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Abstract. Waste Collection Vehicle Routing Problem (WCVRP) is one of the developments
of a Vehicle Routing Problem, which can solve the route determination of transporting
waste. This study aims to develop a model from WCVRP by adding characteristics such as
split delivery, multiple trips, time windows, heterogeneous fleet, and intermediate facilities
alongside an objective function to minimize costs and travel distance. Our model determines
the route for transporting waste especially in Cakung District, East Jakarta. The additional
characteristics are obtained by analyzing the characteristics of waste transportation in the
area. The models are tested using dummy data to analyze the required computational time
and route suitability. The models contribute to determining the route of transporting waste
afterward. The WCVRP model has been successfully developed, conducted the numerical
testing, and implemented with the actual characteristics such as split delivery, multiple trips,
time windows, heterogeneous fleets, and intermediate facilities. The output has reached the
global optimal for both dummy and real data.
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1. Introduction

Municipal solid waste management is now a global
concern and needs to be addressed [1]. The large increase
in population along with consumer behavior change,
including the overuse of packaging will have a positive
correlation to the volume of waste produced every day [2].
The public waste collection points are usually extremely
smelly, influence the hygiene, and damage the image of
modern society [3]. Waste could cause toxic environmental
pollutant which jeopardizes human, animals, plants,
environment, and other living organisms [4]. The solid
waste management system may be described as the
management of all responsibilities, practices, procedures,
processes, and resources establishing a system that manages
waste and complies with environmental regulation [5].

The problem of municipal solid waste (MSW) can be
solved by increasing the services for transportation waste.
When the service exceeds the stakeholders’ expectations,
it can be rated excellent [6]. This paper discusses the
transportation effectiveness from residential areas to a
treatment facility through route optimization. Even more,
route optimization plays an important role in the solid
waste management process [7] due to cost, economic, and
social impact [8].

Several studies were performed to tackle MSW in such
ways. A previous study proposed the optimized paths for
MSW collections using Geographical Information System
(GIS) in India [9]. The previous study investigated the
recyclable solid waste using Monte Carlo Simulation [10].
The utilization of the analytical hierarchy process (AHP),
Group method of data handling (GMDH), and artificial
neural network (ANN) simultaneously have also been
conducted [1].

There are many studies have discussed the variety of
optimization in waste transportation. There are three main
components in a waste collection VRP: depot, treatment
facility, and customers [11]. The traditional VRP problem
has been tackled by its distinguishable characteristics such
as multiple depots [12]. Basically in this paper, all drivers
start their collections from a single depot [11]. The
characteristics such as split delivery, multiple trips, and
intermediate facilities are considered to minimize the cost
of travel. The characteristics of split delivery and multiple
trips comply with the typical transportation problem,
which is the capacity of the transportation mode [13].
Another study discussed the route determination of waste
transportation in Denmark by considering the time of
transporting waste to minimize travel costs [14]. Besides,
another study discussed the problem of transporting
hazardous waste by considering lunch break, vehicle
capacity, and different types of waste which requires
special handling [8]. Research on VRP problems with time
windows was also conducted in determining the
distribution routes to minimize costs [14]. In that
particular problem, a study proposed a neighborhood-
based metaheuristic until all demand had been served, and

routes were subject to a maximum duration constraint [15].

Another study discussed the determination of the waste

transportation route which using the multiple neighborhood
search method with heterogeneous fleet and flexible
assignment of destination depots characteristics [16]. Also,
another study discussed the determination of the waste
transportation route with time windows and intermediate
multiple depot facilities characteristics [14] and utilized the
nearest neighbor algorithm [15].

The amount of waste produced per day will be directly
proportional to the population in an area. Therefore, the
increasing population growth surely means the increasing
waste problem, especially in terms of transportation. This
paper is based on the observation in Cakung District,
which is the most populated and the largest waste-
producing region compared to other districts in East
Jakarta. Currently, Cakung District still has not been
transported about 11.6 tons out of 262 tons of waste
produced per day.

When it comes to the waste transportation route
determination, the waste collection vehicle routing
problem model is used. This problem may be started as
the customer's order (waste waiting at the collection points
to be transported) and ended by sending the final product
to the customer (sending waste to the treatment facility)
[17]. Our model is developed by analyzing the
characteristics of waste transportation in the Cakung
District. The characteristics of split delivery allow the
collection point to be visited by more than one vehicle,
while the characteristics of multiple trips allow vehicles to
visit other collection points after unloading in the
treatment facility. Also, the characteristic of time windows
is used to limit the visiting hours of the vehicle and the
characteristics of the intermediate facility require each
vehicle to visit the treatment facility before returning to
the depot. The last characteristic is a heterogeneous fleet
which is used to determine the vehicle to be used to
transport waste according to a certain rule. The rule
assigns the largest vehicle capacity to transport waste from
the collection point with the largest waste volume. These
mentioned characteristics above are considered in
determining the applicable route in a particular area.

