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1. Introduction

closed-loop supply chain in which the carbon emnis$s expressed in
terms of environmental constraints, namely carbomisgion

constraints, is developed. These constraints ailiméing the carbon
emission per unit of product supplied with diffearegnansportation
mode. Here, we design a closed-loop network whapadity limits,

single-item management and uncertainty on prodwhahds and
returns are considered. First, the fuzzy mathemafioogramming is
introduced for uncertain modeling. Therefore, ttegistical approach
towards possibility to synthesize fuzzy informatien utilized. So,

using defined possibilistic mean and variance, wansform the
proposed fuzzy mathematical model into a crisp fdomfacilitate

efficient computation and analysis. The model igpligd to an

illustrative example of an uncertain green suppigic (GSC).

The global economic growth from the 20th to thet@distury has led to rise in consumption
of goods. Consequently, large streams of goodsvall the world have been founded. In this
way, the production and all aspects of logisticehsas transportation, warehousing and
inventories have created large environmental problsuch as global warming and climate
changes [1]. Department of the Environment, Trartspod the Regions (DETR) estimated
that among the greenhouse gases, CO2 is presdm stmosphere in significant quantities
and accounts for two thirds of global warming [Blegration of SCM concept with the issue
of environment protection confirms sharp declinepwilution problem. Research on this
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approach has received considerable attention dgcamd led to create new research agenda,
Green supply chain management (GSCM). So, GSCMnisva paradigm where the supply
chain will have a direct relation to the environmdwowadays, most research on GSCM has
had a tendency to the reverse logistics and clusgu-supply chains. In the reverse
logistics/closed-loop supply chain systems, a pcodeturns to the manufacturer after use
and can be repaired or remanufactured to be detivagain to the end consumers. A top
environmental issue for an enterprise is how taicedthe utilization of the materials by
reusing and remanufacturing the used products. Arimgs about the GSCM concept and has
led to a problem of the closed-loop supply chaimaggment. With well-managed reverse
logistics, the environment protection can be adlewith minimizing of total costs in the
whole closed-loop supply chain. Some researchesepted the closed-loop models, but they
did not consider the relation between forward aenkrse flows in their proposed models.
These models often assumed the unlimited capaddrethe reverse logistics which is not
valid assumption for representing the real situtidn real life situations, the DC also plays
such role as a collector in a recovery system.tls®,capacity of DC is restricted to both
distribution and collection. Now, there is an imigion between amounts of the distribution
and the collection so that when the amounts ottliection are larger, then the amounts of
distribution must decrease under the same capaChe closed-loop supply chain is
characterized with these interactions. With thd latsuch kind of relations, the model can
be separated into two parts independently and be@supply chain including forward and
reverse chains but not a loop.

Reviewing the literature reported in Table 1, op@y chain management, it is concluded
that a few studies consider the relations betweemdrd and reverse logistics [12, 14, 15, 18,
19, and 20]. In this study, we extend the Mohagerd Fallah's model [20] doing more to
approach to the realistic decisions. First ofladisis on the best mechanism to reduce carbon
emissions come from freight transport conclude¢b] (Emission-constraint problem), we
optimize the proposed closed-loop model in uncergfuation. Due to the capability of
fuzzy presentation to engage uncertain factorszyfummbers are used to describe these
uncertain factors. Thus, the proposed fuzzy cldsed-model is configured.

Second, applying the statistical approach towamssipility, we find a way to synthesize
fuzzy information. In the framework of fuzzy prograing, possibilistic mean and variance
are formulated to transform the proposed fuzzy eddsop model into a crisp form to
facilitate efficient computation and analysis. Thile proposed interval closed-loop model is
configured in this phase.

Third, given this uncertain environment, we fingitthihe development of decision support
procedure is an essential for actual managementigga Therefore, the DM's preference is
taken into account in the proposed interval modehtilation. Thus, the proposed preference
closed-loop model is configured.

To our knowledge, this study is the first paper ehhiormulates the comprehensive closed-
loop supply chain model introduced by Mohajeri &adlah [20] under uncertainty to support
more realistic decisions of logistics and facilipcations. The remainder of our works is
organized as follows. The methodology, includinggadure to transform the fuzzy numbers
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into crisp numbers is fully explained and justifiédl section 2. Next, a mathematical
programming model of the green supply chain loggstin uncertain situation is developed. In
section 4, a numerical example of an uncertain G&dlustrate the effectiveness of the
proposed model is given. Finally, conclusions asawvi.

2. Methodology

Here, a procedure to transform the fuzzy numbeis anisp numbers without losing any
information is developed. In the following, the aiét of transforming are described. Figure 1
shows the proposed resolution procedure.

Estimate (ha uncartain
patiem for Tuzzy
membarship function

onsibdistic Variance
of furzy mambars

Confidoncs mlaryal
of fuzrry mimbars

Poaszibdivtic maan af
furry numbaears

Fraferonco Modal

Figure 1. The resolution procedure

With respect to the Figure 1, a solution procedareope with the uncertain environment is
discussed below. First, a general fuzzy linear rhsdetroduced to determine thedecision
variablesx, subjective toM constraints withm" >" constraints, andi - m" =" constraints.
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No. of product
Single v v v v X X v X v v v v X v v X X v v
Multiple X X X X v 4 X v X X X X v X X v 4 X X
No. of periods
Single x x v x v X v x X v v v x v X x v v v
Multiple v v X v X 4 X v 4 X X X v X 4 v X X X
Manufacturin v v X v v v v v v v v v v v v v v v v
Ranan?,lfactur v v v v v v v X v v v v v v X v v v v
n
Dispgsaj X X v X v X v X v v v v v v X v v v v
Capacity X X v X v v v v v v X v v v x v v v v
Therelation of X X X X X X X X X v x 4 v X X v 4 v v
capacity
Set-up cost X X x v X v X v X X X X X v v X X x X
Backlogging v X X X X X X X X X x X X x X v X X X
Shortage 4 x x x x v x 4 x x x x x x x v x x x
Carbon
emission
Asa X X X X X X X X X X v v v v v v v X X
parameter
Asavariable X X x X X x X X x X X X X X x X X v v
Transport X X X X X 3 3 X x X X x v X 4 v X 4 v
mode
Allocation x x Tour x Single X Single X X Single | Single | Single | Single | Single x | Single | Single | MDTS | MDTS
P P
Emission- X X X X X X X X X X X X X X v v X v v
constraint
problem
Emission-cost X X X X X x X X x X v v v v x v v v X
problem
Time Window X X x X X X X X X X X X X X X X X 4 v
Environment
Certain X v v v X v X v v v v v v v v v v v X
Uncertain v X X X v X v X X X X v X X X X X X v
X x X X X X X X X X 4 X X X X X X v

