
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According to study using relatively simple and wdesed

models, the paper illustrates how carbon emissmmcerns
could be integrated into operational decision-mgkimith

regard to procurement, production, and inventorpagament
[3]. The drivers of environmentally friendly prawdis in the
supply chains of public and private sector orgaions, and
the barriers these organizations face in implemgnGSCM

practices [4]. In another study on manufacturingragons
have a major contribution to environmental degriatatt

various stages in the product lifecycle, from reseu
extraction to manufacturing use, reuse, recyclind disposal
[5]. The proposed algorithm is inspired by the jgdgtswarm
optimization technique [6]. A group (swarm) of viat

particles is moving in discrete intervals througie tsearch
space. Particles represent solution instances én semrch
space. Each particle keeps track of the best saltocation)

it encountered in its path (pbest, particle’s best) the best
location encountered by all particles (gbest, didiest). The
next move of each particle is controlled by a viyowector

that is influenced by both pbest and gbest. KenmeallySpears
have concluded through rigorous experimentatioh B&0 is
able to accomplish the same goal as GA optimizadtianew
and a faster way [7].
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Il. METHODOLOGY

items, where DT represents the total demand imtamvial of

There is growing consensus that carbon emissiot9th T.

(emissions from carbon dioxide and other greenh@ases)
are a leading cause of global warming [8]. Govemtshere
under growing pressure to enact legislation to ¢hebamount
of these emissions. Firms worldwide, respondinghethreat
of such legislation or to concerns raised by thewn
consumers, are undertaking initiatives to reduegr tbarbon
footprint. In order to help such firms reduce theission from
waste, our project formulates the return rate efubed item as
a demand like function of purchasing price and ptam
quality level of returns. Here, a model
considering production, remanufacture, waste -disp@and
EPQ model where a manufacturer serves a statiatemand

by producing new items of a product as well as by

remanufacturing collected used and returned itdihs.model
developed will help in decision making in determmiwhether
to go for remanufacturing or disposal by calculgtithe
remanufacturing cost which includes the cost ingdlvin
collecting the used items to bringing them in therket. Based
on our calculations we will be able to decide wbketh firm
should opt for remanufacturing of a certain itemgorfor its
disposal taking into account the condition that eoribe
product is used its disposal is the sole respditgilif the
company to avoid environmental pollution and thgredduce
waste.

A. Mathematical Formulation

Cost of raw materials required to produce a singl@ unit

is develbpe

Production Market
A
(D-Ro)T \ Serviceable bt
stock
e
Remanufacturing
A
Returned
Stock
RT
RqQT
l R(1-q)T
Disposal

Fig. 1 Material flow in an interval of Length T

Note that the case when (R > 0 and g = 0) is tdolgieally
infeasible since it considers that all the retufosed items are

of the product is denoted by, Gvhere the monetary value of "On-remanufactured and would be disposed. Althotigs

purchasing price for a returned item isy=PxCn.
Mathematical model developed assumes a single ptiotu
cycle and a single remanufacturing cycle per irtefv Return
rate of used items follows a demand-like functi@pehdent
on two decision variables which are the purchagirige, P,
and acceptance quality level, g, for returned ite@sher
notations used in this formulation are given in Appendix I.
Market demand D is satisfied from the servicealiteks
which is a collection of newly produced and remawctired
item which are represented in fig. 1 Over an irdénf length
T, R(P,q) X T (or RT for simplicity) used/returneaits are
collected in the returned stock facility, where R/B <1, and
D >0. In this facility, activities such as disas$dyrand sorting
are carried out. The waste disposal amount of #termed
items is decided once the acceptance quality lasel
determined, i.e., disposal increases as the actaptguality
level decreases and vice-versa, with the numbeused /
returned items disposed per interval is (1 -q)RTheT
remaining collected used/returned units, qRT, axasferred
to the remanufacturing facility in the first shophe term ¢
here represents the cost to repair one unit (winicludes cost
components such as labour, energy, machinery,estcliiding
the cost to purchase a used itegnPp x G. We assume that
remanufactured used/returned items are considergo@d-as
new and are part of the serviceable stock. The irénga
serviceable stock, (D-gR)T, is replenished by nepviyduced
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case is valid mathematically, it is costly and é&fiere never
optimal. On the other extreme, g=1 means thatuamet/used
item must be of an identical quality to that of awy
produced one, for example, returns during trialiqukr or
returns due to obsolete technology. Here, the metate of
used/returned items, R=R(P,q), is a portion ofdbmand rate
D, i.e., (0<R(P, q)/D<1), where this portion is dagent on
the purchasing price (P) and its corresponding |lesfe
acceptable quality (gq) of returns. The price factdrthe
demand function is£(1-a€™), where O<a<l and >1 are
parameters. This price factor models the behaviartrns
for a fixed quality level. The return rate of ugetliirned items
(demand of the reverse flow) is modelled as a fanaf price
and quality factors of and f, and is expressed as R
=R(P,q)=D(1-aé€" )be®. There is one repair cycle of length
Tr and one production cycle of length ih the time interval
T, where T=k+Tp. The inventory of serviceable stock builds
up at a rate of (#1)D units per unit of time with
remanufacturing ceases when an inventory levelrg(Il-
v)DTR is attained. The production cycle commences opge |
units are depleted. Similarly, the inventory of heproduced
items builds at a rate of #L1)D units per unit of time with
production ceasing when an inventory level oF(1-B)DTp is
attained. Oncepl; units are depleted, a new interval of length
T is initiated.

