S

EurROPA-UNIVERSITAT VIADRINA FRANKFURT (ODER)

A remanufacturing model reconsidered

- A technical note -

by

Imre Dobos and Knut Richter

Europa-Universitit Viadrina
Frankfurt (Oder)
Fakultit fiir Wirtschaftswissenschaften

Discussion paper Nr. 128, Februar 1999



1
|

O s N . e .

A reinanufacturing model reconsidered

- A technical note -

Imre Dobos, Knut Richter
Europa-Universitdt Viadrina Frankfurt (Oder)
Wirtschaftswissenschaftliche Fakultit, GroBe Scharmstr. 59, 15230 Frankfurt (Oder),

Germany

Abstract. This paper reconsiders Teunter’s remanufacturing model. It provides the analytical
form of the proposed model and gives the explicit solution. In contrast to Teunter, it is shown
that the optimal (noninteger) manufacturing and remanufacturing batches might be both
greater than one. Furthermore the optimal reuse rate is determined excplicitely.
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1. Introduction

Quantitative models for inventory systems with remanufacturing provide an actual
generalization of classical EOQ models. A number of authors have proposed such a models.
Our papers deals with one of these proposals, we investigate the model of Teunter [13].

Teunter in his work has stated that in the proposed model there should be either no more than
one manufacturing batch and no more than one remanufacturing batch in a cycle. A cycle is a
sequence of activities with a fixed number of batches.

The goal of the paper is to reconsider the Teunter's model. First the explicit model will be
discussed and a solution is given for this model, because the author has neglected to describe
the explicit model. After solving the problem, we give a counterexample, where the
manufacturing and remanufacturing batches are strictly greater than one. By this
counterexample we show that the Teunter’s graphical proof, that one of the batch numbers
equal to one is not correct. In fact, he proved this property of the batch numbers for the
assumption that only relatively prime (coprime) batch numbers of manufacturing and
remanufacturing are considered, or in other words, for batch numbers with a greatest common
divisors greater than one.
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2. The model
Teunter has investigated in his model the following activities:

- remanufacturing,
- disposal and
- manufacturing.

Let a cycle be the above-mentioned schedule with fixed batch sizes for manufacturing and
remanufacturing. In a planning period there is only one cycle. (This can be proved very easily
by grouping the remanufacturing and manufacturing lots.)

The goal of the decision maker is to minimize the cost for manufacturing and remanufacturing
batch numbers and sizes and for the reuse rate. There are EOQ-oriented setup and holding
costs for remanufacturing and manufacturing, linear production and remanufacturing costs,
linear disposal cost and holding cost for non-serviceable items.

The notations of the model are the following:
System parameters:

-T  length of the planning horizon,
-r return rate (0<r<7),
-A  rate of demand.

Cost parameters:

- K, setup cost for manufacturing,

- K,  setup cost for remanufacturing,

- h,,  holding cost for manufacturing items,

- h,  holding cost for remanufacturing items,

- h, holding cost for non-serviceable items,

- ¢m  manufacturing cost,

-¢,  remanufacturing cost,

-c4  cost for disposing one non-serviceable item.

Decision variables:

- On batch size for manufacturing,

- O, Dbatch size for remanufacturing,

-M  number of manufacturing batches,
-R  number of remanufacturing batches,

-u reuse rate (0<u<r).

We assume that all parameters and the decisions variables are nonnegative numbers. We will
describe the mathematical model with some application.
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First we show some relation.

1) Relation for serviceable stock:

MQ, + RO, = AT (1)
2) Relation for non-serviceable stock:

RO +AT(r—u)=ATr (2)

O0<u<r

Fig. 1. Material flow in the model

Serviceable stock Production

AT(lr)

The linear systems (1) and (2) can be solved for O, and O,

_All-u)r
0, = FY; (3)
and
AuT
o, = R 4)

In relation (4) it can be #=0, and 0,=0. It means that all returned parts are disposed, there is
no reuse in system and the management problem turns into a simple inventory problem.
Another interesting case is, if the return rate equal to reuse rate (x=r). This case shows an
example, when all returned parts are reused and there is no disposal activity. Identity (3) and
(4) will be useful to create our cost function.

Now we describe the total cost function. This we make in two steps. First we investigate the
cost function for serviceable and the non-serviceable parts.
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Cost for serviceable items:

0.

2
O; +C,RQ,J+[MK,,, + Mh,, EIJf‘c_,‘itfr(g,,,]

| Rk, + R,
22

setup costs + holding costs + (re)manufacturing costs
It is easy to obtain using the EOQ-model.