Risk analysis
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2.1.General Fuzzy Programming Model (GFPM)

st.Dx )

x>0
By defining a fuzzy set&={(x,y;(x))|y/;(x)e[0,1],vXe R} where xz(¥) is the membership

function. A crisp set of elements which belong téuzazy setAat least to a degree ofis
called ay -level set of& defined byA, ={Xe R‘y;(x)Zy,Ogygl}. If A is a fuzzy number, then

for each y-level, A, is a closed interval that can be defined by itseloand upper bounds

as [a_ (r),a, (7)][21]. Since the mean of occurrence is always aalitelex for the DMs to

make a decision in the uncertain environment, wesicier this concept for defuzzification
process. When a fuzzy number is defuzzified biens! set, the information is disaggregated
into an interval set. Integrating all levels is ayo collect the whole information [22]. With

respect to this reference, the possibilistic mdanfazzy number is shown below.
1

) [l t)+ay ()] 2dy
M(A)= IV[aL () +ay ()]dy =2 - (2)
0 Iy dy

0

1 1
[racmar [ras;mdr
0 0

:%(M*(Z\HM*(,&))

N

1 1
I}/dy _[yd}/
0 0

These results in a crisp interval is denoted\,i{yi)s[M*(Z),M*(R)Jand is closed by the lower

and upper posibilistic mean valuesaaf
Then, the variance of the fuzzy number is givebelew [22]:

1 2 2
Var(A)={ [| 280 g (] | LT 4 }dy @)
0

1
=%I7[au () -a(Pdy
0

If A=(a,;S_,Sy) is a triangular fuzzy number with cen¢ereft spread fromais s, , and right
spread fromais s, , then,

1 ) .
M(A): .[7[&— L-7)S +a+ -y Jdy =a+ Su - S, 4)
0
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R)-L ; ©)
1 S
Var(@)=2 [/la+ a- N8, - @- - psyF gy = S22
0
The confidence interval for an asymmetric triangualstribution isfa-@-w)s_,a+ @-ws,]

with a 1-w confidence level, wherey is the level of significance.
Thus, the expected crisp interval can be derived by

1 1
[rla-a-nsldr [rla+a-nsldr (6)
M(;\)E 0 1 10 1 =[a—i,a+i}
3 3
I7d7 I7d7
L 0 0 ]

o - 2
If it is a symmetric triangular fuzzy number,-s, =S, then, M(A)za,Var(A)z%and

M(;\)z{a—g,aJrE}
3 3]
Now, in the following, the general fuzzy programgimodel (GFPM) is transformed into an
interval program to represent the uncertainty leyekpected crisp intervals.
2.2.General Interval Programming Model (GIPM)

Min [CL ,Cy ]Tx (7)

st.[DL,Dylx=[RRy]

[EL.Eulk<[GL.Gu]

x>0
To transform the interval programming model intbnear crisp form to facilitate efficient
computation and analysis, a decision maker's peéer is integrated into the model. The
parametew is defined to reflect the DM's preference[23].

So, the interval programming model (GIPM) is sfammed into a linear form with the two
preference parameterg,andsd,, as shown below.

3. The proposed closed-loop modeling for uncertain logistic

This section focuses on the uncertain issues oéngspply chain (GSC) management.
Demand, landfilling, and recovery rates are theds@gtors that contribute to the uncertainty
in management [24] and [25]. Basis on the besteddsop model concluded in [20]
(Constraint-based model), fuzzy programming is &elbpn the following to cope with the
three major uncertain factors.

3.1.The proposed fuzzy programming model
Here, all of the uncertain parameters are firstdiesd as fuzzy numbers. Then, an uncertain
mathematical programming model (fuzzy programmirapet) is proposed. In the proposed
model, some of the objectives and constraints @fictimstraint-based closed-loop model [20]
are replaced with the following equations to coesithe fuzziness issue. In order to
formulate this fuzzy model mathematically, the daling changes are necessary:
Parameters:

pr, Uncertain recovery percentage of customer k
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5|m Uncertain landfilling rate of dismantler m
aCk Uncertain demand of customer k

Using these definitions, the fuzzy objective ofagrelosed-loop logistics model is defined as
follows:

Objective function:

minf = o;-FM; + > f-FDC; + Zym FDy+ Y. > > y_MDy, -dis_MD; -CMD,

iel jed iel jedveV,

+> > Zy_chkVj -dis_DCj, -CDG,, + > Zy_cck.vj -dis_CCy -CDG,,

jeJkeKv; eV, keKleKv;eV,
+ Zy_Cijvj -dis_DC;, -CDC, + > Zy_DDjm,j -dis_DDj,-CDC,
keKjedvjeV, jeImeM vjeV,
+ > > > y_DMy;, -dis_DM;-CDM, +» PM;-P_cos; +
meM iel v,eVy il
k%“(;v;y CDyy, -Rog +CL- Z Pl ;‘V%‘zy_Dij
where,
P_cog; Unit cost of production in manufactory i
CMD,, Unit cost of transportation from manufactory to BZvehiclev; per km
CDC,, Unit cost of transportation from DC to customenigpicle v; per km
CDM,, Unit cost of transportation from dismantler to meatory by vehiclev,, per
km
FM; Fixed cost for operating manufactory i
FDC; Fixed cost for operating DCj
FDp, Fixed cost for operating dismantler m
cl Fixed cost for landfilling per unit
dis_MD;; Distance between manufactory i and DC |

dis_DC Distance between DC j and customer k

dis_CCy Distance between customer k and customer |
dis_DD;,  Distance between DC j and dismantler m

dis_ DM,y Distance between dismantler m and manufactory i

Rey The recovery cost in DC j from customer k
Qi 1, if productiontakegplaceon manufactoyi

0, o.w.
Bj 1 if DC jisopened

0, o.w.

