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Abstract: The growth of industrialization in Mexico has cadsan increase in the demand for materials tofgatie
consumption of goods and services of a growing [adjom. Given this scenario, there is a rise ofrd®dual generation
with affectations on the ecosystem and populatiadth. Hence, the objective of this research wakesign a network
for waste vegetable oil collection based on vehiglging problem with simultaneous pickup and derlyy starting from
a distribution centre to 49 restaurants, as themgion sources of waste vegetable oil. The Vetikdating Problem
Simultaneous Pickup and Delivery with Time Windomes the variant used as a vehicle routing methablee the
problem. The free software VPRPD was the tool ugeslve the vehicle routing problem with simultane pickup and
delivery that allowed to specify time restrictiofifiis software uses the simulated annealing metatties in its syntax.
As a result, it was obtained a total of 8 netwof&sa vehicle capacity utilization of 70 percemthe 6t vehicle and 46
percent in the 8vehicle.

1 Introduction is recovered when it is subjected to a physicalttnent

The growth for industrialization in Mexico has cads Process, becoming a good enough material thateasdn
an increase in the demand of materials to satiséy tin the production systems of the chemical indufirythe
Consumption of goods and services of a growin roduction of biofuel as well as a food Suppler‘rfenthe
population. Given this scenario, the increase Bidreal [llvestock sector. The commercial value of the waste
generation at the national level is evident, witactations vegetable oil is evident, therefore, it is necessadesign
on the ecosystem and population health. Therefpie, logistic networks that transport the residual frahe
everyone's responsibility to find solutions thatlphe generation sources to a collection centre, whecaritbe
mitigate these damages [1]. Scientific and technici€ated and valorised. It would not only have aitpes
advances have made it possible to identify thatynwfn €nvironmental and social impact; it would also opgn
these wastes can be a potential feedstock in devef@W business opportunities with sustainable coripeti
production processes [2-5]. advantages.

An example of this waste generation is the vegetaibl Residual management and products recovery are a
supply chain, where the last user generates wagktable complex problem that requires planning, managereat

oil (WVO0), a residue obtained from frying food. Shiaste control of the flow of materials and products [Blence,
the recovery logistics process has a fundamental ro
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which requires the design, development, and countral that enable the recovery of material and feedstathk a
system to collect the out-of-use product, and tagis high added value. It is a challenge since the legsisector
management must be supported by strategic, taciindl considers that residual recovery processes arevergt
operational decisions [7]. profitable. Therefore, the continuous improvementhe
This research is focused on the design of a wadtmistic processes and fundamentally, the optironabf
vegetable oil pickup network from a residual reoygl the collection networks is one of the elementesessary
company located in the north of Mexico. Nowadays, t to work seeking to optimize resources.
recycling company has 151 clients and wishes t@ecp
by incorporating 49 new generation points (restatisrthat 1.2  Vehicle Routing Problem
generate waste vegetable oil). However, the compizaty One of the fundamental and sensitive elementsdn th
outsources the pickup service is at the limit sfcpacity |ogistics system of reuse is the transport of #msidual
and it is not able to incorporate more clients.réfae, the from the point of generation to the depots of teowery
company must design a collection network to attded centre. Currently, there are numerous situationghiich it
demand of these new clients. is necessary to manage the transport of produd®tim
directions: customer returns, obsolete productsg an
1.1 Importance of logistics in residual seasonal inventories [15], inputs for collectionhaf waste.
management To manage this scenario in an integrated and effici
Since 2013, with the General Law for the Preventioway, the following elements must be considered:
and Integral Management of Residual, in Mexico,, The number of clients and their characteristics.
government actions have been carried out to mitifa¢ +  Location.
environmental and social damage generated by the Collection capacity.
indiscriminate dumping of waste into the environmédt  «  Collection frequency.
the beginning of 2019, the Ministry of the Enviraemhand  «  Quantity of a product to be collected.
Natural Resources began the Zero Waste Projecthwhi.  characteristics of the vehicles.
seeks the modification of the current scheduleaforew
one following the principles of circular economy debd