A remanufacturing cycle commences once the invgntor
level of the returned stock reaches IQRT(1-gR/D), which
depletes at a rate of (qR4D/By the end of a remanufacturing
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cycle, Ir, 1 units would have been depleted, anchesv
collection cycle of used/returned items commenasgigling up
inventory at a rate of gR. It is assumed that tireening and
sorting of collected used/returned items occurrpidostorage,
and terms not conforming to quality standards aspased,
totaling (1 -q)RT units. The total inventory holdircost per
unit of time is given as:

HT,I: (HP+HR+Hr)fI':TD\y(7J2)

S =S8+ §, where S is the total setup cost anadr@l S are the
remanufacturing and production setup costs, resdet The
cost per unit of time function is given as:

C(A, T)=S/T+TDy(M2). The optimal remanufacturing and
production cycle times are given respectively as:

Tr* =A T*=V2S/Dy())

Te* =(1-0)T*=(1-1)V2S/Dy(})

The overall costs are determined. The total costipi of
time is the sum of the following unit time costs:

Setup cost per unit time: (Sr+Sp)/T=S/T

Holding costs per unit of time: TJ/2

Disposal costs per unit of time: (1-q)RC

Remanufacturing costs per unit time: gRC

Production costs per unit time: (D-gR)C

Purchasing costs per unit time: RPMO-RQ)G,

Objective Function

Total cost per unit of time is expressed as:
C(p,q) =2SDy(W)+R[q(C~CaCr-C)+Cu+ PGI+D(C+Cy)
Subiject to:

0<y<1

0p<1

O<A<1

O<R/D<1l,andD>0

0 <a<land>1

0 <b<1andb>1

df/dP > 0 & df?/dP* < 0 , for every P>0
dfy/dq < 0 & df/dqf < 0, for every g >0

Ill. PARTICLE SWARM-BASED GENETIC ALGORITHM

Conceptually, particle swarm optimization technicpgems
to lie somewhere between genetic algorithms andlgeoary
programming. It is highly dependent on stochastimcesses,
like evolutionary programming. The adjustments taipbest
(local best) and gbest (global best) by the partslvarm
optimizer are conceptually similar to the crossowperation
utilized by genetic algorithm. It uses the conceffitness, as
do evolutionary computation paradigms. In this gl
approach, the chromosomes in the initial genetgorihm
population are treated as particles in a swarm @odsover
operator of GA is done in two steps. In the fitsfs a particle
is crossing with its local best and one of newdlpiarticle is
crossing with its (parent particle) global best. thtion
operator of GA is not considered in this proposggraach.

Initial population is generated randomly. Evaluatiand
selection process aims to associate each individiidl a
fitness value so that it can reflect the goodnésst dor an
individual. In this proposed approach, the objextiunction
has been taken as fitness function. Two parentselexted
from the population by the binary tournament sébect
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mechanism in every generation. The crossover ise don
explore new solution space and the crossover aperat
corresponds to the exchanging parts of the strbmgsveen
selected parents. In this proposed algorithm, nemeration is
created by crossing each particle (here the chromesis
treated as the particle in a swarm) with its Idoast solution
and the global best solution. In PSO, each soluiadjusted
based on the best chromosome in its search pathghrthe
generations (pbest) and the best chromosome gedeuptto
that point (gbest). A chromosome is first crosseth \wbhest
resulting in two children of that one is chosend@mly. The
chosen chromosome is then crossed with gbest tisngame
operator. Again, one of the resulting two childisnchosen
randomly and copied to the new generation. Theegftre
outcome of a crossover operator assumes a locatighe
search space in the average space that includepattest
particle, the best solution in its search path &mel best
solution found over the whole population. Procedafethe
proposed Particle Swarm-based Genetic Algorithmaedall
pseudo-code procedure for solving the problem tfnaal in
Appendix II.

