Location-Routing
Problem for Used Oil



To optimize

1 facility location
1 capacity acquisition

A vehicle routing decisions

For used-oil waste



[ Incorporation of vehicle routing problem (VRP)
m Adaptation of two commodity flow formulation

d Integration of an advanced assessment of
environmental risk



The Used Oil Management Framework
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Fig. 1. The used oil management framework.



' Two-Commodity Flow
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Two-Commodity Flow
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> icqusus (Tigml — Tjimi) = 2 X g; X Zimi, Vi € G, Vm € S,VleL
J#i [Balancing of in- and outflow at generators ]

ZieG Eme§ ZleL Zmimi = K X VOAP — Zz‘eG 9i
[Total outflow of §=Remaining Capacity]

[Total inflow to § =Total Amount Collected]

D icG Zjes Y omed 2ier Tigm < K x VOAP

[Total inflow is limited to vehicle capacity]




Tiiml ‘|’33jz'ml = VCAP X Wiiml Vz,y cGUSU §,Z #y,Vm = g,\V/l €L
[ Space * Storage = Capacity ]
ZiEGUSU§ Wijml = 2 X Ziml Vj S G,Vm = g,Vl €L

7] @Each generation node has two incident edges.]

> iccusus e, Wigmt + wiimi) =0, Vi€ S,¥m e §,m—j# |85

[One vehicle cannot visit more than one copy]

> iccusus 2ier, (Wigmt + Wjimt) =0, Vjm € §,j#m
i#m [No links between copy storages]




Em€§ ZleLwijml =0, Vi,j€ GUSUg,i:j

_ Eliminate the trivial sub-tours |

_ z1=1. Vi e G [Transport oilto only one § with }
ZmeS ZZGL wnd ’ only one capacity level

Wijml < 0, ViES,VjGGUSUE,VmEg,m—z’:\S\,\ﬂEL

Guarantee that the vehicle can only
start at an open storage facility




ZJ’EF ZZEL Yiji = ZleL Sit, Vi€ S %

sii <ogCAPy, Vie S,Vie L (= LCaPacity }

Constraints

fq <0yCAPy, Yie F V€L
Zle 1. Oil <1 : Vie SUF [Each facility can only take one capacity }

1
level




hl = ZiESUF ZZEL FCzl O;1] [Fixed Cost of Opening Facility }
+ Z’iESUF ZZEL VCZ (Sil ‘|_ le) [Variable Operating Cost}
treat T
+ Yies Ljer 2aer TCT Dij [imimtmnan =
B . ns store R
+ Zi,jeGuSuS ZmeS ZleL zTC X DZJwZJml

Generation to Storage
Transportation Cost

+ K x VFC [FixedVehicle Cost]




h, = Z (Volume of hemisphere around nodes)

+(Volume of semi-cylinder around route)
+ (Risk of return trips)




To construct the bi-objective function, we:
A Find the optimal value of each of hiand hz separately
d  Multiply that with a normalization factor

d  Assign each of hiand hza weight A

| 100 | 100
minhs = 1—(hy — b)) + (1 — ) —(hy, — h3)
h; h,




@ Generation node
Storage facility
candidate
el Integrated facility
candidate
The existing
integrated facility

Table 5
Optimal values for M{A)—1 and M(A)-2.

Fig. 3. Used oil generation nodes and alternative facility sites in Chongging.

Model Objective Annual cost  Environmen- CPU time
(yuan) tal risk (km?) (s)

M(A)-1 Min cost 433360 84222 161461
M(A)-2 Min envir. risk  1.213.400 22351 241405
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Fig. 4. Trade-off curve with 2 increment of 0.1.
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Optimal Solution:

3 storage facilities

3 integrated facilities
6 vehicles

082510 yuan

20750 km”3
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The correctness and applicability of the paper is quite robust, however:

1. Definition of environmental risk is not comprehensive

2. Too many indexes?



“An Exact Algorithm for the Capacitated Vehicle Routing
Problem Based on a Two-Commodity Network Flow
Formulation ” - Baldacci R. et al.

N(V, E) G=(V,E)
V=GUSUSUF V=vVuin+1}
G(1,2,...,2) used oil generation nodes. Vi=V\{0,n+ 1}
S(1,2,...,s) storage facility candidates. B —Eu (i,n+1),ie V)

S(1,2,...,5) the copies of storage facility candidate. . ,
F(1,2,..., f) integrated facility candidates. Cing1 =Coi YIEV



Our Formulation:

2 (Xijmi —Xjim1) = 2 X &; X Zim,

JEGUSUS
J#i

2 X XXmim=KxVCAP- ¥ g;
ieGmeslel ieG

Y Xinmi = 2, 8i X Zinids vmeS.vlel
ieG ieG

2 X X XXjm<KxVCAP

ieGeSpeslel

VieG, YmeS, Vlel

(13)

(14)

(15)

(16)

Xijmi +Xjim = VCAP X Wiy, Vi,jeGUSUS,i#j,YmeS,Vlel

(17)

Z W,-jm,=2x2jm1. V]EG.VmESVIGL

ieGUSUS
i#]j

(18)

Formulation of Baldacci et al.:

) (x;—x;)=2q; VieV,

jev

Y x0=MO—q(V"),

eV’

Z Xoj = q(V"),

JeV’
Z xn+1j = MQ*
JjeVvV’

x;i+x; =0 V{i,j}€E,

Y &i+) =2 VieV,
jev jev
1<y >]






‘A new model for the hazardous waste location-routing problem” -B. Kara, S. Alumur (2005)

Locating treatment centers, disposal centers, allocating technology,
all routing issues

(2 x Cost of link/Max link Cost) + (1 — 4) x (Risk of link/Max link Risk)
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Fig. 3. Ninety-two administrative districts and the highway network in the region. The inset displays an enlarged view of the ) : " .
network around Ankara. Fig. 4. Trade-off curve with 0.1 increments of /.



‘A multi-objective mathematical model for the industrial hazardous waste
location-routing problem” -Samanlioglu, F. (2012)

Locating treatment centers, disposal centers, recycling centers
allocating technology, routlng hazardous material and waste
residues e
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Thank you for listening!

Any questions?



Each vehicles leaves from and returns to the same storage
Each vehicle visits at least one generation node

Each generation node is visited exactly once

Capacity of each vehicle should not be exceeded

Two-commodity flow formulation



min Z Z c.ij:cij

iV jeVv
subject to
Zmij =1 Vje V\{O}
i€V
inj =1 Vi€ V\{O}
JjeV
Zﬂfz‘o =K
i€V
Z 220]’ =K
JeV

Zzwij >r(8), VSCV\{0},S#0

igS jes

z; € {0,1} Vi,jeV
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SlidesCarnival icons are editable
shapes.

This means that you can:
° Resize them without losing

quality.

o  Change fillcolor and
opacity.

o Change line color, width and
style.

Isn't that nice? )
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