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Abstract

Due to recent worldwide environmental and green products consciousness, a
systematic analytical process to evaluate various alternative courses of action with the
objective of developing an efficient way to employ scarce resources is critical. The
pressures from WEEE (Waste Electrical and Electronic Equipment), RoHS
(Restriction of Hazardous Substance) and European Union have played an important
part in enhancing the greening of products. After December 31, 2006, each person of
WEEE main members has to recovery at least 4 kilograms recycling quantities every
year. Therefore, each enterprise must achieve the recovery system in order to conform
to the WEEE instruction.

Increasing environmental consciousness, limited of natural resources to
manufacture new products, recovery quotas to avoid disposal, manufacturers assigned
to be responsible for used products, and materials value of components included in
returned products are incentives for product recovery. Reuse of products and materials
is not a new phenomenon. Waste paper recycling, metal scrap brokers, and deposit
systems for soft drink bottles are the examples that have been around for a long time.
In these cases recovery of the used products is economically more attractive than
disposal.

In this study we discuss the newly procured and reusable items that have
imperfect quality. The model assumes that a fixed proportion of the used products are
collected from customers and later recovered for reuse. The recovered products are
regarded as perfectly new ones. The object is to obtain the economic order quantity
(EOQ) for procurement and the optimal inventory level of recoverable items to start
the recovery process simultaneously. The formulation treats the two inventories as
interdependent parts of a total system, and jointly determines the optimal lot sizes for
the recovery and the procurement process. A mathematical model and program are
developed to derive the minimal cost, and finally numerical example and sensitivity
analysis are given to analyze the key factors in the system.

Keywords: recoverable items ~ inventory level ~ imperfect quality ~ EOQ.
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3aC, pb°t” —3a’C, pbt = 3aC, pbt(bt —a) < 0 (5-12-5)
3aC,, pb’t> —3a’C,, pbt =3aC, pbt(bt—a) <0 (5-12-6)
C.b’rt’ —C.b’pt’ =C.b’t*(r-p)<0 (5-12-7)
t*p*Cb> —t’pCb’r=(p-r)>0 (5.12.8)
C . bt’r-C b’t’p=C bt’(r-p)<0 (5-12-9)
#-(5-12-1)(5-12-2)(5-12-7)(5-12-9) )4 4c # & % 3
(p-r)C, +C,)@° -b’t’)>0 (5-12-10)
#-(5-12-3)(5-12-4)(5-12-5)(5-12-6) )tp+c B S5 % % :
3abt(r — p)(C, +C,,)(a-bt) <0 (5-12-11)

#-(5-12-10)(5-12-11)4p4c £ & % & :
(p-1(C, +C,)(@’ -3a’bt+3ab’t’ —b’'t’) = (p-r)(C, +C,)@-bt)’ >0 515 5

Fle 7 M (5-12-12)5% A F > VH OB ME -3 A o HH PR A
TCUC Owtlaties £ R 5 v REBRGPEF £ o

5.3.4.2 HZ 3 2

(D® e fldF 4
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C.+ Cm@t (R—Rg)(T—t)) 5-13)

(D tsk = & :
nC, +CX2[R+ZQ j (5-14)
(3)37HS & i=
nC, (5-15)
DFEF 2B a 58326 #)
d _Q-Q7d (5-16)
y

2
n 1 d o
2 . I =
ChZ[iZ:ly [2di+x(1_8)2]}

2 2 2 2 2
Chz(y(n+1)a+y8a+y ob ya y b+3y (n+1)b y"b(n+1)

2 2 2 2 2 4 4
_3y2(n+1)8b+y28b(n+1)2_y(n+l)6a_ da>  2ydab
4 4 2 X(1-8) x(1-98)*

s 25%a’ +4y82ab_ y? & b? +2y282b2_ 8a>  2yd8’ab
X(1-8) x(1-8)* x(1-8)> x(1-8)> x(1-8)* x(1-8)
_yrete? (n+1)8a +3y(n+1)5ab_2(n+1)52a2