8] .
The circular economy is a system designed to be
restored and regenerative [9]. The circular econ@ran Carrying out the pickup and delivery of products

tﬁlefergnrit:\\//tﬁ g(;iosv(\;/tor:”cll:‘c':o?{ sies Zn%gzg?r}[h;ltefgﬁ%ﬁs requires the desi_gn of a distribution anq recogggtem of
continuous developmeﬁt cycle, preserves and inesea%ro.d ucts in an mtegra}ted way, IooI_<|ng forward e ¢
natural capital, optimizes resou’rce returns, andmizes pt|m|zat|(_)n of the vehicle ﬂe_et and tl_me. Forstheason,
system risks ’managing finite stock and rénewdblas‘ mathem_aucal_ models of vehicle routing problems A
[10]. This pﬁilosophy assumes that the life cycfeao and .thelr variants become tools for finding optllmatj
product ranges from its production to its recovery feasible solutions. There are two broad categaledised:
reduction after it is used [11] the homogeneous VRP and the heterogeneous VRP.
X Homogeneous VRP refers to common characteristics

The adoption of a circular economy program '.mp"e§vhere all nodes handle the same resource sucktasck,
that the company has to carry out different stiateg

focused on imoroving the circularity of its prodogt time windows, returns, and fractional deliveries.
P 9 X y P . _Heterogeneous VRP refers to unequal componentsewher
system and also cooperates with other supply chains

achieve greater efficiency [12]. It is a directulésof a each node handles different resources such adedpiet,
: great y : tanks, trips, and stochastic components in sonesdas].
national political strategy and therefore a top-dow

approach, and its implementation is structurecbvaithg Homogeneou§ VRP's are: . : .
both a horizontal and a vertical approach [13]. DCVRP. t'is a VRP with d|_stance ?”d capacity
Despite the fact that in Mexico there are more G\ restrictions, this is the Capacity Restricted Vihic
laws, regulations, and standards for efficient chesi Routing Proplems (CVRP.)' . .
management [14], there is still a weakness in thé VRPTW. It is a VRP with distance a.nd capacity
materialization of programs and plans to increhseduse, restrictions, where customers are associateddivis
recycling, and reduction of waste. Therefore, itdsessary a certain time-space.
to know the actual generation volume of each resjdbe VRPB. In the VRP with backhauls, consumers can
uses that can be given to them in other producfins, demand or give back some products. Veh.lcle Routing
as well as determine the capacity that the logistjstem Problems Pickup and Delivery (VRPPD) is a variant
must have for it to have value as a raw material. of the VRPB. _ _
Given the need for production systems of the iméalst * SDVRP. ltis a relaxation of the VRP where it allow

e Human resource.
e Type of product and its characteristics.
Environmental characteristics.

sector to be more sustainable, with cleaner presemsd a the same client to be visited by different vehicss
closed life cycle; it is important to design logistystems long as the cost is reduced.
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Different variants of the VRPPD were developed
between 1999 and 2016, in which two situations were
considered: a static environment [17], which oceungn
all the input data of the problem is known befone t This last variant is known in the Vehicle Routing
construction or design of the routes and the ptanni Problem Simultaneous Pickup and Delivery with Time
horizon is limited, and a dynamic environment [Mhere Windows (VRPSDPTW) and aims to minimize the
some input data are known or updated during thegér difference between routing costs and incomes assaki
which the delivery and pickup operations of thedmais with pickups [20].
takes place. However, most of the delivery and ypck  VRPSDP is the least studied or applied in thediiame
problems have been focused on the static scenadifea and most of the authors consulted assume elemesits t
authors have worked on the dynamic part of thelprob  facilitate the search of a solution, which in somre

The VRP problem with simultaneous deliveries antheoretical solutions that are far away from whepgens
pickup (VRPSPD) is one of the variants of VRPPD anth real life. Some authors [22] have found optis@utions
was first addressed by Hokey Min in 1989 [19], whaising exact methods but have had to make assuraption

availability, and speed of loading/unloading, and
travel.

