Chapter 4 System M odelling

Before modelling, the assumptions of the integrated logistics model (ILM) will
be listed in section 4.1. Then, system functions will be enumerated and defined in
section 4.2. Finally, objective functions and constraints of the ILM will be described,

respectively, in section 4.3 and section 4.4.
4.1 Assumptions
There are some assumptionsin the ILM listed as follows.

1. The quantity of demanded products will be given. In other words, the
amounts of demanded products, supply nodes (SN), and end-customers are

known.

2. The quantity of useless products will be given by thereturnratio y .1In
other words, the amounts of useless products, sold by end-customers and

procured by return nodes (RN), are determined by the return ratio.
3. The capacities are known constant.
4. The cost parameters are known.

5. Purchase lead-times (tiproducts,members) in BLS and transport lead-times in

RLS are fixed and known.
6. Up-stream member bears transportation cost (expect end-customers).
7. Shortages are not allowed.

8. Only one item of products could be considered in the proposed model. In
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other words, the proposed model could not deal with multi-items

simultaneously.

9. Theflows of scrap products will not be considered in the proposed model.

10. There is no holding cost in end-customers in the proposed model.

11. The cash flows of RMF will not be considered in the proposed model.

4.2 System Functions and Derivations

All of system functions used in this study are showed in Table 4.2-1, which

enumerates the physical definition of system functions as follows.

Table 4.2-1 Definitions of System Functions

System Functions Definitions
Aggregate manufacture cost in
the business logistics system

AAVC, ( AV, Q) Aggregate addeq Yal uecostin
the business logistics system
Aggregate procurement cost in
APC, (P,Q) JOrEIEE pIOCHTe
the business logistics system
Aggregate inventory cost in
AIC, (1,Q) I v
the business logistics system
Aggregate transportation cost in
ATCbI (T’Q) 99 »

the business logistics system
Aggregate recycle fee cost in
the business logistics system
Aggregate revenue in the

ARFC, (RF,Q)

AR (R,
9 business |ogistics system
APC, (RQ) Aggregate procurement cost
e in the end-customers
AR. ( R, Q) Aggregate revenue in the end-customers
AMC, (M, Q) Aggregate manufacture cost in

the reverse logistics system
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APC, (R.Q)
AIC, (1,Q)
ATC, (T.Q)
ATRC, (TR.Q)
AR (RQ)

AS, (S.Q)

Aggregate procurement cost in
the reverse logistics system
Aggregate inventory cost in
the reverse logistics system
Aggregate transportation cost in
the reverse logistics system
Aggregate treatment cost in
the reverse logistics system
Aggregate revenue in the
reverse logistics system
Aggregate subsidy in the
reverse logistics system

AC, (M,AV,P,1,T,RF,Q)
APR,(RQ)
AC.(RQ)

APR.(R,Q)

AC, (M,1,T,TRQ)

Aggregate cost in the
business logistics system
Aggregate profit in the
business logistics system

Aggregate cost in the end-customers

Aggregate profit in the end-customers

Aggregate cost in the
reverse logistics system
Aggregate profit in the

APR,(R,S,
Rul R reverse logistics system
Aggregate manufacture cost in the
AMC, ,(M,Q) integration of the business logistics

AAVCbI—rI (AV ' Q)

APCbI—rI (P! Q)

Al Cblfrl (I ’Q)

ATCbI—rI (T ’ Q)

system and the reverse logistics system
Aggregate added value cost in the
integration of the business logistics
system and the reverse logistics system
Aggregate procurement cost in the
integration of the business logistics
system and the reverse logistics system
Aggregate inventory cost in the
integration of the business logistics
system and the reverse logistics system
Aggregate transportation cost in the
integration of the business logistics
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system and the reverse logistics system
Aggregate treatment cost in the
ATRC, (TR,Q) integration of the business logistics
system and the reverse logistics system
Aggregate recycle fee cost in the
ARFC, , (RF,Q) integration of the business logistics
system and the reverse logistics system
Aggregate revenue in the integration of
AR, (RQ) the business logistics system and the
reverse logistics system
Aggregate subsidy in the integration of the

AS, ., (SQ) business logistics system and the reverse
logistics system
NPR, (M,AV,P,I,T,RF,R Q) Net profit in the business logistics system
NPR, (M,I,T, TR R S,Q) Net profit in the reverse logistics system
Aggregate cost in the integration of the
AC, ,(M,AV,P,I,T,TR RF,Q) business logistics system and the reverse
logistics system
Aggregate profit in the integration of the
APR, (R S,Q) business logistics system and the reverse
logistics system

Net profit in the integration of the
NPR, , (M,AV,P,I,T,TR, RF,R S,Q) business logistics system and the reverse
logistics system

The detailed content of system functions used in this study is showed as follows.
1. Aggregate manufacture cost inthe BLS
The unit cost of manufacturing raw materials x The quantity of raw materials
The unit cost of manufacturing demanded products x The quantity of demanded
products
D M (k) x Ql (k) +
ia

