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ẁv l} w �pwv=D=w}@� pwYLt ẁv l} O}rwD |=Q@ �wH x=m w sOvo x=m � xOwDCU} R
Rm =Qt 'xOwDCU} R u}t-=D Rm =Qt O=OaD "CU= xOQm xO=iDU= �u}vo}r� |@v=H pwYLt
xOW x�=Q= pOt \UwD =yv; |@=}u=mt u}vJty w R=}v OQwt |=yx=oW}q=B w ?=y
pOt x@ \w@ Qt |OwQw |=yQDt=Q=B Q} R pw=OH "OwW|t XNWt |v=tR xQwO 4 QO
=Q xOwDCU} R u}t-=D RmQt Qy R= xOwDCU} R O} QN u=R}t 2 pwOH "OvDUy |[=} Q
"Ov=xOW |Qw;`tH u=Q}= |rt Q=t; RmQt T=U= Q@ C=aq]= u}= xm OyO|t u=Wv
u}t-=D |xQ}HvR Kw]U u=}t pY=wi x@ \w@ Qt |=yQDt=Q=B xm OQm u=}@ O}=@ u}vJty

"Ov=xOt; CUO x@ powo |xWkv j} Q] R= OW Oy=wN xDN=OQB u; x@ xt=O= QO xm
|xv} Ry w C}iQ_ pt=W =y?=y x@ \w@ Qt |OwQw |=yQDt=Q=B 5 =D 3 pw=OH

"OyO|t u=Wv =Q =y?=y CN=U
C}iQ_ w CN=U |xv} Ry pt=W =yx=oW}q=B |OwQw |=yQDt=Q=B 7 w 6 pw=OH

"CU= xOW xOQw; u}vo}r w pwv=D=w}@ O}rwD
"OvyO|t u=Wv =Q u}t-=D |xQ}HvR Kw]U pY=wi 12 =D 8 pw=OH

QDt=Q=B 14 pwOH QO "CU= xOW xOQw; pOt |=yQDt=Q=B Q}=U 13 pwOH QO
"CU= xOW x�=Q= p=tQv |Q=t; `} RwD w |a]kQ}e

|D=@U=Lt G}=Dv "5
u}= QO "s} R=OQB|t |O=yvW}B |[=} Q pOt pL R= pY=L G}=Dv u=}@ x@VN@ u}= QO
Rto Q=Ri=sQv QO 'xOW x�=Q= �OwU |R=Uxv}W}@ hOy =@� xiOylD |[=} Q pOt Q=DWwv
xOW pL 'CU=|[=} Q |=ypOt pL |=Q@|@U=vt |R=Uxv}y@ Q=Ri=sQv xm �24"9"1�
|D}@ 64 pt=a sDU}U |=Q=O� |YNW |xv=}=Q l} |wQ Q@ C=@U=Lt |xty "CU=
|r=tDL= |=yC}OwOLt pLCyH "CU= xOW s=Hv= �C}=@=o}o 12|rN=O x_i=L w
|=yC}OwOLt 'p=tQv `} RwD =@ =[=kD u=R}t uOw@ |r=tDL= x@ xHwD =@ 'Rto Q=Ri=sQv QO

"CU= xOW OQ=w Rto Q=Ri=sQv QO w xOt;QO |]N sQi x@ =OD@= QwmPt |r=tDL=
'CU= QqO 688/000/000 u}t-=D |xQ}HvR pm OwU u=R}t pOt pL R= TB
|O=YDk= Q_v R= |v=tR xQwO Q=yJ |=Q@ |O=yvW}B |[=} Q pOt OyO|t u=Wv xm
u}t-=D Rm =Qt s=Om R= xm Ovm|t ?=NDv= |v=tR xQwO Qy QO pOt "CU= xOw@ Q}PBx}HwD
|Qw;`tH ?=y 2 Qy u}vJty "Ovm |Q=O} QN =Q R=}v OQwt xOwDCU} R 'xOwDCU} R
4 O=H}= \UwD =Q CqwYLt |=[=kD w xOQm p=ai =Q �u=QyD� |r=kDv= ?=y 1 w