recognizes that it can exist simultaneously dedideaind
pickup in the same node. The objective of the VRP&P
to find a series of routes for a set of vehicles atinimum

cost, in order to serve customers in the most gpjate

way, which fulfils the restriction that the vehisldave
sufficient transport capacity for the products fersons)
that must be collected and/or delivered and pidhupach
customer (node). It must start from a depot arndeaat the

same depot. The aim is to find the optimum solution
quality sub-optimal solutions. This is a combingtor
optimization problem and most of its versions afr¢he

NP-Hard class, meaning that the solution canndbbed

in polynomial time [20].

Unlike the classic vehicle routing problem, in VRS
the feasibility of routes is determined not onlythg subset
of clients that makes up the route but also, trdeom
which they are visited. The first condition regsitbat the
total of transported products does not exceed dpedity
of the vehicle. The element of order is added bezzat all
times, the load is a mixture between the produstipusly
collected from the customers visited and thosetyédie
delivered. Due to the fluctuation in the load, ewdren the
total demand does not exceed the capacity of thicles,
there may be intermediate points on the route witése
does happen [15].

such unlimited number of vehicles and number ofeisaat
clients to visit less than 30, this makes it an hipd
problem.

VRPSPD is one of the least addressed types of YIRP i
the literature because of its complexity, sincestrerch for
optimal solutions can increase exponentially dejpendn
the number of customers or nodes that are parhef t
problem. Therefore, the computational resourcestbek
with exact algorithms could not be used in scesanih
more than 40 clients. Consequently, the heuristic o
metaheuristic algorithms are the most used to find
solution that, even if is not optimal can be fekesib

2 Methodology

The objective of this research was to design aevast
vegetable oil collection network to attend the dedchaf 49
generation sources. Based on the VRPSPD, a maticamat
model is designed considering the restrictions huf t
studied network. Finally, a simulated annealing
metaheuristic algorithm was used to obtain a féasib
solution.
2.1 Problem Statement
The company increases its client portfolio each gsa
the capacity to treat residual raises, as well l&s t

The VRPSPD, like the rest of the problems derived,yareness of the production chains to have cleanene

from the VRP, has among its variants the followi2d):

« VRPSPD + heterogeneous fleet,
capacity, costs, availability, and
restrictions as elements of heterogeneity.

sustainable, and environmentally friendly processes

cpn3|dgr|ng The company specializes in the maintenance and
circulationgleaning of grease traps, as well as hoods, addiggvice

of waste vegetable grease collection, which they fos

* VRPSPD + different maximum route lengthpiodiesel production. The grease collection senise
limitations for each vehicle type, considering theutsourced to a company dedicated to the transjuorta
heterogeneous fleet in terms of capacity, cost, arghd distribution of products. Currently, that compa
availability. cannot assume the commitment to include the 49

¢ VRPSPD + maximum route duration limitation,generation points that the recycling company wisbesld
considering the heterogeneous fleet in terms @ its client portfolio. Therefore, the recyclingrapany
capacity, cost, availability, and loading/unloadingneeds to conduct a study to determine if it hasépacity
and travel speed. to execute the collection process for new clieftse

« VRPSPD + soft windows, considering thelocations of existing customers and the new onebeto
heterogeneous fleet in terms of capacity, costfcorporated are showed in Figure 1.
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Figure 1 Location of WVO generation points

The objective of the collection process is to daliv estimated that the load of the vehicle is a mixinfr¢he
empty containers to the points of generation fog thproducts collected from the clients already visied the
collection of residual and to collect containersvtVvVO.  one that remains to be visited. Also, it was cosrgd that
In this process, it is necessary to consider that: each establishment has time to attend the vehiae t
» The generation point will be visited only once; andnakes the delivery and collection of the product.

the opening, closing, and resting times of eachtpoi A route is an ordered sequence of customers agsdcia
e The collection center has two vans, 6 t and 8 with a specific vehicle. In short, it is a problevhere the

dedicated exclusively to the delivery of emptystarting point is a collection centre with a hegeneeous

containers and the collection of full containersath fleet of vehicles and a set of generation poingswsited.