AMC, (M,Q)=>" (4.2-1)

TS MER)xQE,, (K)

Vis
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2. Aggregate added value cost inthe BLS
The unit cost of adding value in | manufacturer x The quantity of demanded
products The unit cost of adding value in j™ wholesaler x The quantity of
demanded products The unit cost of adding value in | retailer x The

quantity of demanded products

DTAVE(K)x QL (k) +
AAVC, (AV,Q)=>"| DT AV (K)xQPL ,, (k) + (4.2-2)

vk | Vi,

Z Aij1 (k) QéiAv (k)

L Vi

3. Aggregate procurement cost inthe BLS
The unit cost of procuring virgin materials x The quantity of virgin materials
(The unit cost of procuring raw materials x The quantity of raw materials
The unit cost of procuring reused raw materials x The quantity of reused raw
materials) The unit cost of procuring demanded products in j™ wholesaler x
The quantity of demanded products The unit cost of procuring demanded

productsin j" retailer x The quantity of demanded products
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2 P (K)xQp o (k) +
Z[P (k)er'?_p<k) 1 .
APC, (P,Q)=>"1 " F?r?n(k)Xerzm_p(k)
vk Z Pplz (k) erJ){P(k) +

> PHK)xQl o (K)

iy

D P (K)x Qe o (K) +

2 R (K)x Qi (K) +

Via

D RE L (K)x Qe (K)

Vija

D RE L (K)x QP (k) +

Yis

vzjzl R (K) x Qg 1 (K) + (4.2-3

D R (K)xQp, (K)

| L Viz

4. Aggregate inventory cost inthe BLS
(The unit cost of stocking virgin materials in | raw material supplier x The
quantity of virgin materials The unit cost of stocking raw materials in j" raw
material supplier x The quantity of raw materials) (The unit cost of stocking
raw materias in j manufacturer x The quantity of raw materials The unit
cost of stocking demanded products in j manufacturer x The quantity of
demanded products) The unit cost of stocking demanded products in j™
wholesaler x The quantity of demanded products The unit cost of stocking

demanded productsin " retailer x The quantity of demanded products
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s (K)xQls, (k) +
%_lrjé(k)Xeré_. (k) |
10 (K)xQl,, (K)+ ]
AIC, (1,Q) =2, vzjs_l,is(k)xqgs.(k) " (4.2-4)
31 EK)xQE, (K)+

Vi2

2 e (k)xQx, (k)

Vs

5. Aggregate transportation cost in the BLS
The unit cost of transporting raw materials to manufacturers x The quantity of
raw materials (The wunit cost of transporting demanded products to
wholesalers x The quantity of demanded products The unit cost of
transporting demanded products to retailersin j™ manufacturer x The quantity of
demanded products The unit cost of transporting demanded products to
end-customers in j™ manufacturer x The quantity of demanded products)
(The unit cost of transporting demanded products to retailers j™ wholesaler x The
quantity of demanded products The unit cost of transporting demanded
products to end-customers in | wholesaler x The quantity of demanded products)
The unit cost of transporting demanded products to end-customers in j™
retailer x The quantity of demanded products

D T (K)x Qi (K) +

Vig
T2, (K) X QE o (K) +
Z T2 (K)xQk, (k)+ |+
Vis _ijfec (k)x Q,jf_ec (k) (4.2-5)

[T (K)xQ!z, (k) +

» . +

vzjz | T2 (K)x Qp2 e (K)
DT (K)xQh . (K)

Vi

ATC, (T,Q)= Z
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6. Aggregate recyclefeecost inthe BLS

The unit recycle fee x The quantity of demanded products to be manufactured

ARFC, (RF.Q) ZRF’S(k) Qi (K) (4.2-6)

7. Aggregate revenueinthe BLS

The unit revenue of selling raw materials x The quantity of raw materials
(The unit revenue of selling demanded products x The quantity of demanded
products to be transported to wholesaers The unit revenue of selling
demanded products x The quantity of demanded products to be transported to
retailers in | manufacturer  The unit revenue of selling demanded products x
The quantity of demanded products to be transported to end-customers in j"
manufacturer) (The unit revenue of selling demanded products x The
quantity of demanded products to be transported to retailers in j™ wholesaler
The unit revenue of selling demanded products x The quantity of demanded
products to be transported to end-customers in j" wholesaler) The unit
revenue of selling demanded products x The quantity of demanded products to
be transported to end-customersin | retailer

2 R (K)x Qi (K) +

Via
R (K)xQF o (K) +
| RE (k)xQi () + [+
AR, (RQ) =1 | REL(KxQL() 4.2-7)
vk - .
Rl (k)xQk, (K) +
2 R (0-QL 00

D R (K)x Qg (K)

Vi

8. Aggregate procurement cost in the end-customers

The unit cost of procurement x The quantity of demanded products
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APC_ (RQ)=> "> Pr(k)xQk, (k)
vk Vijo

