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This papers focuses on remanufacturing processes in a closed loop supply chain. The remanufacturing processes is considered
as one of the effective strategies for enterprises’ sustainability. For this reason, a lot of companies have attempted to apply
remanufacturing related methods to their manufacturing processes. While many research studies focused on the return rate for
remanufacturing parts as a control parameter, the relationship with demand certainties has been studied less comparatively. This
paper considers a closed loop supply chain environment with remanufacturing processes, where highly fluctuating demands are
embedded. While other research studies capture uncertainties using probability theories, highly fluctuating demands are modeled
using a fuzzy logic based ambiguity based modeling framework. The previous studies on the remanufacturing have been limited
in solving the actual supply chain management situation and issues by analyzing the various situations and variables constituting
the supply chain model in a linear relationship. In order to overcome these limitations, this papers considers that the relationship
between price and demand is nonlinear. In order to interpret the relationship between demand and price, a new price elasticity
of demand is modeled using a fuzzy based nonlinear function and analyzed. This papers contributes to setup and to provide
an effective price strategy reflecting highly demand uncertainties in the closed loop supply chain management with remanufacturing
processes. Also, this papers present various procedures and analytical methods for constructing accurate parameter and membership
functions that deal with extended uncertainty through fuzzy logic system based modeling rather than existing probability distribution
based uncertainty modeling.

Keywords : Remanufacturing, Closed loop Supply Chain Management, Ambiguous Type Uncertainty, Fuzzy Nonlinear Control,
Price Elasticity of Demand
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{Table 1> Definition of Variable

Notation Description

F(C,) Manufacturing cost function

C, Unit of manufacturing cost

Co Unit of manufacturing cost for non-recyclable parts
C. s Unit of manufacturing cost for recyclable parts
F(P,) Retail price function

P, Unit of Retail price

P, Unit of Retail price of the non recyclable parts
P, Unit of Retail price of the recyclable parts
D(P) Demand function

T The return rate of repaired part

K Scaling parameter

1 Investment in collection activities(cost)

A Cost of handling a returned unit

A Unit cost savings from recyclable parts

Hoodqte] B4 A Az FEo] Eohw Aol HA
2uj7FA o] fAF H A Zh(Pseudo optimal value)S =3
=4 o, EAHIF= 2 (1)51]— panan

Sup D(P)[F(P,) = F(C,)]—

m
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U] E{(Shape Parameter) =4 A3t A

F(C,)=0C,,—1A (2)

A=C,,—C,,
F(C,)=C,y—1(C = Cp2)
F(C,)=010-7)C,,+7C,,
F(c,)={clo<r<1}

F(P)=P,,—74 G)

A=P =P,

Fp)=P —7(P,—P.,)

F(R) =(1 *7‘)PT_’1 +T.P7.12

F(P)={Plo<7t<1}
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<Figure 4> Over Forecasting of Linear Demand Function
and Shape of Non-linear Demand Function

ﬁd
o
1o o

)\]/\E

arhbA e g
bl uet

e % % EAQD%, z cmzcm,gam @ %
A% o)

N
L)
e
o
¥ g
i
\]
Il

o
o
=
O

REe] w9l AW (9 Aol ATka @ u, o=
ARG FES AL Sl A T 5 gl vgold T
Foqla, AES B welg AL MEE O, —rash
o] wa
webA ©) AE AR S G5 G, E A Q)8 2
o

=
(Scahng Parameter) %] A= 4
5 TAske 4 (4)°ﬂ x



Strategic Pricing Framework for Closed Loop Supply Chain with Remanufacturing Process using Nonlinear Fuzzy Function 33

4. HIMS HE| A= Jlde| 7k Yy

o =Ryl

4.1 HIMY DXl A=

AT M= A 3 Hodk =a 840 B3
xd3t7] {8k sebuEQl 7171 gol ¥

BE H&ste]l mdg v HxgW L AL 4

D(P) = 2 (5)9F #th

ko N e
oo gf, ot
4 = o

7187 i A%AA e M 5 gonw, WA
Gt A (6% 2ol mdAn

3://Aa(x)dx/x (6)