’m 1, if dismantlemisopened
0, o.w.
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y _MDjy, amountshippedoy vehicley; from manufactoy i toDC j

y_ DCjkvj amounshippedy vehicle/; fromDC j tocustomek

y_ DDjm\,j amountecoveregroducshippedy vehicles; fromDC j todismantlem
y_CijVj recoveredmounshippedy vehicles; fromcustomek toDC j

y_DMpjy, reusecaimountshippedoy vehiclev,, from dismantlem to manufactoy i
y_CCkh,j recovere@mounshippedy vehicles; fromcustomek tocustomer

PM; quantityproducedat manufactoy i

And the fuzzy constraints of green closed-loopdtigs model are defined as follows:

congRy > Z ZZ_CCHVJ -congR |+ dc, vk e K, (20)
vjeVy lek
conghy > Z Z:z_CC”(\,j -conghy +’_'ﬁrk.dck-|, vk e K, (12)
vjeV; lek
y_CCuy, 2| D, Y_DCjq, + >, ¥_CCpq, —’-(1— pry )- doy -|— M (1— z_CCyy, ) (12)
jed heK
D DY _DDjmy, <|Ply- D Dy DDjmy [+ D, DY DMy, VmeM, 13
vjeV; jed VjeV; jed V€V i€l ( )
> >y DMy #[Plp- > >y DDy |<7m - Cl, vmeM,
V€V i€l vjeV; jed : (14)
where,
Cd, Capacity of dismantler m
z_CCkh,j 1, if aproductcanbeshippedy vehiclev; fromcustomek to customet
0, o.w.
congRy amountof congestegroductatcustomek
conghy amountof congestedecoveregroductatcustomerk

The Constraint (10) indicates the possible amofimoagested product for supplying other
customers by each customer from an uncertain cestdemand. The amount of congested
product that is uncertain under uncertain recovaty and customer demand for recovering
from other customers by each customer is indichte@onstraint (11). Customer demand is
uncertain, and the recovery amount depends on ticeriain recovery percentage of an
uncertain demand. Thus, the derived degree of taingr in the reverse chain is more than
that in the forward chain. The possible amount lotvfamong customers from both an
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uncertain recovery rate and an uncertain custormeradd is represented by Constraint (12).
The Constraints (13 and 14) pertain to the uncer@ndfilling rate that reverts the reuse
amount back to the forward chain. The three unirefiEctors have a very close relation,
which causes the whole closed-loop chain to beaimghly uncertain environment.

3.2.The proposed interval programming model

In order to represent the uncertainty by the exgmkdairisp intervals of the corresponding
fuzzy numbers, the proposed fuzzy programming masleransformed into an interval
program as shown below.

Notations:
| set of candidate manufactories
J set of candidate DCs
K set of customers
M set of candidate dismantlers
\% set of transport mode types
Vv, set of transport mode types at manufactdfy;:-V
V; set of transport mode types at DG;cV
Vm set of transport mode types at dismantgf;cV

Corresponding to the defined parameters and decision variablesin Sec. 3.1., the rest of
these variables are asfollows:

Parameters:

Cm Capacity of manufactory i

Tc; Total capacity of DC j (forward & reverse)

Pc; The percentage of total capacity for reverse laggish DC |

pr- The lower bound of possibilistic mean value ofZypercentage of recovery
of customer k

prY The Upper bound of possibilistic mean value ofzfuzpercentage of
recovery of customer k

pIL The Lower bound of possibilistic mean value of fuzgercentage of

m . - .

landfilling of dismantler m

PIY The Upper bound of possibilistic mean value of fuzzercentage of
landfilling of dismantler m

dok Lower bound of possibilistic mean value of fuzzyrmdand of customer k

do Upper bound of possibilistic mean value of fuzzynded of customer k

t_DCjyy, The time of transportation from DC j to customarskng vehiclev;

t_CCyy, The time of transportation from customerk to custotusing vehiclev;

a_cy The lower bound of expected time for deliveringdgarct at customer k
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CVDiy,_
Lomax — M Vi

LOmaX — DVJ

LOmax _Diy,_

LF _M,,
LF_D,,
LF _Di,_

vol

FCW

The upper bound of expected time for deliveringdpici at customer k

Number of vehicle; at manufacture i
Number of vehicle; at DC |

Number of vehicle,,at dismantler m
Capacity of vehicley,

Capacity of vehicley;

Capacity of vehicley,

Maximum load for vehicle,
Maximum load for vehiclg;

Maximum load for vehicle,,

Average load factor for vehicle
Average load factor for vehiclg

Average load factor for vehiclg,

Volume of product
Density of product for vehicle

Weight of product

Total capacity of cargo vessel

The maximum number of nodes a salesman may visit
The minimum number of nodes a salesman must visit
A large number

Constant emission factor

Variable emission factor

The fuel consumption for vehiche

The fuel emissions for diesel fuel for vehicle
The fuel consumption for semi-trailer stated in orfactory

The fuel emissions for diesel fuel for semi-tradéated in manufactory

The fuel consumption for semi-trailer stated imuasitler

The fuel emissions for diesel fuel for semi-tragéated in dismantler

The fuel consumption factor for diesel train
The fuel emissions for diesel train

The gross weight of the train

The fuel emissions for cargo vessel

The fuel consumption for cargo vessel

EM _ Average The average carbon emissions of the entire system

Decision variables;
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X _MDyjy, {L if aproductcanbeshippedby vehicley; from manufactoyi to DC |
0, o.w.