2 R (K)x Qo (K) +
=Y | DREL(K)x QY o (K) + (4.2-8)

vk | Vi,

D R (K)xQp o (K)

| Vi

9. Aggregate revenue in the end-customers
The unit revenue of selling useless products to collecting points x The quantity of
useless products The unit revenue of selling useless products to recycle plants
x The quantity of useless products The unit revenue of seling useless

products to disassembly plants x The quantity of useless products

p-p (K)x Q55 (K) +
ZZ p rp(k) up rp(k)+ (4.2-9)
p dp(k)>< up— dp(k)

10. Aggregate manufacture cost inthe RLS

The unit cost of manufacturing reused raw materials x The quantity of reused

raw materials

AMC, ( )=D. > ME(K)xQl , (K) (4.2-10)

VK Vi,

11. Aggregate procurement cost inthe RLS
The unit cost of procuring useless products in j™ collecting point x The quantity
of useless products The unit cost of procuring useless products in j™ recycle
plant x The quantity of useless products The unit cost of procuring useless
products in j" disassembly plant x The quantity of useless products The unit

cost of procuring reusable material x The quantity of reusable materials
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R (K)x Qo (K) + ]

P (K)x QL2 (k) +
APC”(R’Q):; PL (k) x QL2 (K) +
LEGECEGN
[REL(KxQl (k) +] ]
> | RE (k)% uprp(k>++
P RE (k) xQE (k) |
()% denp(k>+

=ZZ +

vk | V| p dp(k) up dp(k)

Z p dp(k)>< up dp(k)+

Vi

brwsmm k rbm smm k
; 10 “ (4.2-11)

12. Aggregate inventory cost inthe RLS

The unit cost of stocking useless productsin j™ collecting point x The quantity of
usel ess products The unit cost of stocking useless products in j™ recycle plant
x The quantity of useless products (The unit cost of stocking useless products
n j™ disassembly plant x The quantity of useless products The unit cost of
stocking reusable materials in j" disassembly plant x The quantity of reusable
materials The unit cost of stocking derivative waste in j™ disassembly plant x
The quantity of derivative waste) (The unit cost of stocking reusable materials
n j™ secondary material market x The quantity of reusable materials The
unit cost of stocking reused raw materials x The quantity of reused raw materials)

The unit cost of stocking derivative waste in j™ landfill/ incinerator x The

quantity of derivative waste
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Z |yt ()% Qut (K) +

Z'“(k) e (K) +
15 (k) dea. (K)+ |
AICrI (l lQ) = Z Z Irjbr3n(k) rbm I (k)+ + (42'12)

1400:Qi 00|
14500<Qk, (0]

rbm rbm—
)3 +

Via Irjrﬁ(k) rrm— (k)
D e (0)xQue ()

Vis

13. Aggregate transportation cost in the RLS

(The unit cost of transporting useless products to collecting points in j"
end-customer x The quantity of useless products The unit cost of
transporting useless products to recycle plants in j" end-customer x The quantity
of useless products The unit cost of transporting useless products to
disassembly plants in j™ end-customer x The quantity of useless products)

(The unit cost of transporting useless products to recycle plants in j™ collecting
point x The quantity of useless products The unit cost of transporting useless
products to disassembly plants in j™ collecting point x The quantity of useless
products) The unit cost of transporting useless products to disassembly plants
in j™ recycle plant x The quantity of useless products (The unit cost of
transporting reusable materials to secondary material market x The quantity of
reusable materials The unit cost of transporting derivative waste to landfills/
incinerators in j" disassembly plant x The quantity of derivative waste) The

unit cost of transporting reused raw materials to manufacturers x The quantity of

reused raw materials
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TU:JO cp (k) up cp (k) +

Z TU:JO rp(k) up rp(k)+ +

Yio
Tu:)O dp(k)>< up— dp(k) |

z Tui)lrp(k) Qup rp(k)+ +

Vi Tuialdp(k)x up— dp(k)
ATC, (T.Q) =D 1D T2 (K)x Q24 (K) +

vk | Vi,

(4.2-13)

Tr!J)rr31 smm(k)>< rbm smm(k)+
+
;‘; dW—Il (k) de li (k)

D T (K)x Qi (K)

Via

14. Aggregate treatment cost inthe RLS
The unit cost of treating useless products in " disassembly plant x The quantity
of useless products The unit cost of treating derivative waste x The quantity

of derivative waste

D TR (K)x Qe (K) +
ATRC, (TR,Q):%“ ETRJ“;(k)x 9 (4.2-14)

Vis

15. Aggregate revenueinthe RLS
(The unit revenue of selling useless products to recycle plants x The quantity of
useless products The unit revenue of selling useless products to disassembly
plants in j™ collecting point x The quantity of useless products) The unit
revenue of selling useless products to disassembly plants in j™ recycle point x
The quantity of useless products The unit revenue of selling reusable
materials to secondary material market x The quantity of reusable materials
The unit revenue of selling reused raw materials to manufacturers x The quantity

of reused raw materials
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Z[ b (K)xQl rp(k)+}