& Aol A= <Figure 5> 0] 7F9-A12KGaussian) E}
Aol #HA WA FE 7127] gebHE ARSI

Parameter Modeling using Fuuzy Membership Function

/
09 f /

\

08 7" """"" ;‘ Alpha-Cut Level=0.8

Membership Level
o
v

01 F /
. [N

0.44 0.46 0.48 05 0.52 0.54 0.56
Shape Parameter(Determine Gradient)

<Figure 5> Gaussian Type Fuzzy Membership Function

Alpha-cut& Aget 0] HA S 98le] 2 A efA
= MeOM(Mean of Maxima)”7|Wte] W] ¥ X85 F3}4
FAs 24 (5)3 2] Fuzzy NumberZ} 285 o]

SAe] waAHel wAE wAHGe] £a3% pr)t
3

TR, BAGFE A ()9 el AT F vk
Sup D(P)|F(P) — F(C)]—I- AtD(P) ()

Where, b(P) =7— %
1+(P +P.,)"

FC,)=0-7)C,,+7C,,
F(Pr) =(1 —7')1[’7.11 +7'PTA’2

T= «/[/KS

42 HIME HE| HEHS ALSE ZE|Ueo| 73

SCM Data(Demand)
Analysis

Modeling of Non-Linear
Demand Function

Estimation of
Demand Parameters

Procedure with Uncertainty

N Procedure without Uncertainty

= = = = :Method
— : Fuzzy Non-Linear Programming
Process to Process

Method to Process

Existence of
Demand
Uncertainty

Re-Estimation of Parameters
with Uncertainty
(Parameter Modeling using
Fuzzy Membership Function)

-------------- i |
| Mathematical
: Modeling :
i '
i '

Techniques
Rt R
Nonlinear
SCM Modeling

A 4

e
1 Mathematical : Uncertainty Embedded
: Modeling Techniques : Nonlinear SCM Modeling

h f
! D I;H:f:‘:mn Generation of | Generation of
1 Metho i = 3 3

- § Pseudo-Optimal Solutions
: (MeOM, COG) Pseudo-Optimal Solutions P

Definition of Price
Elasticity Formula

Calculation of
“Price Elasticity of Demand™
Execution of Price-Demand
Strategies

<Figure 6> Strategic Pricing Framework for Closed Loop
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Supply Chain Data Loading(Demand Data) Estimation of Parameters with Uncertainty Find Optimal Solutions
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<Figure 11> Implement of Pricing Strategy Considering Demand Uncertainty
<Table 2> Numerical Study Result
Experimental Conditions v=100,000, -=0.3, ¢,,=14,500, ¢,,=11,100, xK,=0.01, 4=0.3
Defuzzification Set 3 0.44 0.45 0.46 0.47 0.48
2, (unit : $) 16,840 17,600 18,440 19,115 19,805
P, ,(unit : §) 12,225 12,860 13,615 14,339 15,140
P,=P +P., 29,065 30,460 32,055 33,454 34,945
D(P)(non-Linear) 107,500 95,098 83,874 74,178 65,511
D(P)(Linear) 8,721,100 8,629,300 8,525,500 8,427,700 8,322,600
Over Demand Forecasting 8,613,600 8,534,300 8,441,600 8,353,500 8,257,100
AD(P)(non-Linear) 12402 22335 9696 8667
AD(P)(Linear) 91,800 103,800 91,800 105,100
A(P) 1,395 1,595 1,399 1,491
E(non-Linear) 2423 2231 2.649 2631
E,(Linear) 0.219 0.230 0.263 0.280
Objective Function Value(non-Linear) 244,620,000 273,830,000 274,900,000 270,510,000 263,640,000
Objective Function Value(Linear) 19,845,000,000 24,739,000,000 27,550,000,000 29,773,000,000 32,032,000,000
BA A3}, a9t 74 <Figure 125014 HE ) Non-Liesr Darend
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2 1040 257
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D(P) Q 1020 e
E, = (10)
AP 1000 — 2
P' 1.8 4
980 - x 10’
1.55 15 1.45 14 135 13 126 5 1.6 P(r1)

Where, AD(P)=D(P),,,—D(P),

And, AP, =P, — P,

r,t

x10%

P(r,2)

<Figure 12> Pricing Strategy Considering Price Elasticity and
Demand Uncertainty
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