X_DCjky 1, if aproductcanbeshippedy vehiclev; fromDC j tocustomek
0, o.w.
X DDjm,j 1, if arecoveregroductcanbeshippedy vehicle/j fromDC j todismantlem
0, o.w.
X_CDyjy 1 if avehiclevj returnedrom customek toDC j
0, o.w.
X_DM iy, 1 if areusedroductcanbeshippedy vehiclev,, fromdismantlem to manufactoy i
0, o.w.
Uy thenumberof nodesvisitedby travelesfrom DC tonodek
Sk thearrivaltimeof productatcustomek

EM _total _ MD;; totalemissionsf thevehiclformmanufactori toDC j

EM _total _DCjy totalemissionsf thevehiclormDC j tocustomek

EM _total _CDy totalemissionsf thevehicldormcustomek toDC j

EM _total _CC,, totalemissionsf thevehicleformcustomek tocustomer

EM _total _ DD, totalemissionsf thevehicldormDC j todismantlem

EM _total _DM,, totalemissionsf thevehicldormdismantlemto manufactari

e_u_MD; unitemissionsf thevehicldéormmanufactori toDC j
e_u_DCjy unitemissionsf thevehicldéormDC j tocustomek
e_u_CDy unitemissionsf thevehicleformcustomek toDC |
e_u_CCy unitemissionsf thevehiclormcustomek tocustomer
e_u_DDjny unitemissionsf thevehicldformDC j todismantlem
e_u_DM unitemissionsf thevehicldéormdismantlemto manufactori

Using these definitions, the interval programmingdel for the constraint-based closed-loop
chain can be described as follows:
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Objective function:

f=>a-FM+> B-FDC; + Z;/m FDm+ > > D> y_MDyy, -dis_MD; -CMD,

iel jed iel jedv,eV,

+>. > D ¥_DCjq, -dis_DCj -CDG, + D" > >"y_CCy, -dis_CCq-CDG,
jeJkeKvjeV; keKleKv;eV,

+2.D. DY _CDyy, -dis_DC-CDC, + D > >y _DDjpy, -dis_DDjp-CDG,,
keKjedvjeV, jedJmeMvjeV,

+ 3> >'y_DMpy, -dis_DMp; -CDM,_+» PM;-P_cos; +
meM iel v,eVy iel

D> > y_Chyy, -Rog+CL- Z [Plr',‘q,PIU] > Dy _DDjmy,

keKjedvjeV, jedvjev,

Constraints:

Zai >1,

iel

Y821

jed

PM; >1-M(1-¢;), Viel,

DD X_MDyy, >1-M(l-¢), Viel,
vieV, jed

> S x_MDy, 21-M-5)  Vied,
vieV, iel

y_MDj, >1-M(1-x_MDy, ) Viel,Vjed, W eV,,
> > y_MDy, <Cm, Viel,

vieV, jed

D" X_MDjy, < NVM;, Viel, W eV,
jed

Zx_MDijvi <1, Viel,Vjed,

vieV,

wp-y_MDj, <CWM, -LF_M, , Viel,Vjel W eV,

> Y x_DCjy, 21-MfL-5;) Vjed,

vjeV; keK

> Y x_coy, >1-M{-5,) Vied,

vjeV; keK

D D X_DCiy + Y D x_CDg, <1, vkeK,

vieV; jed vieV; jed

(15)

(16)

(17)
(18)
(19)
(20)
(21)
(22)
(23)
(24)
(25)
(26)

(27)

(28)
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D, D X_DCjy + > D 2_CCpy, =1, vkekK,

vieV; jed vjeV; lek
D D x_CDgy, + D, >,z _CCy, =1, vkeK,
vjeVy jed vjeVy lek

D.2_CCyy, + ) X_CDyy = > 2_CCqq, + » X_DCjq,, VkeK,wvjeVy,
leK jed ecK jed

u(k) -u() +(Q- z_CCpy, J+(@-2)- z_CCy, J<Q-1 VkleK,vveV;,

uk)+|(Q-2)- Y, Y x_DCj, |- Y. D x_CDyy <Q -1, vkeK,

vjeV; jed vjeV; jed

> Y X_DCjq, +[(2-1)- 3 D x_CDy, |2, vkeK,

vjeV; jed vjeV; jed
L 4
congR, — Z Z:Z_Cckh,j -congR | = [dci< , decy l vk e K,
vjeV; lek
y_DCjyy, 21-M{l-x_DCjy ) vkeK, W eVy,Vjel,
y_DCjij > congR , Yk e K,ij eV;,Vj e,
wp-y_DCjq, SCVDy -LF_Dy, vkeK, W eVy,vjel,
D X_DCjq, <NVDj, Yvj eVy,vjed,
keK
DD y_MDy, = zy_chkvja vjield,
VeV, iel vjeV; keK
L qU L U
congF, — Z ZZ_CC”(\,J, -congF | = [dck , deg ]-[prk , Pre 1 vk e K,
vjeV; lek
y_CDyj, 1-M{L-x_CDyy | vkeK, Y eVy,vj e,
y_Cijvj > conghy , vke K,V eVy,vjel,

Y_CCuy, =| D,Y_DCja, + D ,¥_CCpy, [+M (1— z_CCyy, )z - (1- [prk" , pre ]) [dckL :

jed heK
vk, e K,VVvj eV;