1| Ristap ()% Qi (K)
ZRJJp dp(k)>< up dp(k)+

ARI (R’Q):Z Viz
> (4.2-15)
Z bm—smm(k)>< rbm smm(k)+
R n(K)x Qi (K)

16. Aggregate subsidy inthe RLS

The unit subsidy of treating useless products x The quantity of useless products

ASr| S Q Zz Sl (k)x Up— TR(k) (4.2-16)

vk Vj_3

All derivations of system functions used in this study are showed as follows.
17. Aggregate cost inthe BLS
Aggregate manufacture cost in the BLS Aggregate added value cost in the
BLS Aggregate procurement cost in the BLS Aggregate inventory cost in
the BLS Aggregate transportation cost in the BLS Aggregate recycle fee

cost in the business logistics system in the BLS

AC, (M,AV,P,1,T,RF,Q) = AMC, + AAVC, + APC,, + AIC, + ATC, + ARFG,

(4.2-17)

18. Aggregate profit inthe BLS Aggregate revenue in the BLS

APR; (R Q) = AR, (4.2-18)
19. Aggregate cost inthe RLS
Aggregate manufacture cost in the RLS Aggregate procurement cost in the
RLS Aggregate inventory cost in the RLS Aggregate transportation cost

inthe RLS Aggregate treatment cost inthe RLS
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AC, (M,1,T, TR, RQ)= AMC, + APC, + AIC, + ATC, + ATRC, (4.2-19)

20. Aggregate profit inthe RLS

Aggregate revenue inthe RLS Aggregate subsidy inthe RLS

APR,(R,S,Q) = AR, + AS, (4.2-20)
21. Aggregate cost in the end-customers

Aggregate procurement cost in the end-customers

AC.(RQ)=APC, (4.2-21)

22. Aggregate profit in the end-customers

Aggregate revenue in the end-customers

APR,(R,Q)= AR, (4.2-22)
23. Aggregate manufacture cost in the integration of the BLS and the RLS
Aggregate manufacture cost in the BLS Aggregate manufacture cost in the

RLS

AMC,, ,(M,Q)=AMC,, + AMC, (4.2-23)
24. Aggregate added value cost in the integration of the BLS and the RLS

Aggregate added value cost inthe BLS

AAVC, , (AV,Q) = AAVC, (4.2-24)
25. Aggregate procurement cost in the integration of the BLS and the RLS
Aggregate procurement cost in the BLS Aggregate procurement cost in the

RLS

APC, , (P,Q) = APC, + APC, (4.2-25)
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26. Aggregate inventory cost in the integration of the BLS and the RLS

Aggregate inventory cost inthe BLS Aggregate inventory cost inthe RLS

AIC, ,(1,Q)= AIC, + AIC, (4.2-26)
27. Aggregate transportation cost in the integration of the BLS and the RLS

Aggregate transportation cost in BLS Aggregate transportation cost in RLS

ATC, ,(T,Q) = ATC, + ATC, (4.2-27)
28. Aggregate treatment cost in the integration of the BLS and the RLS

Aggregate treatment cost in BLS Aggregate treatment cost in RLS

ATRC, (TR Q) = ATRC, (4.2-28)
29. Aggregate recycle fee cost in the integration of the BLS and the RLS

Aggregate recycle fee cost inthe BLS

ARFC, , (RF,Q) = ARFC, (4.2-29)
30. Aggregate revenue in the integration of the BLS and the RLS

Aggregate revenue in BLS Aggregate revenue in RLS

AR, (R Q) = AR, + AR, (4.2-30)
31. Aggregate subsidy in the integration of the BLS and the RLS

Aggregate subsidy in RLS

ASDI—rI (SQ) = AS, (4.2-31)
32. Net profitinthe BLS

Aggregate profit inthe BLS Aggregate cost inthe BLS
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NPR, (M,AV,P,1,T,RF,R Q)= APR, - AC,
) AMC, + AAVC, + APC, + (4.2-32)
=AR A C, + ATC, + ARFC,

33. Net profitinthe RLS

Aggregate profitinthe RLS Aggregate cost inthe RLS

NPR, (M,1,T,TR,R,S,Q)= APR, — AC,

AMC, + APC, + AIC, (4.2-33)
:(AR|+AS”)—[ j

+ATC, + ATRC,

34. Aggregate cost in the integration of the BLS and the RLS

Aggregate cost inthe BLS Aggregate cost inthe RLS

ACblfrI (M 1 AV, P, I ,TyTR; RF,Q) = ACbI + ACH

= AMC, , + AAVC, , + APC, , + AIG, , +
ATC, , + ATRC, . + ARFC, (4.2-34)
AMC,, + AAVC,, + APC,, +
) [AI C, + ATC, + ARFC, j
(AMC, + APC, + AIC, + ATC, + ATRC, )