Cost for non-serviceable items:

h, Q—f{Ri[i-l}r R} +c, AT(r—u)
2 .

r

holding costs + disposal cost

To prove this relation, we introduce the maximum stock level for the non-serviceable parts
I,"™ . We know that RQ, unit will be remanufactured, after the Rth remanufacturing the

inventory level is zero, and the returned parts could be described as (R ~ 1)%Ar :
Then it is true the following:
I™ —RQ. +(R—1)%,L- =0=> 1™ =RO, - (R-1)0,r = 0,[R(1-r)+7]

The inventory holding costs for non-serviceable items consist of two parts: holding costs
during the remanufacturing and holding costs during the manufacturing. First we construct the
holding costs during the manufacturing. It is easy to obtain

oo I _ OF [RA-r)+rF
o2 2% r

Let us now model the remanufacturing activities for returned parts. In the ith interval the
initial inventory level is

=1 —iQ +(i-1)rQ, =0, [i(r-1)+ R(-r)]

and the ending inventory level
I =1 —iQ, +irQ, = 0,[i(r 1)+ R(~r)+r].

The holding costs during the remanufacturing are defined as follows

%;(ﬁ’ +If).

o




Fig. 2. Modelling the inventory policy (R=3, M=T)
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If we summarize for i

R-1

;( +17)= g[,(r )+ KO-+ e 1)+ R-r)+r)]-
=0 {R*(1-r)-R(2r—1)-r}

and the holding costs for the non-serviceable items
R-1 max 2
h| < YN (Palr)er=_ & =h, 2 Rz(l*1]+R
245 24r 21 r
i - 8o the total cost function F(Q;, O, R, M,u) are known:
o o
F(Q,Q,,,M,R,;;):(RK, +Rh 2;._ J [MSK + Mh,, 29 % MQ ]

+h, g{ [;-1J+R}+cdzr(r u)

:'We formulate the total cost substituting the relation (3) and (4) in the above-described cost
: functlons

'}F(M'Ru) RK, +R ,1[%'{) +c, Aul + MK Mu[’m—“)-'{] +ec, Al —u)T

M
+;(A;TJ {R’(;—1]+R}+cd (r—u)r

Function F(R, M,u) can be written in a simpler form:

e 2 - i
F(R,M,u)= RK, + ™ ;”" Au’T K M+ hy A-u)'T? | | :

R 2 M
+%’—/\‘.u_2T2[l—lJ+luT(cr ~E —cd)+ /IT(CM +cﬂ,r)

r

This cost function is to minimize for values R, M and u.
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3. Optimal solution of the model

~ following:

- R, M and

- u.
From the convexity of function F(R,M,u) in R and M follows

Alh +h,
2K,

R =uT

M°=(1-u
S s
and the simpler cost function after substituting R® and M°

Fi(u)=uT 22K (b, +h,) + (- u)T /24K 1, + , A Tz(—*lj

&
+AuT(c, —c, ~c, )+ AT(c,, +c,r)=

u’AT? %-[1 - 1} + uT[JZﬂK, (h, +h,)~ 22K b +Alc, —c, —c, )]+

¥

27Ky, +2T(c,, +cyr))

Function F1(x) is quadratic and convex again in u, and u is between 0 and r.

0 u<0
u’ =Ju i e(0,r)
r uzr

where

2K h, 22K (b +h,)+Alc, +c,—c,)

)LTh—”[i—I]
2r

The optimal solution will be constructed stepwise, the sequence of the optimization is the




‘With the help of variable »° we can calculate variables Q7 and Q°

. AT _ [ 27K,
O =% = h +h,

. Mi-w)r 2K,
R

- So we have obtained the following

Theorem: The optimal solution for the reverse logistics problem is:

0 u<0
u® =i we(o,r),
r uz=r
s J2AK h, — 22K (B, + k) + Ale, +c,—c,)
Arﬁﬂ—(l—l]
2Ar
R° =u°T
. | 22K,
o= ho+h

The model is hereby completely solved.




this parameters we have the following optimal solution:

b3
|t

ion variables:

“QM0=4:
-M°=3,
_Qr0=4,
e -Ro.:2,
l;. -u’=0.8.

That both manufacturing and remanufacturing batch numbers are greater than one, is caused
| by the high setup costs. This example shows, that batch sizes are coprimes.

5. Conclusion

In this paper we have solved a remanufacturing problem. It was shown that the optimal
number of both manufacturing and remanufacturing sizes can be strictly greater one. The
optimal manufacturing policy is either all returned items to dispose without remanufacturing
or all returned items to remanufacture or to apply all both activities.

The solution of the model considers exclusively such cases when both batch numbers greater
than zero, but not integer. A possible generalization would be the consideration of integer
numbers of batches.
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