generation point. At each point, there is a demand for 20 L containiarown
« Deliveries of empty containers and collectionsutif f as delivery demand and 20 L containers containiigOw
containers would be made simultaneously. are for pickup, known as the pickup demand. Bdth, t
. 20 L containers will be delivered so thie residual collection centre and the generation points hawee ti
is collected at each generation point. restrictions to attend the delivery and pickup pssc

Therefore, a network is designed to satisfy the atetrof

2.9 Method of solution all customers, optimizing the distance and trawvedt

Knowing the characteristics of the collection pss;ét
is a VRPSPD with elements of a VRPTW, being then

221 Design of the mathematical model of the

VRPSPDTW. Both models belong to the family of végic Vehicle Routing Problem Simultaneous Pickup

routing problems with capacity restrictions. Botdnsider
that all routes start and end at the collectiortreer\t no
point of the route can the load exceed the capadithe
vehicle, the vehicles have different capacities aad
make at most one trip. For the solution of the fgab it is

and Delivery with Time Windows
The objective of the VRPSPDTW is to determine the
set of routes that satisfies the demand of alktiemts by
optimizing the distance, fulfil the demand of tHemts,
and attending to their time restrictions. The pagtars and
variables that define the model are shown in Table
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Table 1 Variables and parameters that define thBSFOTW

t}; = Cii/Vk

t¥: Time in the vehicle ke K up to the customer i
el
si;: Time of service.

sij = (d; + p;) * h*
Dij: Represents the quantity of products to be
delivered transported by the arc (i,j) i,je I".
Pij: Represents the quantity of products to be
pickup transported by the arc (i,j) i,j € I™.
Cij: Variable to optimize in this case the distance

Variablet Paramete
x}}: The arc (i,j) with i,j € 1"is traversed by the| I: Set of clientsI = {1,2,3 .....n} I* =1U {0}
vehicle ke K. di: Quantity of products to be delivered withi €
t%‘i: Vehicle travel time k € K through the arc (i,j) | I . ) o
with ij € 1*. pi: Quantity of products to be pickup withi € 1.

from node i to|.

m: Quantity of vehicles.
Q: Number of vehicles.
h*: Loading/unloading speed.
vk: Constant associated with the average speed pf
the vehicle.

The mathematical model presented is based on tthe arch included in the solution. With (10) igisaranteed

models defined by [20,21,23]. The problem is maatedn
a graph, being the vertices the clients and th@sitso
the set I+ and the arcs are the paths betweentbesees.

Objective function:
min Y5ty Zi,je1+ Cij * xlkj (1)
Redrictions:
S Y e xk = 1 viel (2)
Yiert Xfs —Yjerrxl; =0 Vselt,vkeK (3)
Yiaxs; <mk VvkeK (4)
Zjel Doj = Dier d; (%)
Z]'EI Py = Yie1Di (6)
Yjert Dji —Xjer+ Dy =d; Vi€l @)
Yjert Pij —Xjer+ Bi=pi Vi€l )
P;+ Dy < YRl xSQF  vijert  (9)

tk=0 vkeK  (10)
xEAE+sfE+tl—tf)<0 vijelt,vkek (11)
tk >0 VielLVkeK (12)

xf; € {0,1} vi,jelt,vke K (13)

D;; =0 vi,j eIt (14)

P;=0 vi,j eIt (15)

that all vehicles leave the warehouse at the Imitament.
The relationship between the arrival times of cootee
customers on a route is defined in the restricfidr), (12)
makes the arrival time a non-negative value. Rm#il3)
is associated with the domain, and (14), (15) laeenion-
negative conditions.