35. Aggregate profit in the integration of the BLS and the RLS

Aggregate profitinthe BLS Aggregate profit in the RLS

APR, , (R S Q)= APR, + APR,
=AR, 1 +AS, (4.2-35)
= ARbI +(AR'I + Asn )

36. Net profit in the integration of the BLS and the RLS

Net profit inthe BLS Net profitinthe RLS
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M,AV,P,I,T,

NP
Ri (TR, RF,RS,Q

j: NPR, +NPR,

=(APR, - ACy ) +(APR, - AC, )
AMCbI + AAVC, + APC, +
AI C, + ATC, + ARFC,,

|: AR’I ASVI

A F\t’)l - bI rl

(AR)I f +ASol rl)

(AMCu i+ AAVG  + APC, | + AIG, +J
=(

=[AR,

Al\/lcrI +APC, + AIC, +
AT(:rI + ATRC,

ATC, , + ATRC, , + ARFC,
APR, + APR, )~(AG, + AC, )
ARn + ASrI ]_
AM c:bI + AAVC, + APC, +
+
AIC, + ATC, + ARFC,

AMC, + APC, + AIC, +
ATC, + ATRC,

(4.2-36)

4.3 Objective Function

In this study, the most interesting issue will be discussed in this section. Since
there is the trade-off between the business logistics system (BLS) and the reverse
logistics system (RLS), the ILM will be proposed to optimize the trade-off in the ILS.

To maximize the net profit in the ILS, the objective function is formulated as follows.
Objectivefuntion: Max Z = wNPR, + w,NPR, (4.3-1)
where, Z :Objective valuefor net profitin thelLS.

w;: The weight for net profit in the BLS.
w,: The weight for net profit in the RLS
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4.4 Constraints

This section will represent the constraints about capacity, inventory,
manufacture, treatment, procurement, and the weight separately in followed

subsection.
4.4.1 Capacity Constraints

In this study, there are lower limit quantity and upper limit quantity with state
variables described in Table 4.4-1. First of al, general forms aimed at the lower limit

quantity and the upper limit quantity will be represented as follows.

1. The general form of the lower limit quantity is like _;}Oductsfmmy(k) or

Q! s members (K) - The physical meaning of Qe acaviey (K) S the lower
limit quantity of products done by some activity in time interval k in j™
member in layer i. The physical meaning of _r’;'mducts_mi)ers(k) isthe lower

limit quantity of products transported to some members in time interval k

in ™ member in layer i.

2. The general form of the upper limit quantity is like Q) ouus aciey (K) OF

Q) ocucs mempers(K) - The physical meaning of Q! i e aciity (K)  iS the upper
limit quantity of products done by some activity in time interval k in j™
member in layer i. The physical meaning of Q! s mampers(K) 1S the upper

limit quantity of products transported to some members in time interval k

inj™ member in layeri.
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Table 4.4-1 The Limit of Quantity

Constraints
Qi 1y (K) < Qi yy (K) < Qi (K) vj.k (44-1)
Qi (K) < QP () <Qfy, () vj.k (44-2)
Qlinn (K) < Qi (K) < Qi (K) vj,k (44-3)
Qi (K) < Ql o (K) < Qi (K) vj.k (44-4)
Qv (K) < Qf (k) < Q2 (K) vj.k (4.4-5)
Qi (K) < Q4 (K) < Q2 (K) vj.k (4.4-6)
Qi p (K) < Qi (K) < Qo (K) vj.k (44-7)
Qli, p(K) < Qlk o (K) < Qlk o (K) vj.k (44-8)
Qrp(K) < Qo (K) < Qr p(K) vj,k (44-9)
Qb (K) < Qi (K) < Qlr 5 (K) vj,k (4.4-10)
Qo (K) < Qlp (K) < Ql 4 (K) vj.k (4.4-11)
Qo (K) <Ql o (K) < Ql o (K) vj.k (44-12)
Qr (k) <QF L (K)<Qr (k) v,k (4.4-13)
Qo (K) < QLo (K) < QLo (K) vj.k (4.4-14)
Q7o (K) < Qlz o (K) < QL2 (K) vj.k (4.4-15)
Qb e (k) <QEH(K) < Ql2a(K) vj.k (4.4-16)
Qi (K) < Qh o (K) < Qk, o (K) vj.k (4.4-17)
Qli (k)< Qi ()< Qi (K) vj,k (4.4-18)
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Qi () <Qk, () <Qk, (K) vj.k (44-19)
Qs () <Qk () <Qk (k) vj.k (4.4-20)
Qr, (k)< Qg (K) < Qg (K) vj,k (4.4-21)
Qk, () <Qk, () < QL (k) vj.k (44-22)
Qi () <Ql, (k) < QL (k) vj,k (4.4-23)
Qb (k) <Qk, (k) < QL (k) vj.k (4.4-24)
Qk, (k) <Qk2, (k) < Qk, (k) vj.k (4.4-25)
QL (K) <QL, (k) < Ql, (K) vj,k (4.4-26)
Qs () < Qi (K) < Qi (K) vj.k (4.4-27)
Qi (K) < Qi () < Qg (K) vj.k (4.4-28)
Qs (K) < Qi (K) < Qi (K) vj.k (4.4-29)
Qi (K) < Qs () < Qly (K) vj.k (4.4-30)
_5654 (K)<Qls (k) < Qj;;_l (k) Vi, k (4.4-3))
Qi (K) < Qi (k) < Qpirr(K) vj.k (44-32)
Qi (K) < Qi (k) < Qhrr(K) vj.k (44-33)
Qs e () <Qh (K <Ql e (K) vj.k (44-34)
Qbne (K) < Qi e () < Qli e (K) v,k (4.4-35)
Qi 5 (K) < Qa5 (K) < Qi 5 (K) vj,k (4.4-36)
Qi 5 (K) < Qo (K) < Qi 5 (K) vj,k (4.4-37)
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gﬁko(k)<Q
m( j-a
: . 5 (K)
- . -
Q¥ - -
- ;3_ e o (K
Q! ) . ru )
Qpec <Q! - .
Q! (k) < 2 (k N )
Q. ( <Q - .
Q r k)< ps—ec( Qj3 ) VJ
_éfec(k_ng k)S@pr(k) |
9;1 )SQr (k) < Q 'is_eC( vj’k
- ) QP k) i
(_Dujg_ SQj (k) < _r(k) | (4'4
Q, Cp(k) pl—ec( _sz VJ _38
_L:S_ S Q k) < p-€c (k , k (44 )
k)< stcp(k) Qh | : (44_39)
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4.4.2 Inventory Constraints

