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Introduction and Motivation

o There are two main motives behind an engagement in product
recovery

a Economic: Reduction in the unit production cost due to the
savings in material, energy etc.

o However, accepting all end-of-used products may not be a good
strategy - Core acquisition strategies, buy-back campaigns

o The number of collected cores may be limited when the objective
is profit maximization
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Introduction

o Environmental legislation: WEEE 2002 directive in the EU,
target collection, reuse and recycling rates

o These regulations may prove product recovery unprofitable

o The profit maximization objective of the companies is not
streamlined with the objective of the regulator to reach a
desired amount/rate of collected cores

o Offering a subsidy to the company for each collected item may
be helpful
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Introduction and Motivation

o Collection: process of rendering used products available and physically
moving them to some point for further treatment. It may include activities
purchasing, transportation, and storage

o Inspection/separation: the set of operations for determining whether a
given product is re-usable and in which way

0 Reprocessing: transformation of a used product into a usable product again

o Disposal: getting rid of products that cannot be re-used for technical or
economical reasons

0 Redistribution: distributing reusable products to a potential market
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Introduction and Motivation

Government
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Basic Literature Review

]

Papers modeling logistics networks with reverse flows only

» Customers drop products to collection points (CP)
> Products are then transfered to Central Return Centers (CRC)
» Discrete facility location-allocation models formulated as MILP

» To determine the number and location of CPs and CRCs so as to
minimize total logistics cost (transportation and facility opening)

e.g., Jayaraman et al. (2003); Min et al. (2006).

Papers modeling logistics networks with forward and reverse flows
» Discrete facility location-allocation models formulated as MILP
> Fleischmann, 2001; Salema et al., 2006; Lu and Bostel, 2007
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Basic Literature Review

o Papers modeling government regulation on the throughput of
collection operations

»

Rodrigue et al. (2001): “greenness” of production, importance of
environmental awareness for companies that anticipate tighter
environmental regulations in the future

Kulshreshtha and Sarangi (2001):: the government gives a subsidy to a

firm involved in recycling of product packages.

Sheu et al. (2005) :: a linear multi-objective optimization model
>  The difficulty of integrating logistics flows in a green-supply chain.
» Coordinating the activities of all chain members

» Externalities such as end-customer behavior and governmental policies
(subsidies, return ratio, recycle fees)

Singapore, 2-5 Dec 2007 8




Model Formulation

o We address the problem of locating collection centers for a company that
aims to collect used products (cores) in order to capture their remaining
value by recovery operations.

o A pick-up strategy is in place according to which vehicles are dispatched
from collection centers to the locations of product holders to transport their
returns.

o Each product holder has an inherent willingness to return a core, and decides
on the basis of the quality-dependent financial incentive offered by the
company.

o Since the company seeks only economic profitability, the collected amounts
may not be aligned with the target collection rate imposed by the
government.
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Model Formulation

o In this case, the government may alleviate the under-collection
issue through a subsidy paid to the company for each core
collected.

o From the government’s perspective the problem is to find the
minimum subsidy level while meeting the target collection ratio.

o We propose a bilevel programming formulation for this collection
system design problem.
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Model Formulation

Government Agency

GP2: Minimize the unit subsidy so as to meet
the minimum collection rate |

Announce the unit subsidy
payment to the company
T

e m . — g

Response

CP1: Maximize the net profit given th(f unit subsidy payment

Report
the collection rate cumulative over all customer zones

Company
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Model Formulation

Reservation incentive R, — Right Triangular(0,a,)

f(Ro) F(Ro)

1
1
2/a,
a > Rox a Ry

Probability density function of R, Cumulative distribution function of R,
2R R2

f(Ry)=—3 Py =Pr(R, = Ryy) = F(R,) = —

ak ay
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Parameter:
h = number of product holdersliving in zone
. el hol ders of type k
W&W@W@W@&%ﬁ% (hy=h;y,)
%éﬁﬁhﬂéﬁﬁﬂéﬂ?%@%‘fﬁmce unit

fﬂmmterm i from

5%%%@@ sretnibleta,)
9 TRy {BhLtaRA9s: Wojanowski etal.,

007, A
|aosna?) ﬁmg pro&uct holders

elivizeaki¢gles needed for zone j:
PRturns of type & collected in zonej

- Total amount collected from zone j:
2
Z X ijkhijk
2

k ay

Objective: maximize the TOTAL NET PROFIT by determining
» Locations of collection centers

» Financial incentives offered for products with differing qualities
» The number and the load composition of vehicles




—svehicle operating cost

(c,+2¢c,d; V- Z;‘ fY,

Constraints: L
cost per unit distance

diXtance between customer zone j and site i
Total Profit Total Vehicle
Fraction of products to be collected:

Cost
X,,kSY- i=L..m; j=1..,mk=1..K
thijl j=L..mk=1.,K
i=1

z ijk /k(ng/alg)

Number of vehicles: Vizt—em———— i=1..,m; j=1..,n
Restrictions on the financial incenti\je:
R, <aq, k=1..K R, <g,+S k=1..K
Non-negativity and binary constraints: V, 20 and integer Y, € {0,1} Xy =0
R, 20 k=1..K
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Model Formulation

Leader’s (Government’s) Problem:
objective > minimize subsidy

subject to 2 target collection ratio is achieved

minimize S
S>>0
R?
Subjectto 22 X Xl k>t2h_,-

iel jeJkeK a jed

where {X,,R,} solvesthe company’s problem
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Model Formulation

Bilevel programs are shown to be N®-hard.