X(1-8)  x(1-98)* X(1-38)° X(1-38)°
6y(n+1)62ab 13y*(n+1)8b*> 13y*(n+1)8*b> (n+1)8°a’
X (1-35)2 6x(1-8Y  3x(1-8)7  x(1-8)
3y(n+1)83ab+13y2(n+1)83b2_y8ab(n+1)2+2y62ab(n+1)2
X(1-38)° 6x(1-58)° X(1-38)° X(1-38)°
3y28b*(n+1)° 3y 3°b*(n+1)* yd&’ab(n+1)> 3y*8°b*(n+1)°

O 2x(1-8) x(1-5)> Xx(1-8)2  2x(1-5)°
Sb*y*(n+1)° 28*b’y*(n+1)° 83b2y2(n+1) (5-17)
3x(1-8)>  3x(1-5) 3x(1-5) j

#-(5-13)(5-14)(5-15)(5-1T) 4 27 W= A TC ()5 :

(T-t)(R-R0O)
(c +C, (2 + 5 ) ncC,

2
+CX2[R+a(n+1)—by(n2+1) +3by(2n+l)—a—by]+nC0+Ch2[

y(n+1)a+y8a+y28b_E_y2b+3y2(n+1)b_y2b(n+1)2
2 2 2 2 2 4 4
_3y2(n+1)8b+y28b(n+1)2_y(n+1)8a_ da>  2ydab
4 4 2 X(1-8) x(1-98)*
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. 25%a’ +4y82ab_ y? & b? +2y282b2_ §a>  2yd8’ab
X(1-8) x(1-8)* x(1-8)> x(1-8)> x(1-8)* x(1-8)
e +(n+1)8a2+3y(n+1)8ab_2(n+1)82a2

Xx(1-8)*  x(1-98)° x(1-38)* x(1-38)*
_6y(n+1)62ab+13y2(n+1)6b2_13y2(n+1)82b2+(n+1)83a2
X(1-38)° 6x(1-38)° 3x(1-38)° X(1-38)°
+3y(n+1)63ab+13y2(n+1)63b2_y8ab(n+1)2+2y82ab(n+1)2
X(1-38)° 6x(1-38)> X(1-38)> X(1-38)°
_3y28b2(n+1)2+3y282b2(n+1)2_y83ab(n+1)2_3y263b2(n+1)2
2x(1-38)° X(1-38)° X(1-38)° 2x(1-38)°
24,2 3 2 h24,2 3 3 h2,4,2 3
+ESby(n+12)_28by(n+21)+8by(n+21) T (5-18)
3x(1-39) 3x(1-39) 3x(1-39)
rR_t (5-19)
.
__ PR (5-20)
(ar —bR)
y=l (5-21)
n
T=tp—Re (5-22)
(p-1)

#-(5-19)(5-20)(5-21)(5-22) #* » (5—18)“,% R ERE RS A TOUC

t):
tp—rto
27 (p—r —tj(rt—rte) pric,,
Cot Cny 2 F 2 +ar—brt

2
prt
(Tt _b(ar—brn[ar_brt+lj
ar—brt 2pr
prt

ar—brt+1)_a_b(ar—brt) . prtC, e
2pr pr ar—brt h2

+CX2 rt

3b(ar—brt)(
+

(ar-brt)a (ar-brt)’bh  5a’ s 28%°a &'’
2pr 2p*r? X(1-8)" x(1-8)* x(1-8)*

(p”+1]5a2 Z(prt+1]82a2 [p”+1j83a2

ar—brt ~ ar—brt ar—brt
X(1-38)> X(1-38)> X(1-38)>
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prt
(ar_brt)(ar—brtJrl)a (ar—brt)da (ar—brt)’8b
- - - o
2pr 2pr 2p°r
2
_ of _Prt B on( Prt
+3(ar brt) (ar—brt+1]b_(ar brt) b(ar—brt+1]
4p2r2 4p2r2
2
_ 2 Pt _ 25 Pt
_3(ar brt) (ar_brt+1]8b+(ar brt)Sb(ar_brtJrlj
4p2r2 4p2r2
prt
_(ar_b”)(ar—brt+1)8a_2(ar—brt)8ab+4(ar—brt)82ab
2pr prx(l-35)> prx(l-35)>
_(ar—brt)28b2+2(ar—brt)282b2_2(ar—brt)83ab
pirix(1-9)* pirix(1-35)* prx(l-25)*
prt
_(ar—brt)283b2+?’(ar_brt)(ar—brtJrl)éSab
pPrx(1-38)* prx(l—35)>
prt 2 B 2 prt 2
6(ar—brt)(ar_brt+1j6 ab 13(ar-brt) (ar—brt+1)6b
N 2 + 2.2 2
prx(l-29%) 6p rx(l1-9)
2 prt 2 12 B prt 3
_13(ar—brt) (ar—brt+lj8 b +3(ar brt)(ar_brt+1j8 ab
3pirix(1-38)> prx(l-38)>
2
_ 2 prt 312 _ prt
+13(ar brt) (ar—brt+1j8 b _(ar brt)Sab(ar_brt+1]
6prix(1-35)* prx(l-35)*