"OyO|t MU=B �|w[Q u=U=QN 'u=yiY= 'u=vtU 'OR}� x=oW}q=B
xOy=Wt pwv=D=w}@ u}t-=D |xQ}HvR |=yxv} Ry u} QDW}@ syU 2 pmW Q=Owtv QO

84



2|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "�QqO� x=oW}q=B CN=U |xv} Ry "7 pwOH
|w[Q u=U=QN u=yiY= u=vtU |r=tW u=U=QN OR} x=oW}q=B

9/3 9 9/2 9/1 9 CN=U |xv} Ry
*107

"�QDtwr}m � |Qw;`tH ?=y =D Q=RDWm |xrY=i "8 pwOH
RQ@r= sk |Qw;`tH ?=y/u}t-=D RmQt
400 570 u=QOvR=t
530 650 u=DUro
380 280 u=DUQr
210 275 u=Oty
460 350 x=Wv=tQm
690 890 |kQW u=H}=@ QP;
560 760 |@ Qe u=H}=@ QP;
41 167 u=QyD
760 660 u=DURwN
260 150 |RmQt

"�QDtwr}m � x=oW}q=B =D |r=kDv= ?=y |xrY=i "9 pwOH
|w[Q u=U=QN u=yiY= u=vtU |r=tW u=U=QN OR} x=oW}q=B/|r=kDv= ?=y

900 720 0 800 820 u=vtU
950 495 230 1040 598 u=QyD

"�QDtwr}m � pwv=D=w}@ |=[=kD Rm =Qt =D x=oW}q=B |xrY=i 10 pwOH
|w[Q u=U=QN u=yiY= u=vtU |r=tW u=U=QN OR} x=oW}q=B/=[=kD RmQt

400 750 950 1600 600 u=QyD
1800 1200 1400 400 1000 OyWt
1200 400 340 900 220 u=QOvR=t
450 320 800 1400 480 sk
1400 1100 1000 0 1000 u=tQm

"pOt |=yQDt=Q=B Q}=U "13 pwOH
0/001 |Qw;`tH ?=y QO xOwDCU} R CiQQOy MQv
0/2 ?=y wO u=}t p=kDv= h}iND ?} Q[
0/8 C}OwOLt |Q=QkQ@ p=tDL= pk=OL
45 �uD/QqO� sOvo x=m xOwDCU} R O} QN |xv} Ry
35 �uD/QqO� wH x=m xOwDCU} R O} QN |xv} Ry
0/6 �QD}r/QqO� pwv=D=w}@ VwQi Ct}k
134 �uD/QqO� pwv=D=w}@ VwQi Ct}k

"x]w@ Qt `} RwD w |a]kQ}e QDt=Q=B 14 pwOH
|Q=t; `} RwD QDt=Q=B

N � (750; 100) �QD}r uw}r}t� pwv=D=w}@ |=[=kD
N � (130; 1) �uD Q=Ry� u}vo}r |=[=kD

"�QDtwr}m � ?=y wO u=}t |xrY=i "11 pwOH
RQ@r= sk ?=y
167 400 u=vtU
41 460 u=QyD

"�QDtwr}m � u}vo}r |=[=kD Rm =Qt =D x=oW}q=B |xrY=i "12 pwOH
u=yiY= u=QyD |RmQt =[=kD RmQt/x=oW}q=B
311 621 612 OR}
1000 725 909 |r=tW u=U=QN
560 220 400 u=vtU
0 430 323 u=yiY=

