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Abstract

This study presents a mixed-integer programming model to address the location and routing
problem for optimizing a two-level biomass supply chain. The primary objective is to select
collection points and determine transportation routes from forest areas to collection points
and from these points to biorefineries to minimize the total cost. While the initial model is
non-linear, a linearization approach facilitates efficient solution finding. Real-world biomass
data is used to evaluate the model's effectiveness. The results demonstrate that the two-level
routing strategy significantly reduces overall costs by up to 12.92 % compared to a single-level
approach. Consequently, the findings of this study can enhance the logistics efficiency of the
biomass supply chain in Thailand, promoting the sustainable development of biomass energy
in the future.

Keywords: Mixed-Integer Programming Model; Two-Level Location-Routing Problem; Biomass

Supply Chains; Linearization Technique
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Wosdaiiiegetodin ‘[ﬂﬂma‘[ﬂaﬂmumma (Biomass Supply Chain - BSC) 9 ATOUARNNNIUADL
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’ Biomass materials from suppliers — Collection sites Bio-refineries

U1 fmegisldgumudmig
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TngussasAieandunuuazinlszinsmwmsaniivey  doouideildinseuaauanudaiu
madsanuaziownden Tnesnsaaamssesiamsveulaeanlanls
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Umemolaenss [21] - [22] Felunsdifieziliinslisasudomdvimiuansiusuigniden
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M3 1 91uIdennedgenundeldoUunIudiniauasnsunJynsa1unAuan1sIAEUNIg
WUUEBITEAL

1 A.A. unANN  BSC FLP  VRP LRP TLRP Sadumosluszaui 2

1972 [14] v v v
1987 [7] v
1998 [10] 4 v
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2007 [11] v v

2009 [12] v v
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2021 [19] v v v v v
2023 [21] v v
2023 [22] v v v

2023 [13] v v

2023 [16] v v v v

2024 [17] v v

2024 [18] v v v v

2024 [20] v v v v v
2024  This study v v v v v v
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Tumsfnmiazinsanmssudeiuimaiidumssudoliidunan  Tneazfinsanms
swslidunanaudaziuiluihllugquinussiieulssdliteusudereludslsonaudanm
walupeiunsaswnlngeraldsansadnluiesinsnldls  dedeslisasuwindnlunmssiusis
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Collection Site @sa:ldsapmadnlumssiusin uazazSenszAvmsiamsiihszivi 1 dolussin 1 3
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4. Lifidumoszning Collection Site TumsousoszAvi 1

5. laifitdun1991n Supplier lUgs Bio-Refinery lnamss Aiesidunisain Collection Site
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Programming Model: MIP) smsudymmaiendamiinozes Collection Site wazmIdnEuMITNy
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Uszneume 1wa mafimes uasiulsnaule Aomsed 2 -4
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L, 1gmaeg Supplier s Collection Site (V;, UV,)
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DIDIETEIF
JeL, kek,;
Z Z X Z Vi
iel, kek,

’ i .
U, —Ujk + Xy, <n —1;
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D = D Ay

ieL,,i*j ieL, ,i#j

2.2 2 ay=0;
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@) Supplier N eABessliEalUR Collection Site 1 ursiiiy

8) Supplier wﬂimﬁaadﬂlﬁﬁamﬂﬂﬁ Collection Site ﬁﬂﬂﬁ]ﬁlwh‘ﬁu

) MU ‘]J‘IJﬂWiﬁ]ﬂN\.‘lsl‘VlLLﬂf\]v Supplier aalummalﬂﬂﬂ Collection Site WBwilsgaimiiu
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(13) wAnz Collection Site MUAFBoTEUMTIN 1 6w
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(15) Tuiiidumusznag Bio-Refinery lnamss
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(21) Josfumainiiveslus:iud 2
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MTWN 5 ANUBRIISLR:AB VLRI Rl YA LD ILUUIIRDINLILEUS (D)
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(23) Fmulidinialufinaugues Collection Site
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25)-(31)  mvesmulsanaulanomun

3. msudasisntulnidusntuidoy
PanuusmesiinEwe sniun Seulei 24) WuileAiuludodu (Nonlinear Function)
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(Linearization) uztiloodn z; waz ay Wudmulsmima dodu inamsammamulsingulaln
e nali za;, = za; Fofianununediugsil

zagy = (1, ;iwumean i 1/ Tussivn 1 uasaerelids 7 moomwimne & Tuscaun 2
Tnehn iel,, jeV,,lel, un: kek,
0, nyaldu 9

Aoty weulan (24) azgaudaniiudsieulan (32)

Z Z Z DiZay, S veap,; Vk ek, (32)

i€V, jeV, lel,

uaztnuwaulalunuelvnaansnlagvnsenaaasnuweulomy Avdaulan (33) - (35)

Za,, <z, VieV,VjeV,, VkeK,,Vlel, (33)
2y, < Ay VieV,VjeV,, VkeK,,Vilel, (34)
z,; tay <zag, +1; VieV,VjeV,,VkeK,,VileL, (35)