The inner problem (CP) has to be solved using the subsidy value S
determined by the outer problem (GP).

Once the value of S is set, the inner problem CP becomes a MINLP
problem which itself is difficult to solve.

An efficient heuristic solution method for this problem is described in
Aras et al. (2007).

It capitalizes on the following characteristic: given the locations of
CCs, the problem reduces to a nonlinear problem in variables R, and
V; only.

j
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Solution Method

OUTER SHELL - TABU SEARCH

o Explores the search space of all possible collection center

locations.

solution
o Search terminates if
v max_iter iterations have been executed

v the best solution found does not improve

o SWAP move operators generate a neighborhood of the current

TETTTIAITTITY VETUULES Oy TTIECUUIT, EXPArisiurt ur CUrmractort

operations.
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Generale an initial solution,
[and set it as the incumbent and
current solution. Also set its

objective and incentive values

as Obj" and R . resp.

wme_iter and
nonimp_iter

neig
1 objective value [

to zero both Obj_Best_N
zero. Alsoset - 1

Set the best

borhood

(1-Swap for t1, 2-Swap for 2, Generate a new neighbor

neighborhood size s,

1
— 3-Swap for ¢ 3) and calculate its —™ by executing move r  +—¥ establish the objective Ohy
' on the current solution and incentive values R,
for the new neighbor

iteration

Record this neighbor
as the best

neighboring solution

Sel this neighbor as the Record this neighbor,

as the best

neighboring solution

incumbent and update
Ohj* = Obj and Ry~ R,

&

Record this nei
and do not re-generate it

during the current

Ohf > Ohj_Best_Neigh

num_iter = mum_iter

aum_neigh

U _n

Add the best neighboring
solution to the tabu list
and sel it as the current

solution. Generate a

No random integer number
N N
RESRERl £

Yes and assign it as the

current solution’s tabu

tenure

and mam_wanimg

num_nonimp_iter+1

ter

Record wum_iter as
the starting time of

the current solution’s

tabu status

bor

Any
stopping
criterion

satisfied?,

Return the
incumbent as a
favorable solution

End TS-CCLP

Solution Method

Since the inner problem CP is solvable for a given value of S, we

may adopt the following approach:

We can start with the smallest possible value of S, which is zero, and

solve the CP.

If this solution satisfies the minimum collection constraint of the outer
problem GP, then we are done. Otherwise, we slightly increase S and

solve the CP again.

This iterative procedure is continued until the constraint is satisfied.
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Experimental Results

By assigning four distinct values to n (n=10, 20, 50, 100), three
different values to t (t=0.2, 0.4, 0.6), and two distinct values to K
(K=2,3), we obtain 4x2x3=24 test instances

In all instances, the candidate sites for collection centers coincide
with the customer zones, i.e., m = n. The x- and y-coordinates of
customer zones (collection centers) are sampled independently from
a discrete uniform distribution in the interval [0,100].

The number of product holders in each zone is also generated from
the same distribution supported on [1,100].
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Experimental Results

TABIEI
PARAMETER. VALUES FOR. THE PROELEMS

K=2 K=3
k i 2 1 2 3
Ee | 25 13 | 25 20 13
a, | 15 3 135 1 3
¥ |03 | 05| 1/3 | 153 | 1/3
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Experimental Results

TABLEII TABLE I1I
RESULTS FOR TWO CORE, TYPES RESULTS FOR. THREE CORE TYPES
m -
Instance e Subsidy | Total Profit Realized Instance (urnes Subsidy | Total Profit Reah_zfad
of CCs 5 o Collection o1 K of CCs 5 o Collection
(2.5 %) opened iz Ratio I’ _ opened - Ratio T
(10,02,2 1 1968 0.01 0.38 (10.0.2.3) 1 2.051 0.003 038
(10,04,2) 1 2784 187.67 0.41 (10.04,3) 1 2917 200.36 0.41
(10,0.6,2 6.135 119588 0.64 (10.0.6, 3) 1 6.135 115724 0.62
(20,02,2) 1 773 0.01 0.26 (20,0.2,3) 1 138 0.001 027
(20,04,2) 2 4105 755.68 0.57 (20.04.3) 2 4.153 T18.74 0.58
(20,0.6.2) 2 4443 944 69 0.61 (20.06.3) 2 4443 283654 0.61
(50,02,2 2 1.126 637.92 031 (50,0.2.3) 2 1.133 683.42 030
(50,04,2) 2 1.724 110546 0.40 (50.04.3) 3 2246 1654.96 0.54
(30,06,2) 4 3.629 3760.17 0.70 (30,0.6,3) 3 3873 4047.09 0.60
(100,02,2) 3 0 2380526 031 (100,0.2,3) 4 0 235237 035
(100,04, 3] 4 0442 | 3213.002 0.42 (100,04, 3) 5 0.505 320438 049
(100,0.6,2) 5 1461 | 6012439 0.62 (100,0.6,3) 5 1.508 5066.03 0.60
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Fig. 2. Frontier curves for #=30 and »=100 with E=3
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Current Research

Government Agency

A legislative model

where the company
must abide by the
government’'s

GP2: Minimize the unit subsidy so az to meet

the target profitability ratio|demanded by the company

minimum collection

rate legislation

subject to the | government legizlation

I
i
1
|
h 4
CHZ: Maximize the net protit given thelunit subsidy payment

Company
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Questions and Answers
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