2 2
) prt B 2 ¢ w2 prt
2(ar—-brt)d ab(ar—brt+1j _3(ar brt)ob (ar—brt+1)

prx(l-35)> 2pirix(1-35)>

+

2 2
_ 282 p2 prt _ 3 prt
3(ar brt)Sb(ar_brt+lj _(ar brt)d ab(ar—brt+1]

pirix(1-9)* prx(l-29)>

+

2 3
_ 28312 prt 2 _ o Prt
3(ar brt)Sb(ar_brt+1) db°(ar-brt) (ar—brt+1j

2p%rix(1-35)> i 3x(1-38)p?r?
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3 3
282b2(ar—brt)2(prt+lj 63b2(ar—brt)2(prt+1]

- ar—brt N ar—brt
3x(1-8) p?r? 3x(1-38)p?r?
(p—r)(tp-rto) (5-23)
- TOUE¥ t = e BT 785

1
g(—6a3CX1px—6a3Cpr+6a3Csxr+6Cprb3t3—6Cx1xrb3t3
343 3.2 2 242 2
+6C, pxb't-6tp°C b°x+18aC, xrb t"°+18a°C pxbt
+6t°pC b>xr—18a’C xrbt+2a’t’C,b*6pr-6C xrb*t’

-18aC_ pxb*t’+18a’C pxbt-2a*t’C_b*6p>-18aC pxb*t’
3 2 A2 242 2 3
-3at’C,b p°x+18aC xrb t"—18a"C xrbt+6a’ C xr

+3at’C,b’pxr) /((-p+ro)t’x(a-bt)?)

(5-24)

Be(5-24):8 m + mjrE B E R 0 (5-23)5 % Bl B> F15 (- ptrd)<0 -

2a’b’t’C,, po(r—p) <0 (5-24-1)
6b°t* pC x(r— p) <0 (5-24-2)
6a’C x(r—p)<0 (5-24-3)
6a’C x(r—p)<0 (5-24-4)
6b’’C,x(p-r)>0 (5-24-5)
6b°t°C x(p—-r)>0 (5-24-6)
18a’bt C  x(p-r)>0 (5-24-7)
18a°btC x(p-1r) >0 (5-24-8)
18ab *t’C x(r - p) <0 (5-24-9)
18ab*t*C , x(r— p)<0 (5-24-10)

#e (5-24-2)(5-24-3)(5-24-4) (5-24-5)(5-24-6)(5-24-T) (5-24-8)(5-24-9) #p

sef %L 6x(r—p)C,+C,)@-bt)’ <0 (5-24-11)
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FREP (5-24)8 + 3 > VENEME R A o HE RS A TOUC )
WA L AR T REAEERFt .

5.4 Wit fF bI3P

5.4.1 F#H[(L)7HRATHERF T &

A& b % Koh et al. (2002) ehb|dEse ugf B ee » BT @ fochfdicd
Bor Ay e ety B 0 U mapple #F BN 2 A dfR > ke A iE T
() en RO E e Tkt RS & o 52300 H = > p=100 & = o
vl W2 B4 4 p=300 H =/,
Eaw e s =100 & =/
v B AR2 X B A A (=20 $/F k4,
PEFTEZ TR A =5 $§/F =%,
vl WA S B n ek =1 §/FH
AR H RSk =2 §/F H
¥ E TS~ =10 $/= =,
2 H gk A C=0.5 $/F ¥ i+,
& 1 ¥k & x=30%8%60=14400,
T F A 2 F F=0.05.
Bt pEE A A (G-11)4 8 SR > EEEE =153 E D 153~ £=3. 12
~ y=0.49 ~ 7=2. 26 ~ TCU '=297.52 «
28 1#FEF L A2 ik