Nndeuil (33) - 34) :F ¢z, = 0 W30 ay = 0 2NFN zay, = 0 Foe:aennRBIU
Sauloi 33) - (35) uazan z;=1uas ap = 191071 za,, = 1 Fuezdonnapsrumeuli (33) - 35)
tufio weansiliooodudslng za,, SonsfiAwmau za,

Pamsudaodowy 921071 uuaeemMuuAM ST IMANLUURENS RS UMW
voldgumudanauuudessziu asUszneumie Wedduinguasaean (1) uazdeulsd ) - 23)
uazdeulei (25) - (35)

WA

dmsumanadeuuuudaesininaue Tunuideiie:ldgeyalidunasnoideses [16] denuaziden
vostayanlinagey laun diundspes Supplier uazdwulddinaninmlagmsvuaa: Supplier
WRZAILAUODB Collection Site FulusmideilazAmasn Supplier NAYSHalATIamNTY
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Collection Site WAN w13 Supplier lAgnAneananmMsiasaiesnsezmalnaningady 9 an
Al Tunsalinwil 9:d Supplier 91191 10 9A waz Collection Site 911U 3 90 lABTIRzBYA
UARZYAAINIIIIN 6

MIWN 6 FUnIaAgn apvdgn uasUsmalddmiavesuna: Supplier

ALLALY azAgn NOIIA Usunaludaue (An.)
Collection Site 1 15.1505030 104.6584878 -
Collection Site 2 15.1344963 104.6327180 -
Collection Site 3 15.1673784 104.6866989 -
Supplier 1 15.1615522 104.6905147 57
Supplier 2 15.1526875 104.6168721 396
Supplier 3 15.1366762 104.6333192 849
Supplier 4 15.1472667 104.6299594 113
Supplier 5 15.1430998 104.6305810 396
Supplier 6 15.1430998 104.6324031 226
Supplier 7 15.1593389 104.6918025 396
Supplier 8 15.1315736 104.6599839 113
Supplier 9 15.1664174 104.6721321 226
Supplier 10 15.1327825 104.6830828 283

dmsumsuniamil s:nesliteyaiuAn TuAD AuNtIpes Bio-Refinery duluoinideil
InAnRensmunisnlnalAssigoyaass tnerunids Supplier, Collection Site U8z Bio-Refinery mugiin 3

® @ Supplier
° @ Collection Site
@ Bio-Refinery

3UN 3 fwnio Supplier, Collection Site 4Rz Bio-Refinery UUUHUNDTI

NRIDINNIIWFUNLIBY Supplier, Collection Site Az Bio-Refinery 328293 R NOMLALIAY 9
2QNAUIIAIBTZEEMNIT3991n Google Map uazuendInoyamumumioms 1 Alfnui a:fidous
anugeoseunmusluszavi 1 dogndmunlidy 1,500 Alansu mmwaﬂmuwmuﬂ,ui “Aud 2
(i 5,000 Alany safeailinensiidmsuenunmulus:in 1 ua: 2 azagi 1 500 UM WAz 4,000 UM
uazficilideAnmuszezmolasAnAniiudnse: 33 vm Nndeyainoiy Wothuuudaesiitiaue
WIMHRANS AI8TaNALIS Gurobi TaeldlUsunsy Python dulfiiaszananasuns:nslinaiaa
fumnziign Ao 65965 Wi uazwadnspoafmuntoas Collection Site Agala t@uMINIsaUGY
M2V 1 wazazAiud 2 ﬁﬂgﬂﬁ 4
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BN\,

N4 wasnsnmuzNgAzasimi Collection Site NYNIUALRIEUNIINFIUFINIFDIFTZAY

903U 3 910 azfoaila Collection Site $1uau 2 9 uazldsnduau 3 fu luszAvd 1
uwaluszaud 2 e lisnifesAudndlumsoudononun Tneazldalddwsammiignegi 29,277.43 v
wazflowSouieududsmsoudsliiimiauuuseessau Tnedlufimssadumeluszioi 2 wun
ﬁ]:ﬁﬁﬂﬂ"fdmimaﬁ 33,619.97 1M Fouvviaeefitsuessaanaliaelaag 4,342.54 vm
Fodmdu 12.92 %
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Tunddeiiliitauenuuimasmnuansideiuiuuuraiouddaymnsiamanisldaunu
TuauuuaedszAy 1neAaIn19taangAsIusIula9In Supplier UATIALEUNIINITIUFIDNUARS
Supplier lUéis Collection Site wazanEunumMszussaIn Collection Site lUgh Bio-Refinery %ﬂﬁmqﬂizﬂﬂﬁ
PesUULIIRB0az RN TANFeRunuTINTmAgn e1olsinu wwudaesiiisueEuiuduuuuines
Loy Aot ieliuuusmossinsamuaansld Hdedsliuanuuiaediduwouiinesdodiu
wazilenaseuuuaesietoyaliiennde  nuhwaansresuuuTInesimsdndumoted
sevsnnsanmlinelaeywld  dewSeuideuiumsindumeiiosssiudie)  iesmnmadadume
TuszAvil 2 snsaandwuzessuwinuzalilumsoudold agulsinn Tunuideitoyaild
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