After introducing the limit of quantity, then we will represent the inventory

constraints in various nodes with different products as follows.
1. Inj™ raw material supplier
(1) For virgin materials

The quantity of virgin materials stocked in k™ time interval The quantity
of virgin materials stocked in (k-1)" time interval The quantity of virgin
materials procured in k™ time interval The quantity of virgin materials

exhausted in k" time interval
e (K) =Qlk (k-1 +Qk (k) —Qk ¢ (k) (4.4-58)

inwhich, J&E(k) = Tymirm X rj:wa (k) ’

T vwm: The transition ratio between virgin materias and raw

materials.
(2) For raw materials

The quantity of raw materials stocked in k™ time interval The quantity of
rav materials stocked in (k-1)" time interval The quantity of raw
materials manufactured in k™ time interval The quantity of raw materials

transported to manufacturesin k™ time interval

e (K)=Ql (k=2 + Q. (k) - Q. (K) (4.4-59)
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2. Inj™ manufacturer
(1) For raw materials

The quantity of raw materials stocked in k™ time interval The quantity of

rav materials stocked in (k-1)" time interva The quantity of raw
materials procured in k™ time interval The quantity of reused raw
materials procured in k™ time interval The quantity of raw materials

exhausted in k™ time interval
ot (K) = Qi (k=1 + Q5 (K) + Qo (K) ~ Qe (K) (4.4-60)

in which e (K) = Ty p X ngim (k)

T mvp: The transition ratio between raw materials and demanded

products.
(2) For demanded products

The quantity of demanded products stocked in k™ time interval The
quantity of demanded products stocked in (k-1)™ time interval The
quantity of demanded products manufactured in k™ time interval The
quantity of demanded products transported to wholesalers in k™ time interval

The quantity of demanded products transported to retailers in k™ time
interval The quantity of demanded products transported to end-customers

in k" time interval

(k) = Qp (k=1 +Qpyy (K) ~ Qs (K) — Qi (K) ~ Qe (K) (4.4-61)
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3. Inj™ wholesaler

The quantity of demanded products stocked in k™ time interval The
quantity of demanded products stocked in (k-1)™ time interval The
quantity of demanded products procured in k™ time interval The quantity
of demanded products transported to retailers in k™ time interval The
quantity of demanded products transported to end-customers in k™ time

interval
2 (k) =QF, (k—=D+Qk, (k) -QF, (k) - Q2. (K) (4.4-62)

4. Inj" retailer

The quantity of demanded products stocked in k™ time interval The
quantity of demanded products stocked in (k-1)™ time interval The
quantity of demanded products procured in k™ time interval The quantity

of demanded products transported to end-customersin k" time interval
5 () =Q (k=D +Qk p (k) - Q) (K) (4.4-63)

5. Inj™ collecting point

The quantity of useless products stocked in k™ time interval The quantity
of useless products stocked in (k-1)™ time interval The quantity of useless
products procured in k™ time interval The quantity of useless products
transported to recycle plants in k™ time interval The quantity of useless

products transported to disassembly plantsin k™ time interval
LJ[;l—I (k) = u]ﬁl—l (k_l) + d,;l—P(k) - d,;l—rp(k) - u];—dp(k) (44-64)
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6. Inj" recycle plant