t r n 14 T ey

1.0 100 1.5 0.67 1.48 300. 61
1.1 110 1.74 0.63 1. 62 299. 43
1.2 120 2 0.6 1.77 298. 58
1.3 130 2.29 0.57 1.91 298.01
1.4 140 2.63 0.53 2.07 297. 67
1.5 150 3 0.5 2.21 297.52
1.6 160 3. 42 0.47 2. 36 297. 55
1.7 170 3.92 0.43 2.01 297.°77
1.8 180 4.5 0.4 2. 66 298. 16
1.9 190 5.18 0.37 2.8 298.73
2.0 200 6 0.33 2.95 299. 52
2.1 210 7 0.3 3.1 300

3.1 310 -93 -0.03 4.5 188. 45
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Fhonee g R B JIF RN R £ F A AR Bl ek e ] 4T
B =3~ =1.5

F 9=300 > £=250 > =200

¥ P AT SR A & = (2%((30042504200)%0.5)/2)/2. 21=169

¥ pE TS Ak =(3%5)/2. 21=T

¥ P s & & = (10+(150%0.5))/2. 21=38

e pE R ow fodF % & = (204(150%1. 5)/2+(150-150%0. 05)%(2. 21-1.5)/2)
/2.21=83

¥ pE A & =169+7+38+83=297. 52

5.4.2 F#H(2)7THATEF * L &

1% b 1 2 Sl H e ATwd 25 0=0.02> e %7 K5 2A48% (210
b-100) o B¢ ik Sl o~ (5207 s 4 LR EE ARG £=0.7 3
B RET0 s 22,1 ~ p=0. 33 ~ 7=1. 032 ~ TCU=199. 48 -
Fli ned R I AR e WF S AR Flo ok 2 4T
Bt =2~ t=0.6 -

¥ 2HF = AS M2 Fi#en

t R n y T TCU
0.1 10 0.75 0.13 0.15 342
0.2 20 1.2 0.17 0.3 258
0.3 30 1.5 0.2 0.4 227
0.4 40 1.7 0.23 0.6 212
0.5 50 1.9 0.27 0.7 204
0.6 60 2 0.3 0. 885 200. 67
0.7 70 2.1 0.33 1. 032 199. 48
0.8 80 2.18 0. 36 1.18 200
0.9 90 2.25 0.4 1.33 202
1.0 100 2.31 0.43 1.48 205
1.1 110 2. 36 0. 47 1. 62 208
1.2 120 2.4 0.5 1.78 212
1.3 130 2.44 0.53 1.92 216

F1t @=30 > ¢=60
H AT o A =(2%(4. 4148. 82)/0. 885=29. 9

H o pERE TS A =(2%5)/0. 885=11. 3

H - pr sk = & =(2%10+(60+30+60)*0. 5)/0. 885=107. 34

H = pF B owjodF 5 = & = (20+(60%0. 6)/2+(60-60%0. 05)*(0. 885-0.6)/2)
/0. 885=52. 12
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B pE R A =29, 9+11. 3+107. 34+52. 12=200. 67
5.5 AR B & 17

5.5. 1 g%i;d (1

TR e BT E R A2 B RRSRR 2 $H R A S 4
*ﬁi\ AT S HiTAR R AT 0 THE A4S AR 2 (A e P o
Iﬁ,#\%—ﬁxm%wé’%p S s i-FHETr ks (D) O={p r G
2 GG Cer CarCe > & 2a b B¢ < i@EB{300-100-20-5-1>2>10
»0.5-0.05-300° 100 } o FH# wEEPN 2 E’Jfﬂiﬁ”zf%GZ{—%%’—ZO%’
-10% > 0% > +10% > +20% > +30%} et e 1 > ¥ H w2 H s ch e > T 0475035
H A iz Ew‘-@a\d\’v»uﬁn*ﬁa\ﬂksé‘?{’ T A d ¢ ou Lo FAF ehg i )
e A/ RBEEATREOHFRAIAL TOU Z385 57 F S¥k2 5%
e R#E
TCU -TCU "
TCU”

HipM AT RAcd 23 9rm B ApM S8z ¥ B REEUS A T
RFLEIERE T7 UFR DT S8 TCU B P2 245407
(DE =88~ JOUH & S 8cnip 27 v 2 58 fafi) .