222 TheVehicle Routing Problem Simultaneous

Pickup and Délivery with Time Windows

solution

Previously knowing the amount of data to procesk an

the complexity of the mathematical model of thebbem
to be solved, a metaheuristic algorithm was usedet a
feasible solution in less time. Using a metaheiarist
algorithm prevents the solution from falling intptionum
locations as there are intelligent and high— level
procedures. The free software VPRPD was used t@ sol
the problem. This software uses the simulated dimgea
metaheuristics in its syntax. These metaheuristiss an
algorithm that selects candidates randomly andwallo
degraded solutions, but always with an acceptable
probability that will depend on two factors: thentol
parameters and the difference in values that tlectie
function takes.

The objective function (1) minimizes the travel NPutdatathatwere used:

distance. The restriction (2) ensures that allamsets are
visited once. The continuity of the distance triagtfrom

one point is guaranteed by the restriction (3¢¥)tensures
that each vehicle is used only once and takingantmunt
that the vehicle fleet is heterogeneous. Restrist{®) and
(6) ensure that everything that is collected itato the
depot and that everything that is to be delivesethithe
depot (7) an (8) ensure that the demands of picagp
delivery at each customer are attended. In the afg®,

it indicates that the product can only be distgoluthrough

» Travel distance matrix between each of the gererati
points and the collection centre, considering Mehic
traffic restrictions.

» Travel time matrix between each of the generation
points and the collection centre, taking into actou
vehicle traffic restrictions.

* Vehicle capacity.

»  Workday at the collection centre.

* Number of 20 L containers with waste vegetable olil
to collect at each generation points.
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*  Number of 20 L empty containers to be delivered at

each generation points. 3 Results and discussion
» Load time at the collection centre. The solution is shown in Figure 2, taking into aguo

* Unload time at the generation points. the geographical location of the generation paamis the
e Generation points time window. collection centre.

* Collection centre time window.

P39 PAT

Péuéj,‘jp.'iﬁ

P46

&

Legend
Route 1
Route 2
Route 3

— Routed4

Route 5
Route 6
_ Route7
____ Route 8

P33
]

Figure 2 Collection networks for new customers

Table 2 shows a summary of the long times of eadbad transported and advantage of the vehicle’aadgpon
route, the distance travelled to execute them,allsas the each trip.

Table 2 Routes of collection of waste vegetable oil

Routes with & van Time Distance Load .(20 L Capacity use
(min) (km) containers)

1 CR-P33-P34-P35-P45-P26-CR 199.51 20.80 61 90%
2 CR-P14-P9-P37-P49-CR 140.35 14.15 23 34%
3 CR-P32-P25-P18-P10-P41-P12-

P11-P16-CR 176.68 19.40 57 84%
4 CR-P21-P4¢-P17-P3€-P4Z-P4z-

P28-CR 189.51 22.42 41 60%
S CR-P13-P47-CR 148.22 16.90 56 82%
TOTAL | 854.27 93.67 238
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Routes with 8 t van Time Distance Load .(20 L Capacity use
(min) (km) containers)
CR-P30-P2-P29-P22-P40-P20-

6 P19-P38-P24-P46-P39-P27-P4; 469.47 26.42 169

P44-P7-P23-CR 50%
7 CR-P1-P6-P31-P8-P5-P3-CR 378.29 18.41 37 11%
8 CR-P15-CR 538.61 14.60 256 75%

TOTAL | 1,386.37 59.43 462

It will not be possible to make all the visits on ae

working day, because the time it takes to makthallisits
exceeds the workday established of the collectantre.
Therefore, it should be considered when schedtlieg
delivery and collection process.

The allocation of the load in the vehicles is atable,
however, the capacity use of the\gan is only 46 percent,

while the utilization of the & Van capacity is 70 percent. .

Finally, the use of the dynamic capacity of theieiehis
low, which could impact badly in the efficiency tfe
distribution process.

4 Conclusions

Analysis of the collection centre’s capacity to ldea
with an increase in the volume of residual to be
collected.
* Include transport indicators as restrictive eleraaft
the model.
 Combine the collection of waste vegetable oil
generated by the restaurant and the domestic sector
Make an assignment of the clients that would be
attended by the collection centre itself and by the
contracted company, seeking better use of vehicular
capacity and resource optimization.
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