D, > X_DDjp, 21-M(1-yp), vVmeM,

vjeV; jed

(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)
(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)
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D X_DDjmy, <1, Vjed, YmeM,
— jmv
= : (46)
> S x_DDjm, 21-M{-5j)  Vied,
- Jjmv J
vjeV; meM J (47)
y_DDjmy, 21-M{l-X_DDjm, } vjed, VmeM,W; eV;, (48)
2, 2Y-Cgy =2, 2Y-DDjm;, Vi€, (49)
vjeV; keK vjeV; meM
> Zy—DCjij > Zy_DDjm\,j <Tc; B, Vjed, (50)
vjeV; keK vjeV; meM
D X_DDjp, <NVDj,, ,  Viel, WvjeV,, (51)
meM
Wp-y_DDjm, <CVD, -LF_D, , VjeJ, VmeM,W; eV, (52)
> >y _DDjm olPe; Te; ). vied,
VvjeV; meM J (53)
DM 1y, 21-M(1=yp): vme M,
2 2%-PMmy ML rm) e (54)
DMy, <1 VmeM,Viel,
V;‘x_ mivy, me ie (55)
m=vYM
DMy, >1-M(-a;),  Viel,
vmze\:/mm%\:/lx_ ri 21 M) e (56)
y_DMpj, 21-M{l-x_DMpyy, ), VmeM,Viel, Yy eVy, (57)

D D Yy_DMpy, +PM; =) >y _MDy,, viel, (58)

V€V meM vieV,jed
L U
(1-[le,P|m]). > Zy_DDjm\,j -y Zy_DMmivm <[-5,5 VvmeM, (59)
vjeV; jed V€V i€l
> >y DMy, +[P|L, PIH]- Y. D.Y_DDjmy, ~¥m-Cdm <[-5,5] vme M,

VeV i€l vjeV; jed (60)
D" X_DM iy, < NVDipy, | VYme M, Vv, eVy (61)
iel

wp-y_ DM, <CVDj, -LF _Di, , vmeM,Viel, WyeVy, (62)

S >a_cy, vkeK, (63)
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Sk <b_cy, vkeK,

Sc +t_CCuy, -Mf1- z_CCyy, J<s.  vkleK,wvjeV;,

S +t_CCyy, +M(L- z_CCyy, )>s., vk, €K, W eVy,
t_DCj, ~MlL-X_DCj, <S¢, VkeK,wjeVy,vjel,
t_DCjiy, +M{l-x_DCjy, |2 S, vkeK, Y eVy,vjed,

EM _total_MDjj > y_MDjja -(CEF + (VEF .0.801dis_MDjj )}~ M {1 x_MDjja )~ Mx_MDjj +x_MDjjt + x_MDiju),

Viel,Vjel,
(lv-pa-EM _total _MD;) :
e_u_MD; z[ (O Ma-LF_Mg)|~M i- x_MD;)-
M (x_MDjj; +x_MDjjq +x_MDij) Viel,Vjed,

EM _total_MDjj > y_MDjj; -(FE_M-FC_M - (dis_MDjj )}~ M {1 x_MDjj )~ M(x_MDjja + x_MDjj¢ + x_MDijy),

Viel,Vjeld,
(- pr -EM _total _MD;;) __
e_u_MD;; z( (LOmax_ My -LF_M/) - M- x_Moy; )-
M (x_MDjjq + X_MDjjt +X_MDijy ), Viel,vjed,

EM _total_MDjj > y_MDijt -[10‘3»(‘ff ik FER)NGW' . _Mt)]_ M - x_Mpjjt -

M(X_MDija+x_MDijr+X_MDijW) Viel,Vjeld,

e_u_MDjj > (EM _total _MDj; - dis_MDjj -wp)- M (L— x_MDjj¢ ]- M (x_MDjjq + X_MDjjr +x_MDjjy)
Viel,Vjel,

EM _total_MDjj > y_MDijy, (FCW- FEW- 12dis_MDjj J- M {1 x_MDjy - M (x_MDjja + x_MDjjy +x_MDjjt )
Viel,Vjeld,

-EM _total _MD;;
e_u_MDij ZE(Wp — _ I%aleOOQJ_M(l_X—MDijW)_M(X_MDija+X_MDijr +X_MDijt),

Viel,Vjeld,

EM _totaI_DCjK > y_DCjkVj -(FE_D\,j »FC_DVJ. -(diS_DCjk)j—M(l— X_DCjkvj), vkeK,Vje J,Wvj eVy,
(v -EM _total_DCjy) (1 _ )
e_u_DCj z[ L Omax_Dy, -LF_DVJ.) ~M{L-x_DCj,
VkeK,VjeJ,VjeVy,

EM _total _CCk] > y_CCyy, »(FE_DVJ. -FC_Dy, -(dis_CCy ))—M(l— z_CCyy, j vk, e K, Wj eVy,

(v-pr -EM _total _CCyq) B ﬁ_ ) ,
e_u_CCy z( LOrax_Dy, -LF_D\,j) M{L-z_CCyy, ) Vk.leK, eV,

EM _total_CDj > y_Chyy, .(FE_D\,j FC_Dy, ~(dis_DCjk))— M(l— X_CDijy, j vke K, ¥j e J,wj eVy,

(64)
(65)
(66)
(67)

(68)

(69)

(70)

(71)

(72)

(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80)

(81)
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- Dy - al i
e u_CDy > ((V por - EM _tot _CD%omax_ va LF _va )j -M tl— X_Cijvj ) (82)

VkeK,VjeJ,VjeV;

EM _total _DDjm> y_DDjm, -(FE_DVJ. FC_Dy, -(dis_DDjm)j—M(l—x_DDjm/j), vme M, vjed wieVy,  (83)
V- p; -EM _total_DDjpp) ﬁ )

euDD-z( ! ~ML—x_DDipyy.