tApl i poro GG Ci G Ca? Gz » & 7a-

fARM tDhore
(DE =3+~ UM & Bt B3 BV A2 G Z )

BRRER a'pCee

PR R DG Ge oo

MR R rG G G O~

2 AR RATZHE L

x100%

-30% -20% -10% 0% 10% 20% 30%
a -20 -14 -7 0% 7.6 15 23
D -14 -8 -4 0% 3 6 3
r 0. 64 0.3 0.09 0% -0.04  0.23  [-0.52
b 4.2 2.9 1.5 0% -1.6 -3.2 -4.8
Cs [-0.89 |-0.6 -0. 3 0% 0.3 0.59 0.89
Co |[F0.7 -0.47  1-0.23 0% 0.23 0.46 0.7
Chi |-7.6 -5. 1 -2.5 0% 2.5 b. 1 7.6
Chz |17 -11 -0. 7 0% 5. 6 11 17
Cxi F0.45  }0.3 -0.15 0% 0.15 0.3 0.44
Cx2 |3.42 [2.28 |F1.14 0% 1.12 2. 28 3. 42
& -0.26  |F0.17  [-0.09  |0% 0.08 0.17 0. 26
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25 D
20 ~ r
15 ~
5 % — s
0 — = ‘ ‘ ‘ 1 |— (o
_}5 — cui
J5 J// — Ch2
-20 Cx]
25 Cx2
g

Bl 7 AW 582 2 F
Bt EEFEORF ca G p ERPI R A UL ERF - F a
B R0 1K 30%PE 0 s A TOU S g < ¢/q2%,g(hﬁ+%ww
0% » A A TCUS 3 A RSN 1% & pH = S50 0% > & & TCU
SERH ARG %A b G Co RBEBRS A ]'(jym,ug)gyr] C RO
Cos Co > OB 2 BA R T8 FR] 0]

5.5.2 #6] (2)

BAAMRET i R A rr B ApM Sl REBEAROT:
R¥IpEEALRE 87 NEFR AT B U FE S 5407
(DE g~ JOU%> 3 FHpRIZT B 72 55 B2
T4l i p GG Cu G Car Gz 2 & 7a-

EApM b ro O
(DE =83~ TOUE> & Sl R 2 R P 2 5 2 A5
BARRRE D Cee
"HJ \‘f};i b 071’072 °
Mgt R ta'r'G G Ci> & 0~

23



R AR RAPTLRE A

-30% | -20% | -10% | 0% 10% | 20% | 30%

p [-30.76[-19.83[-9.64 | 0% | 9.23 |18.15] 26.82
Ce |-12.49(-8.33 | -4.16| 0% | 4.16 | 8.33 [12.49
b 7.63 | 4.83 | 2.32 0% |-2.17|-4.23 |-6.21
Chv | -5.18-3.45|-1.73 | 0% 1.73 | 3.45 | 5.18
Ce |-4.83|-3.22|-1.61] 0% 1.61 | 3.22 | 4.83
Ca |-3.06]-2.04|-1.02] 0% 1.02 | 2.04 | 3.06
G | -2.91(-1.941-0.97 0% | 0.97 [ 1.94 | 2.91
a |-2.7]-1.821-0.91] 0% | 0.91 [ 1.81 [ 2.71
G |-1.53 [-1.02|-0.51 | 0% | 0.51 | 1.02 | 1.53
r 0.98 [ 0.83 | 0.5l 0% |-0.69|-1.57 [ -2.63
g 1-0.341-0.22)-0.11| 0% | 0.11 [ 0.23 | 0.34
o 0.1 | 0.07{0.03 0% |[-0.03]-0.07( -0.1

30 P
- Cx2

20 ~
/ b
Y / Chl
0 ‘ ‘ : ‘ —Ch2
—— —cx
-]0 - / _ CS
-20 —a
/ Co
-30

L4

B0 ¥ A WA WA dA A S

B2 8 APk ¥z %2 W
PR EEFGIRF o p G h AR PHE R A T hi B RF o F p
BA AR B0%PE  H A A TOU S R AR 0% F Gl AR
30%m » H iz h TOU~ g8~ "5 126 b O Ce ZFFE =38~ &
TCUehZ & RFea r -GG 0o &~ OHE 33 & EICU ehF: 80 2]
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