The quantity of useless products stocked in k™ time interval The quantity
of useless products stocked in (k-1)™ time interval The quantity of useless
products procured in k™ time interval The quantity of useless products

transported to disassembly plantsin k™ time interval
Qi (K) = Ql7, (k=D +Qly7 (K) = QL (K) (4.4-65)

7. Inj™disassembly plant
(1) For useless products

The quantity of useless products stocked in k™ time interval The quantity
of useless products stocked in (k-1)™ time interval The quantity of useless
products procured in k™ time interval The quantity of useless products

treated in k™ time interval
Jﬁil (k)= Qujﬁ: (k=1)+ QJ;P (k) - QJ;iTR(k) (4.4-66)

(2) For reusable materials

The quantity of reusable materials stocked in k™ time interval The
quantity of reusable materials stocked in (k-1)" time interval The quantity
of reusable materials manufactured in k™ time interval The quantity of

reusable materials transported to secondary material market in k™ time interval
erigr3n—l (k) = erk;r;—l (k _1) + rjt;rsn—M (k) - rjt;rsn—smm(k) (44_67)

inwhich, Qbmett (K) = Tiomp X Qi ra (K)
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T wmup: The transition ratio between reusable materials and useless

products.
(3) For derivative waste

The quantity of derivative waste stocked in k™ time interval The quantity
of derivative waste stocked in (k-1)™ time interval The quantity of
derivative waste derived in k™ time interval The quantity of derivative

waste transported to landfills/ incineratorsin k™ time interval

it (K) = Qg |(k 1) +Q4: D(k) i (K) (4.4-68)

in which, Qilo(K) = Tawrup * up- TR(k)

T awup: The transition ratio between derivative waste and useless

products.
8. Inj™ secondary material market
(1) For reusable materials

The quantity of reusable materials stocked in k™ time interval The
quantity of reusable materials stocked in (k-1)" time interval The quantity
of reusable materials procured in k™ time interval The quantity of reusable

materials exhausted in k™ time interval

rbm I(k) rbm I(k 1)+ rbm P(k) rbm E(k) (44-69)

inwhich, Qk _(k) =

rbm/rrm rrm M (k)
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T omirm: T he transition ratio between reusable materials and reused

raw materias.
(2) For reused raw materials

The quantity of reused raw materials stocked in k™ time interval The
quantity of reused raw materias stocked in (k-1)" time interval  The
quantity of reused raw materials manufactured in k™ time interval The
quantity of reused raw materials transported to manufacturers in k™ time

interval

rjrir;—l (k) = rjrirfw—l (k _1) + rjriré:l—M (k) - rjrir;—m(k)

(4.4-70)
9. Injthlandfill/ incinerator

The quantity of derivative waste stocked in k™ time interval The quantity
of derivative waste stocked in (k-1)™ time interval The quantity of
derivative waste transported from disassembly plants in k™ time interval

The quantity of derivative waste to be treated in k™ time interval
Qc];\;vs—l (k) = ch\;\fq (k _1) + (:{\;\/3—“ (k) - Q(j\;vs—TR(k) (4_4_71)

4.4.3 M anufacture Constraints
It will represent the manufacture constraints of different products as follows.
1. Raw materials
The trangition ratio between virgin materials and raw materials x The

quantity of raw materials manufactured in k™ time interval The quantity of
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virgin materials procured in k™ time interval The quantity of virgin

materials stocked in (k-1)" time interval
Tvm/rm X rjr;—M (k) < ijr%—P(k) + \/jr;11—| (k _1) (44_72)

2. Reused raw materials

The transition ratio between reusable materials and reused raw materials x
The quantity of reused raw materials manufactured in k™ time interval The
quantity of reusable materials procured in k™ time interval The quantity of

reusable materials stocked in (k-1)" time interval

Trbm/rrm x rj(él—M (k) < rjt;r;—P(k) + rjt;r‘;]—l (k _1)

(4.4-73)
3. Demanded products

The transition ratio between raw materials and demanded products x The
quantity of demanded products manufactured in k™ time interval The
quantity of raw materials procured in k™ time interval The quantity of
reused raw materials procured in k" time interval The quantity of raw

materials stocked in (k-1)" time interval
Trmi p X Q;J;iM (k) < rjril—P(k) + errgm—P (k) + rjril—l (k _1) (44_74)

4.4.4 Treatment Constraints
It will represent the treatment constraints of different products as follows.
1. Useless products

The quantity of useless products treated in k™ time interval The quantity
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of useless products procured in k™ time interval The quantity of useless

products stocked in (k-1)™ time interval
ujﬁS-TR(k) < Quj[;S—P (k) + Qujﬁs-l (k-1 (4.4-75)

2. Derivative waste

The quantity of derivative waste treated in k™ time interval The quantity
of derivative waste transported in k™ time interval The quantity of

derivative waste stocked in (k-1)" time interval
de\;\?—TR(k) S ci\;\f_n (k) + Q(j\;\?q (k-1 (4.4-76)