—4=Fim [ LOmaX_DVj-LF_DVj) = (84)

Vme M, Vj e J,Vvj eV,

EM _total_DMyj = y_DMpjr'-(FE_Di-FC_Di-(dis_DMpy )- 105)— M (1— x_ DM pjir')— M (x_DMpyjt’),

Yme M,Viel, (85)
-pr -EM _total DMy
e_u_DMp Z[(V Pr _total _ ml)(LOmax_Dir’ . LF_Dirv))_M(l_ X_DMmirr)—M(X_DMmit'), (86)
Yme M,Viel,
EM _total DM >y DMigr-| 10-3. éh T+ FER) ~M(L-X_DMpj')~ M (x_DMpir),
_total _ m==Y_ mit [ lOG(W-LF_Dit') ( X_ mt) (X_ mr) (87)
Yme M, Viel,
e_u_DM; > (EM _total _ DM - dis_DM i -Wp)— M (1— X_DM iy )= M (x_DM i),
VYme M, Viel, (88)
ZZG_U_MDU +z Ze_u_DCjk +ZZe_u_CCk| + ZZe_u_Cij +
iel jed jeJkeK keKleK keK jed
(&8%)
Z Z e_u_DDjy+ Z Ze_u_DM i <EM _ Average
jeJmeM meM iel
X_MDijVi !X_chkvj 'X_DDjm\/j ,X_Cijvj ,X_DM n"ivm'Z_CCklvj y O ’ﬂj ,]/mE{O,l},
: ) (90)
Viel,Vjed, vkl eK,VmeM,Vy; €V, ,ij eV3, YWy eV,
Y_MDjjy,,y_DCjwy; .y _DDjmy;,y_CDyjy; .Y _DMpiy, .y _CCuy, . PM;, Uy, congR,
Conng, S(, EM _total _MDij , EM _total _chk! EM _total _Cij s EM _total _CCk| s (91)

EM _total _DDjm' EM _total _DMm ,e_u_MDij ,e_u_DCjk,e_u_Cij ,e_u_CCk| ,

e_u_DDjm, e_u_DMy 20,Viel,Vj e J,Vk| € K,Yme M, W\ €V;, Y| €V;, Yy € Vy .

Equation (15) is the interval-valued objective filoie which minimizes cost of opening

manufactory, distribution center and dismantlemimizes the total cost of both forward and
backward distance and minimizes the total costparations. The Constraints (16) and (17)
show that there exists at least one activated naatarfy and DC in the chain, respectively.
The Constraint (18) ensures that each manufacerpooduce an amount of product just after
it is selected. Each activated manufactory covéreast one DC, and the Constraints (19)
represent this goal. On the contrary, each DC vesat least one link from manufactories just
after it is selected (Constraints (20)). The Caustr(21) represents the amount of flow
between manufactory and DC. The Constraint (22)essmts the limit of the capacity for

manufactories in forward logistics. The ConstrdR®) imposes that the number of traveled
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vehicles from manufactory would not exceed the texgsvehicles. The Constraint (24)
prevents the route between manufactory and DC frooepting its vehicle more than once.
The capacity constraint of each vehicle travelemmfrmanufactory to DC is shown by
Constraint (25).The Constraint (26) guarantees #aah activated DC covers at least one
customer. Each activated DC receives at leastiokdérbm customers, and the Constraint (27)
represents this goal. The Constraint (28) represesaiesman from DC must visit at least two
customers. The Constraint (29) requires that asyocoer be supplied by either DC or other
customer. As well as, it either comeback to DC wppsy other customer. This concept is
represented by constraint (30).Each customer ipl@gpand supplies by the same vehicle.
This is represented by Constraint (31). The Comgg32), (33) and (34) prevent any sub
tour in network. The Constraint (35) is the intésvalued constraint which indicates the
amount of congested product for supplying othetarasrs by each customer. The Constraint
(36) represents the amount of flow between DC arstioener. The Constraint (37) is to satisfy
the customer demand. The capacity constraint df eabicle traveled from DC to customer is
shown by Constraint (38). The Constraint (39) ingsothat the number of traveled vehicles
from DC would not exceed the existing vehicles. Tuanstraint (40) satisfies the law of the
flow conservation by in-flow equal to out-flow. Thamount of congested product for
recovering from other customers by each customemadscated by the interval-valued
Constraint (41). The Constraints (42- 43) repretiemtamount of flow between customer and
DC. The amount of flow among customers is represkbly the interval-valued Constraint
(44). The Constraint (45) guarantees that eaclvatetl dismantler receives at least one link
from DCs. The Constraint (46) prevents the routevben DC and dismantler from accepting
its vehicle more than once. The Constraint (47 )yanuiges that each activated DC covers at
least one dismantler. The amount of flow betweendd@ dismantler is shown by Constraint
(48). The Constraint (49) satisfies the law of tloev conservation by in-flow equal to out-
flow. The Constraint (50) indicates that the tdkalvs of forward and backward cannot exceed
the total capacity of DC. The Constraint (51) imgmshat the number of traveled vehicles
from DC to dismantler would not exceed the existredicles. The capacity constraint of each
vehicle traveled from DC to dismantler is shown ®@gnstraint (52). The Constraint (53)
means the reverse limit of the capacity for DCse T@onstraint (54) ensures that each
activated dismantler covers at least one manufiaclidre Constraint (55) prevents the route
between dismantler and manufactory from acceptitsg vehicle more than once. The
Constraint (56) guarantees that each activated faetouy receives at least one link from
dismantlers. The amount of flow between dismardted manufactory is shown by Constraint
(57). The Constraint (58) and the interval-valuezh§&iraint (59) satisfy the law of the flow
conservation by in-flow equal to out-flow. The intal-valued Constraint (60) means the
reverse limit of the capacity for dismantlers. T®enstraint (61) imposes that the number of
traveled vehicles from dismantler to manufactoryuldanot exceed the existing vehicles. The
capacity constraint of each vehicle traveled froilmm@ntler to manufactory is shown by
Constraint (62). The Constraints (63- 68) satigfyetwindows. The Constraints (69-76) show

the emissions allocated to one unit of the prodluctransportation from the i-th manufactory

to the j-th DC. where X~MPiia-X-MPiw 5re the binary variables to link carbon emissions
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constraints to the related types of transport. Toeastraints (69-70), (71-72), (73-74), and
(75-76) measure carbon emissions of the aircrafticle, diesel train, and vessel based on
NTM method for air transport, road transport, teahsport, and water transport.