1400 1000 1500 |w[Q u=U=QN

85



"""u
}t- =D

|xQ
}HvR

|R=
Uxv

}y@
w|

R=Up
OtxOvyOu=Wv |Owta QwLt w OwHwt |=yw} Q=vU |ki= QwLt xm CU= xOW xO=O u=Wv

xm OwW|t xOy=Wt xOW s=Hv= C}U=UL p}rLD T=U= Q@ "CU= hOy `@=D u=R}t
u=R}t Q@ |Q}otWJ Q}F-=D �20 u=R}t x@ u}vo}r w pwv=D=w}@ VwQi Ct}k V}=Ri=
u=R}t Q@ =Q Q}F-=D u} QDW}@ QDt=Q=B u}= xm |}xvwo x@ 'xDW=O u}t-=D |xQ}HvR pm OwU
w pwYLt |=[=kD �20 V}=Ri= u}vJty "CU= xDW=Po C@Ft Qw] x@ hOy `@=D
pm OwU u=R}t V}=Ri= ?@U 'O}rwD u=R}t V}=Ri= u; p=@vO x@ w |@v=H pwYLt
Ow@y@ x@ �7 R}v pkvwptL |xv} Ry Vy=m "CU= xOW �9 u=R}t x@ u}t-=D |xQ}HvR
CiQo xH}Dv u=wD|t xDiQo CQwY C}U=UL R}r=v; =@ "CU= xOQm ltm hOy `@=D
u}t-=D |xQ}HvR |Qw;OwU u=R}t QO |tyt QDt=Q=B u}vo}r w pwv=D=w}@ VwQi Ct}k xm
hOy `@=D 'VwQi Ct}k �20 V}=Ri= =@ xm |Qw] x@ OwW|t ?wULt xOwDCU} R

"O@=}|t Ow@y@ �70 u=R}t x@

|Q}oxH}Dv "7
pwv=D=w}@ O}rwDCyHC}a]k sOa\}=QW QO |]N xiOylD pOtl} 'j}kLD u}= QO
=y?=y |@=}u=mt 'xOwDCU} R u}t-=D Rm =Qt ?=NDv= u; QO xm CU= xOW x�=Q= u}vo}r w
u}t-=D Rm =Qt pt=W pOt "OwW|t |UQQ@ R}v u}t-=D |xQ}HvR |xm@W |=yx=oW}q=B w
|=[=kD Rm =Qt u}vJty '=yx=oW}q=B '|r=kDv= w |Qw;`tH |=y?=y 'xOwDCU} R
xDiQo Q_v QO |r=tDL= CQwY x@ u}vo}r w pwv=D=w}@ |=[=kD "CU= u}vo}r w pwv=D=w}@
x�=Q= |=yC}OwOLt "CU= xOW x�=Q= |r=tDL= |R} Qxt=vQ@ CLD |[=} Q pOt w xOW
QO xOwDCU} R |Q=Oyov w O}rwD C}iQ_ |=yC}OwOLt pt=W |[=} Q pOt QO xOW
|=yC}OwOLt w =[=kD pLt QO u}vo}r w pwv=D=w}@ |=[=kD |=[Q= '|Qw;`tH ?=y
l} pL x@ 'pOt OQmrta V}=tv |=Q@ "CU= u}t-=D |xQ}HvR Kw]U u=}t u=} QH
VwQi xm O=O u=Wv =y|UQQ@ "CU= xOW xDN=OQB C}U=UL R}r=v; w |OOa p=Ft
w OQ=O |}=Q=m 'O=R=t Ot;QO ?Um |=Q@ |a@vt u=wva x@ �u}vo}r� |@v=H pwYLt
Qw_vt x@ ?=y u=wva x@ |v=}t |=yQ=@v= uDiQo Q_v QO =@ u=wD|t =Q |O=yvW}B pOt
Vy=m ?@U |yHwOvJ pkvwptL R= xO=iDU= "OQ@ Q=m x@ 'xOwDCU} R p=kDv= p}yUD
p}rLD T=U= Q@ "CU= xOW u}t-=D |xQ}HvR |=yxv} Ry QO pkvwptL |xv} Ry syU
|xv} Ry 'u}vo}r w pwv=D=w}@ VwQiCt}k |=yQDt=Q=B OQwt QO xDiQo CQwYC}U=UL
u=R}t Q@ |O=} R Q}F-=D VwQi Ct}k QDt=Q=B xm OW xOy=Wt =[=kD u=R}t 'pkvwptL
`@=D 'u}vo}r w pwv=D=w}@ VwQi Ct}k �20 V}=Ri= =@ xm |Qw] x@ xDW=Po hOy `@=D