IV. RESULTS AND DISCUSSIONS
The Case Study which is used to validate the prgbos

method has been taken from [1]. In the numericamgle
considered, D=1000 Units 1.6 $, k1.2 $, ¢=0.3, b=0.6,
S~=2400 $, $1600 $, =12 $, G=0.1 $, G=2 $, G=5 §$,
v=0.3, p=0.6, B;=0.0272 andp,=0.7898. Eight pairs of
chromosomes i.e. eight different values of p(0@2845, 0.23,
0.29, 0.31, 0.31, 0.29, 0.27) and ¢(0.68, 0.643,00657, 0.60,
0.79, 0.76, 0.69) have been taken in order to gdmethe
initial population. The output generated by solvitige
mathematical model using the above mentioned vakies
shown in Table I.

TABLE |
OPTIMIZED COSTMATRIX

p q Cost ($)
0.15380i 0.78918¢ 169.476!
0.02363: 0.66453! 171.777!
0.15026 0.66453! 172.378t
0.027173 0.789184 168.8751
0.023632 0.664538 171.7775
0.150000 0.907010 168.8738
0.123437 0.907010 169.4963
0.150000 0.664538 166.0121

Solving the above mentioned mathematical modeljx@an
production and remanufacturing/recycling policy h#se
lowest cost of 166.0121$ when compared to the @oatpure
production system which comes out to be 190$. Thst c
166.0121$ of a mixed production and remanufacturing
strategy is attained when p = 0.15 and q = 0.664B38ixed
strategy was found to be optimum as some of therrret
items to be remanufactured/repaired are good guitdins (q
= 0.664538 or more) that are purchased at a lowepri
(Purchasing Price=pxCn= 0.15x5=0.75). Genetic Atgor
has been used in order to solve the above math=hati
problem. The solution obtained here in terms p=0atbl
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g=0.664538 is accurate when compared to that adataim[1]
where the values are p=0.146 and q=0.829. The gddimthe
problem has been done using the C language.

V. CONCLUSIONS

This paper extended upon the production, remanuifagy
repair and waste disposal model by assuming arreaie of
used items that follows a demand-like function ofghasing
price and acceptance quality level of returns. Ahmmatical
model was developed. The Model
remanufacturing cycle and a single production cgcié it also
assumes that it is the responsibility of the comp@om the
making of the product to the disposal of the pradém
attempt was made to solve the problem using parfielarm-
based genetic algorithm and in which crossing gazefticle
(chromosome) with its local best solution and thabgl best
solution in genetic algorithm. Numerical resultowid that
when considering the return rate of used itemsetddpendent
on the purchasing price and acceptance qualityl lefvéhese
returns, a pure (bang—bang) policy of either notevagsposal
(total repair) or no repair (total waste dispossipot optimal.
Results showed that a mixed (production + remaiwifizig))
strategy is optimal, when compared to either a ira@tegy
recycling (Pure Remanufacturing) or
production. The model can be further extended tdtijohe
remanufacturing and production units as scopeufré work.

APPENDIXI
D/y remanufacturing rate
D/p production rate
A=qgR/D.the ratio of repairable items to total demand
D demand rate (units per unit of time)
R proportion of demand which is returned to thdesyseither
for remanufacturing or disposal
p the percentage of the cost of raw materials reduio
produce new items.
g the quality level representing the percentagaseful parts
in remanufactured items
Price factor of the demand function js=f (1 — a&") (0 < a<1
ande > 1)
Return rate of used/returned items (demand of twerse
flow) is modelled as a function of price and quafdéctors
and f,
S remanufacturing setup cost
S, production setup cost
hs holding cost per unit per unit of time for sendabée (new
and remanufactured) stock
h, holding cost per unit per unit of time for retudrgtock
C, cost of raw materials required to produce a ngwbduced

unit, note that pxg is the purchasing price for a single

returned item

C: remanufacturing cost per unit for qRT units

Cr production cost per unit for (D -gR) T units

C, waste disposal cost per unit for (1 -q) RT units
T length of the production and remanufacturing egcl
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APPENDIXII
Input: Data, Parameters
Output: best solution
Begin
ke— O;
initialize the population P(k);
evaluate P(k);
while not (termination condition) do select Bnd B by
binary tournament from P(k);apply crossover to Rdl &2
using PSO
For each chromosonria P (k)
pbest p
End
Denote the best chromosome in P as gbest
Repeat over all generations while termination isreached
For all chromosomesip P(k)
c= outcome of crossover betwegmpd pbest
p = outcome of crossover between c and gbest
If pi is better than pbesti
pbest=p
End if
If is better than gbest
gbest=p
End if
End for
End repeat
Evaluate p
Update P(k) by deleting the stosolution and
adding the p
End
Output best solution
End
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