The Constraints (77) and (78) show the emissioluxated to one unit of the product for
transportation from the j-th DC to the k-th customEhe Constraints (79) and (80) show the
emissions allocated to one unit of the productifansportation from the k-th customer to the
I-th customer. The Constraints (81) and (82) shio&émissions allocated to one unit of the
product for transportation from the k-th custonwethte j-th DC. The Constraints (83) and (84)
show the emissions allocated to one unit of thelypecofor transportation from the j-th DC to
the m-th dismantler. The Constraints (77-84) measarbon emissions of the vehicle based
on NTM method for road transport. The Constrai8&-88) show the emissions allocated to
one unit of the product for transportation from theth dismantler to the i-th manufactory.
where, x_DM ;- and x_DM ;; are the binary variables to link carbon emissiomsstraints

to the related types of transport. The Constra{®s-86) and (87-88) measure carbon
emissions of the vehicle and diesel train basedN®oWM method for road transport and ralil
transport. The carbon emissions constraint is shbyionstraint (89). The Constraint (90)
denotes the binary variables, and the Constraihi (@stricts all other variables from taking
non-negative values.

To transform the interval programming model intacrésp form with the two preference
parametersg, andé,, we act out the following transformation for timeerval equations. As

equation (15) is an interval equation, we turmibithe following equation,

Equation(15)—> ¢ =g, . FM; + Y ;- FDC; + Z}/m FDm+ Y. Y. > y_MDyy, - dis_MD;

iel jed iel jedvieV,
+3. D D Y_DCj, -dis_DCy-CDG, + D > > y_CCy,, -dis_CCy -C
jeJkeKv;eV; keKleKv;eV;
> Zy_Cijvj -dis_DCj, -CDG,, > Zy_DDjm,j -dis_DDj,
keKjedvjeV, jedmeMv;eV; (92)
+ 3> D y_DMpyy -dis_DMy-CDM, +> PM;-P_cos; +
meM iel v,eVy il
> > > y_CDyy, -Ryg +CL: Z[(leplu)/z > > y_DDjm,
keKjedv;eV, jedvjev,

As Constraint (35) is an interval equation, we tiinto the following equations,

Equation(35)—
congR —

Z Z z_CCkh,j -congR J > dc'k‘, vk e K, (93)

vjeV; lek
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6y(dc! - doi) = ~2congR +| D~ > 2(z_CCyy,)-congR J +(dct +dc?),

VeV, lek (94)
vk e K,
As Constraint (41) is an interval equation, we tiinto the following equations,
Equation(41) —»
congF, — Z Zz_CC,kvj -conghR |> dq';- prk'-, vk e K, (95)
vjeV; lek

al(a) - i)~ (dok - pr))> ~2congFi +| Y Zz(chkvj)-congﬁ] (96)

vjeVy lek

+((dc'k' - prd) + (dgy - pre )) vk e K,
As Constraint (44) is an interval equation, we tiinto the following equations,

Equation(44) —

y_CCk|VJ_ - [Z y_DCjij + Z y_CChkvj J+ M (1— Z_C(:kh,j )2

jed heK (97)

(prk" -dcfg)— chkJ,
vk,l e K,ij eV,

al((prt - oy - dek) ~ ((pr - ack )~ adl)))= -2y _cci,

+ [ZZ(y_DC iky, )+ > 2(y_cchkVj )] -M (1- 2(z_cck.vj ))+ (98)

jed heK
(((prk" -dc,'g)— ch)+((pr|£J - dc/ )— dc,';)) vk, € K, Vv eV

As Constraint (59) is an interval equation, we tiinto the following equations,

Equation(59)—>  (1-piL). > >y _DDjm, -~ >, Y y_DMpy, <5 YmeM,
vieV; jed VeV i€l (99)

[-Po)cbPiE) > Sy 0Djm, ~ Y D2y DMy, <

vjeV; jed V€V i€l

1002+02-((1— Plr';,)—(l— PIH))Z > Y_DDjny,, VmeM, (100)

VjeV; jed

As Constraint (60) is an interval equation, we tiinto the following equations,

Equation(60)—> %" %'y DMy, +PIR- > D Y_DDjmy, ~m-Cdm <5, Yme M,
V€V i€l vjeV; jed (101)
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> > 2y _DMpyy, +(P|,‘f1 + PI#])- D >.Y_DDjmy, — 2 Clly <1065+

V€V i€l vjeV; jed

92(P|,$] - PI,'ﬁ) > Zy_DDJ—mVJ_ , vmeM,

vjeV; jed

(102)

4. Numerical illustration
To demonstrate the applicability of the proposedhmgology, a numerical example fuzzified
from the deterministic case given in [20] will beepented in the following with the parameter
analysis.

Step-by-Step procedure
The procedure of analysis follows the followingpste
Step 1: Specify the input and define the member ship functions of the fuzzy data.

In this example, there are three manufactoriedqu; DCs (j), seven customers (k), and two
dismantlers (m) with €2 unit landfilling cosCl(). There are four types of transportation mode
(air, rail, road, and water) used to transfer poddtom manufactories to DCs, one type of
transportation mode (road) used to transfer proftoct DCs to customers and dismantlers,
and two types of transportation mode (rail and yaesed to transfer product from dismantlers
to manufactories. The average carbon emissiortseodiitire system is set to be 1431(kg).

The input data with the fuzzified parametdirg , demanddc, for each customer k, arl ,for
dismantler m are listed in Tables 2 and 3. Thegeyfunputs are assumed to be symmetric
triangular and denoted by their respective modespnelad as (mode, spread).