"O@=}|t Ow@y@ �70 u=R}t x@ hOy
%CiQo Q_v QO =Q Q} R OQ=wt u=wD|t pOt xaUwD |=Q@

&xr�Ut swO hOy `@=D u=wva x@ |]}LtCU} R C=QF= uDiQo Q_v QO "1
&j}kOQ}e pL |=yVwQ R= xO=iDU= "2

CiQQOy MQv =} 'pwv=D=w}@ VwQi Ct}k Ovv=t =yQDt=Q=B Q}=U uDiQo Q_v QO "3
"|a]kQ}e |=yQDt=Q=B u=wva x@ Q=@v= QO xOwDCU} R

"C}U=UL R}r=v; G}=Dv "3 pmW

u}t-=D |xQ}HvR |=yxv} Ry QO syU u} QDW}@ OW XNWt pOt pL R= TB "OwW|t
u}twO "CU= xOw@ pwv=D=w}@ O}rwD pm |xv} Ry x@ \w@ Qt |O=yvW}B pOt QO pwv=D=w}@
O} QN pm |xv} Ry 'OQ=O =Q pwv=D=w}@ u}t-=D |xQ}HvR QO syU u} QDW}@ xm |}xv} Ry
|Q=}U@ QO "CU= xOw@ pkvwptL pm |xv} Ry x@ \w@ Qt xv} Ry u}twU w xOwDCU} R
QO xm CU= xOw@ Q=Okt u} QDW}@ pkvwptL |xv} Ry syU xDiQo CQwY C=ar=]t R=
Qo}O |DQ=@a x@ w |yHwOvJ pkvwptL R= xO=iDU= =@ CU= xOW VqD VywSB u}=
O=H}= xv} Ry u}= QO |yHwDp@=k Vy=m |}xO=H w |r} Q pkvwptL R= u=tRty xO=iDU=

"OwW

C}U=UL R}r=v; "6
hOy `@=D u=R}t Q@ |OwQw |=yQDt=Q=B hrDNt Q}O=kt Q}F-=D p=@vO x@ C}U=UL R}r=v;
'pkvwptL |xv} Ry xrtHR= |OOaDt |=yQDt=Q=B xOwDCU} R u}t-=D |xQ}HvR QO "CU=
|Qw;OwU u=R}t Q@ : : : w VwQi Ct}k 'O}rwD |xv} Ry 'x=oW}q=B CN=U |xv} Ry
Q}}eD |=R= x@ hOy `@=D C=Q}}eD u=R}t |UQQ@ p=@vO x@ VN@ u}= "OvQ=PoQF= xQ}HvR
Ct}k 'pkvwptL |xv} Ry pt=W |UQQ@ OQwt |=yQDt=Q=B "CU=yQDt=Q=B R= |NQ@
xOW QmP |=yQDt=Q=B QF= |UQQ@ |=Q@ "CU=[=kD u=R}t w u}vo}r w pwv=D=w}@ VwQi
�20 u=R}t x@ w pkDUt Qw] x@ =yQDt=Q=B R= l} Qy u}t-=D |xQ}HvR pm |Qw;OwU Q@
x@ QDtwr}m Qy |=R= x@ pkvwptL |xv} Ry 2 w 1 |w} Q=vU QO "OwW|t xO=O Q}}eD
Ct}k x@ \w@ Qt 5 w 4 w} Q=vU "CU= xDi=} Vy=m w V}=Ri= ?}DQD x@ �20 u=R}t
Vy=m w V}=Ri= �20 ?}DQD x@ u; QO xm xOw@ |@v=H pwYLt w pwYLt VwQi
=Q u}vo}r w pwv=D=w}@ |=[=kD �20 Vy=m w V}=Ri= Q}F-=D 6 w 5 w} Q=vU "s}=xDW=O

"OyO|t Q=Qk |UQQ@ OQwt hOy `@=D u=R}t Q@
|OwQw |=yQDt=Q=B hrDNt Q}O=kt |=R= x@ hOy `@=D C=Q}}eD u=R}t 3 pmW QO

=yCWwv=B
1. bioethanol
2. Charness,cooper

�References� `@=vt
1. Ghaderi, H., Pishvaee, M.S. and Moini, A. \Biomass sup-

ply chain network design: an optimization-oriented re-
view and analysis". Industrial crops and products, 94,

86



2|
xQ=t

W'
38

�1
|xQ

wO'
�14

01
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt pp. 972-1000 (2016).
2. Dua, A. and Sinha, D. \Quality of multimodal freight

transportation: a systematic literature review". World
Review of Intermodal Transportation Research, 8(2), pp.
167-194 (2019).