4.4.5 Procurement Constraints

It will represent the inventory constraints in various nodes with different

products as follows.
1. Inj™ raw material supplier

The quantity of raw materials transported in k™ time interval The quantity
of raw materials manufactured in (k-t)" time interval The quantity of raw

materials stocked in (k-1)" time interval
i (k)<Ql  (k—t* Y+Ql  (k—1) (4.4-77)

rm— rm— rm— rm—

in which, t%mm: The lead-times of procuring raw materials from layer 4 in

manufacturers.
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2. Inj™ manufacturer

The quantity of demanded products transported in k™ time interval The
quantity of demanded products manufactured in (k-t)™ time interval The

quantity of demanded products stocked in (k-1)™" time interval

2w (K)+QE () +QF (k) <QFy (k-1 )+Ql, (k-1 (4.4-78)

p-ws p—members
Iﬂ Whl Ch, tsp-members tsp-ws or tsp-r or t3p.g;

t3p-ws: The lead-times of procuring demanded products from layer 3 in

wholesalers.

t3p-r: The lead-times of procuring demanded products from layer 3 in

retailers.

t3p-ec: The lead-times of procuring demanded products from layer 3 in

end-customers.
3. Inj"™wholesaler

The quantity of demanded products transported in k™ time interval The
quantity of demanded products procured in (k-t)" time interval The

quantity of demanded products stocked in (k-1)" time interval
QP (K)+ QP oK) < QP p (K1 s) + Q2 (K1) (4.479)
|n Whl Ch, tzp-members tzp-r or tzp.e(;

% The lead-times of procuring demanded products from layer 2 in
end-customers.
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t'e: The lead-times of procuring demanded products from layer 1 in

end-customers.
4. Inj" retailer

The quantity of demanded products transported in k™ time interval The
quantity of demanded products procured in k™ time interval The quantity

of demanded products stocked in (k-1)" time interval
2o (K) < Qlp(K)+Ql, (k1) (4.4-80)

5. Inj™ end-customer
(1) For demands

The quantity of demanded products transported in k™ time interval The
quantity of demanded products procured in k™ time interval The quantity

of demandsin k™ time interval
Qe (K) + Q. (K) + Qo (K) = Q2 (K) = D' (K) (4.4-81)

in which, D (k): The quantity of demandsin k™ time interval.
(2) For returns

The quantity of useless products transported in k™ time interval The

quantity of returnsin k™ time interval
Qo (K) + QL (K)+Qp 4 (K) = R (k) (4.4-82)
in which, R (k): The quantity of returnsin k™ time interval.
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6. Inj™ collecting point

The quantity of useless products transported in k™ time interval The
quantity of useless products procured in (k-t)" time interval The quantity

of useless products stocked in (k-1)" time interval

up rp(k)+ up dp(k) < up P(k tup merrbers)+ up I(k 1) (44'83)

. . 1 -1 -1
inwhich, t"ypmembers T up-rp OF T up-dp

t'lup-rp: The lead-times of transporting useless products to recycle plants in

layer -1.

t'lup-dp: The lead-times of transporting useless products to disassembly plants

in layer -1.
7. Inj™ recycle plant

The quantity of useless products transported in k™ time interval The
quantity of useless products procured in (k-t)™ time interval The quantity

of useless products stocked in (k-1)™ time interval
r dp(k) <Qy oe (K= tp-ap) + Qi 22 (k=D (4.4-84)

in which, t'zup-dp: The lead-times of transporting useless products to

disassembly plantsin layer -2.
8. Inj™disassembly plant
(1) For reusable materials

The quantity of reusable materials transported in k™ time interval The
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quantity of useless products treated in (k-t)™ time interval The quantity of

reusable materials stocked in (k-1)" time interval

(k) < up TR(k trbm smm)+ rbm I (k 1) (44—85)

rbm smm

in which, t3pmsmm: The lead-times of transporting reusable materials to

secondary material market in layer -3.
(2) For derivative waste

The quantity of derivative waste transported in k™ time interval The
quantity of useless products treated in (k-t)™ time interval The quantity of

derivative waste stocked in (k-1)" time interval

dw li (k) < QL:p TR(k tdw li ) + Qci\;:—l (k _1) (44—86)

in which, t3pmsmm: The lead-times of transporting derivative waste to

landfills/ incineratorsin layer -3.
9. Inj™ secondary material market

The quantity of reused raw materias transported in k™ time interval The
quantity of reused raw materials manufactured in (k-t)" time interval The

quantity of reused raw materials stocked in (k-1)" time interval
rrm m(k) < rrm M (k trrm m) + rrm | (k 1) (44—87)

in which, t%mm: The lead-times of transporting reusable materials to

manufacturersin layer -4.

4-33



4.4.6 Weight Constraint

Finally, the constraint of weightsis represented as follows.

W+ W, =1 (4.4-88)

4-34



	System Functions
	Definitions
	Constraints