Table 2. The input fuzzy recovery percentage,() and demandcick) (mode, spread)

1 2 3 4 5 6 7
Pry (0.1,0.1) (0.3,0.1) (0.5,0.1) (0.2,0.1) (0.8)0| (0.1,0.1) (0.4,0.1)
ack (20, 5) (18, 5) (10, 5) (12,5) (20, 5) (14, 5) (5D
Table 3. The input fuzzy landfilling rates(m) (mode, spread)
1 2
Pl (0.3,0.1) (0.38,0.1)
m

Step 2: Defuzzify the fuzzy number into a crisp interval form by the possibilistic mean.

Using formula (2), the intervals of possibilisticeem value of fuzziness can be obtained as
follows:

M (pr,) = [0.066,0.133] M (pr,)=[0.266,0.333] pr3) = [0.466,0533]  M(pry)=[0.166,0.233]
M e

p
prg) = [0.066,0.133]

(pr2) = )

(prs) (Pr) = )
M(dc )= 1833,2166] Ml(dc,)=[16331966]  M(dcs)=[8331166]  M(dc,)=[10331366]

)= )

M(dcs)=[18332166] Ml(dcs)=12331566]  M(dc;)=[8331166]
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M(pl;)=[0.266,0.333] M (pl,)=[0.346604133

Assuming that the intervals of zeros for RHS wislsgect to constraints (59) and (60) are
M(0)=[-55], then by calculating the possibilistic mean ingéref uncertain parameters, the

proposed preference model can be applied.

In addition, the standard deviations of the fuzaynbers can be calculated from formula (3) as
follows:

2
JVar(pr) = /Var(ply,) = 1/% =0.04083, Vk e K, Vme M,

— — — — — — — 2
JVar(doy) = yVar(dcy) = Var(des) = y/Var(dcy) =y Var(dcs) = y/Var(dcs) = yVar(de;) = \/% — 204124,
To facilitate the computations in our mixed integegogramming (MIP) model, GAMS 22.9

software package is applied. Based on the inp& dgaen in [20], our MIP model is solved
for the neutral case (witl®, =0andg, =0). The total objective mean of the cost )( with

intervals[M*(F), M*(f~)l, 20, with 96.63% confidence level are listed in Tablas an example.

Product flow rates and amount of CO2 (kg) emittemimf journeys of selective paths are
shown in this table. The visual graph of the solutis shown in Figure 2 as a logistic pattern
of the case.

There are five types of connection links in thees#Ve path column:

Links connected between the manufactory and D@diated by a-fn]format; where, a and
b are numbers which indicate selective manufactorg DC, respectively. n is a number
which indicates a selective path on the figlijés a symbol related to this kind of connection
links.

e Links connected between the manufactory and DC is ireticay a-b[n] format; where, a and
b are numbers which indicate selective manufactorg DC, respectively. n is a number
which indicates a selective path on the fig[u]és a symbol related to this kind of connection
links.

e Links connected among the customers is indicated byngfrmat; where, e and f are
numbers which indicate selective customglss a symbol related to this kind of connection
links.

e Links connected between the DC and dismantler is indidayeg-h:{n) format; where, g and

h are numbers which indicate selective DC and disieq respectivel;(. )is a symbol

related to this kind of connection links.

e Links connected between the dismantler and manufactorpdigated by i-jfn| format;
where, i and j are numbers which indicate seledaigenantler and manufactory, respectively.
| | is @ symbol related to this kind of connection ink

The optimal closed-loop chain is shown in Figurdr2this figure, we consider a particular
color for each tour in which a salesman depart feshective DCs and arrive to the customers.
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So, the selective path given in Table 4 is indiddig different colors. The suitable paths to
deliver product to customers from manufactories Bk in the forward flows, to deliver
recovered product to dismantlers from DCs and costs, and to deliver reused product to
manufactories from dismantlers in the reverse fleavour model is shown by this figure. As
well as, the selected vehicles for carrying produnt the corresponding amount of product are
illustrated in it which also includes the amount@®2 (kg) emitted from journeys and the

amount of landfills.

Table 4. Optimal solution for a neutral DM of theaenple

Emission-constraint model
Selective path Amount of product flow Amount of C(x®)
3.3:1] 92.31 23.49
3.5.(0) 34.66 193.55
3.6:2) 22.66 153.31
3.7.3) 34.99 69.14
5 0.1 29.37 55.52
6412} 7.41 39.8
3.3} 26.71 120.47
Rz 19.6 53.87
9.3.(4) 24.6 236.08
4-3:6) 5.27 42.75
1.3:6) 14.14 60.15
2 1_<1> 44 146.48
1 3"]” 30.8 21.42
Landfill 13.2 -
Expected objective value: 220288.12
Interval of the expected objective value: [21976883220807.47]
Root mean square imprecision index (RMSII): 636.071
96.63% confidence interval: [219015.978 , 22156.26
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£ ©

Figure 2. The logistic pattern for a neutral DMtleé numerical example

Corresponding to the Table 4, apart from the exgatobjective value and the interval value,
the standard deviation and confidence intervaltegp the DM to understand the scale of the
uncertainty. In this example, wheee is adopted with 3.37% significance level, the DM ha
96.63% confidence level to control the solutionA®en [22028812- 20, 22028812+ 25 |from the

current solution.

5. Conclusion

The issue of green supply chain management haseedomore attention in the last decade. In
this work, we introduced an uncertain situationhwtlie corresponding analytical models and
solutions.

Based on the deterministic closed-loop model intoed by Mohajeri and Fallah [20], a more
realistic model to cope with uncertain situationswatroduced by adopting the fuzzy
approach. To avoid the shortcoming of using lewgk dn the conventional solutions, the
interval programming approach from the conceptagsilistic mean was introduced so that
all information of level cuts can be integrated &ods providing an effective solution.

Here, when transforming from the fuzzy programndrderval program, the DM's preference
was taken into account in the model formulationeréfore, the applicability and effectiveness
of our proposed model was tested through numesianple.
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