3. d'Amore, F. and Bezzo, F. \Strategic optimisation of
biomass-based energy supply chains for sustainable mo-
bility". Computers & Chemical Engineering, 87, pp. 68-
81 (2016).

4. Ascenso, L. and et al. \Assessing multiple biomass-
feedstock in the optimization of power and fuel supply
chains for sustainable mobility". Chemical Engineering
Research and Design, 131, pp. 127-143 (2018).

5. Esmaeili, S.A.H. and et al. \Sustainable biomass supply
chain network design with biomass switching incentives
for �rst-generation bioethanol producers". Energy policy,
138, pp. 111222 (2020).

6. Mansuy, N. and et al. \Sustainable biomass supply
chains from salvage logging of �re-killed stands: a case
study for wood pellet production in eastern Canada".
Applied Energy, 154, pp. 62-73(2015).

7. Iakovou, E. and et al. \Waste biomass-to-energy supply
chain management: A critical synthesis". Waste man-
agement, 30(10), pp. 1860-1870 (2010).

8. Marvin, W.A. and et al. \Optimizing the lignocellulosic
biomass-to-ethanol supply chain: a case study for the
midwestern United States", In Computer Aided Chemi-
cal Engineering. Elsevier. pp. 1728-1732 (2011).

9. Kurian, J.K. and et al. \Feedstocks, logistics and pre-
treatment processes for sustainable lignocellulosic biore-
�neries: A comprehensive review". Renewable and Sus-
tainable Energy Reviews, 25, pp. 205-219 (2013).

10. Marvin, W.A. and et al. \Economic optimization of a lig-
nocellulosic biomass-to-ethanol supply chain". Chemical
Engineering Science, 67(1), pp. 68-79 (2012).

11. Durmaz, Y.G. and Bilgen, B. \Multi-objective optimiza-
tion of sustainable biomass supply chain network de-
sign". Applied Energy, 272, pp. 115259 (2020).

12. Perrin, A. and et al. \Integrated design and sustainable
assessment of innovative biomass supply chains: A case-
study on miscanthus in France". Applied Energy, 204,
pp. 66-77 (2017).

13. Zahraee, S.M. and et al. \An investigation of the envi-
ronmental sustainability of palm biomass supply chains
via dynamic simulation modeling: A case of Malaysia".
Journal of Cleaner Production, 237, pp. 117740 (2019).

14. Osmani, A. and Zhang, J. \Economic and environmen-
tal optimization of a large scale sustainable dual feed-
stock lignocellulosic-based bioethanol supply chain in a
stochastic environment". Applied energy, 114, pp. 572-
587 (2014).

15. Ahmed, W. and Sarkar B. \Impact of carbon emissions
in a sustainable supply chain management for a second
generation biofuel". Journal of cleaner production, 186,
pp. 807-820 (2018).

16. Osmani, A. and Zhang, J. \Stochastic optimization of
a multi-feedstock lignocellulosic-based bioethanol supply
chain under multiple uncertainties". Energy, 59, pp. 157-
172 (2013).

17. Farahani, R.Z. and et al. \Hub location problems: A
review of models, classi�cation, solution techniques,
and applications". Computers & Industrial Engineering,
64(4), pp. 1096-1109 (2013).

18. Seifbarghy, M. and Naseri, F. \Modeling multi-objective,
multi-Product and multi-period supplier selection prob-
lem considering stochastic demand". Journal of Pro-
duction and Operations Management, 9(1), pp. 205-223
(2018).

87