According to the explanation above, it is known that
this study develops a model for determining waste
transportation routes with the characteristics of multiple
trips, time windows, split delivery, heterogeneous fleet,
and intermediate facilities. This paper aim is to minimize
the distance and traveling costs of the vehicles. Later, the
developed model proceeds to the numerical test in 7
different villages.

2. Literature Review

Transportation is the activity of moving goods and
passengers from one place to another place [18]. The most
important element in transportation is the endless effort
to keep costs as low as possible [19]. Waste is unwanted
leftover goods or materials from the result of a particular
process and is usually managed through landfilling.
Landfilling is a common option due to its simplicity and
economic advantages [20]. In this context, the land must
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be maintained in good physical structure [21]. Besides, the
transportation issue is an interesting discussion in
minimizing costs. The vehicle routing problem was
originally proposed by Danzig and Ramses in 1950, which
discussed the routing of vehicles to serve a given number
of customers. The traditional vehicle routing aims at
reducing the total operating costs of the vehicles.
A reduction in cost partly comes from the use of better
routes, which leads to a reduction in the total distance
traveled [22]. Another paper minimize the total cost, that
is, the conventional vehicle cost, plus the occasional
drivers’ compensation [23]. Another investigation included
the buying cost into the cost of transportation [10].
A penalty cost is also added when the delivery is tardy [24].
A study defined the transportation cost as stochastic travel
time [25]. In this paper, the traveling cost per km is
approximated by the travel distance.

The Waste Collection Vehicle Routing Problem
(WCVRP) is the waste collection problem consists of
routing vehicles to collect waste while minimizing the cost
of travel. WCVRP differs from the traditional VRP due to
the waste-collecting vehicles must empty their load at
disposal sites. The vehicles must have been emptied when
returning to the depot. WCVRP also carries the number
of characteristics and constraints that complicate the
routing and require special handling [8].

Waste transportation is an operational activity that
starts from the collection points to the treatment facility
[9]. The systems of the waste collection are known as [26]:
* Hauled Container System

The hauled container has 2 systems that the systems

known as conventional hauled container systems and

modified hauled container systems. In conventional
hauled container system, the collection truck picks up
the filled container of waste from the source point and
moves straight to the disposal site, and then returns
the emptied container to its original point of
collection. In a modified hauled container system, the
collection crew sets out of the station with an empty
bin and at the first station, the bin is dropped off while
the filled bin at the site is collected and taken to the
disposal point. The filled waste bin whose content has
been disposed of from the previous site is then taken
to the next source and dropped off as the new empty
bin for that source. Then, the filled bin on site is taken
for disposal and then dropped off at the next source.

This loop continues for as many sources as there are

in the collection plan.
= Stationary Container System

This system is characterized by a continuous
collection of waste from source to source until all the
sources for which waste is to be collected from have
been exhausted and the waste vehicle is ready to
return to the disposal site. The vehicle is limited by the
capacity constraints it may have to go to the disposal
site when it is full.

The general structure of the problem involves a single
depot, a set of fixed location satellites where transshipment
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activities take place, a set of heterogeneous vehicles which
are responsible for delivering goods to customers [27].
Even though this paper does not point out closely the
reason behind the depot location selection, it is necessary
to understand the logic of a single depot. The choice of
having a single depot is motivated by a variety of taxes and
infrastructural costs [27]. This area is characterized by a
sufficiently large parking area [27] to accommodate the
fleet when they are not used.

A detailed model takes into account the presence of
intermediate facilities and multiple trips in the service
network [23]. A study proposed a Branch-and-Cut-and-
Price algorithm while considering intermediate facilities
and time windows simultaneously to coordinate the
arrivals of the vehicles [28]. This study allows both
customers and facilities to have time windows in which
they can be visited [28]. Furthermore, a recent study
examined multiple waste types, pickup and delivery
constraints [29]. While another paper discussed the
characteristics of multiple trips with time windows under
a fleet of identical vehicles [24], this paper discusses the
heterogeneous fleet. The previous research discussed the
heterogeneous fleet and some intermediate facilities using
a memetic algorithm with a local search procedure [27].

Another paper used a variable neighborhood search
heuristic [23] while this paper utilizes the nearest neighbor
algorithm. The nearest neighbor algorithm was introduced
in 1983 and is a very simple and greedy algorithm because
of every subsequent iteration. The heuristic searches for
the closest customer to the last added customer into the
route and adds it at the end of the route.

3. Model Development

This research was conducted in Cakung District, the
data in this study was officially obtained from the Jakarta
Environment Agency. This study discusses the waste
transportation route where the collection points are the
only place to load the waste. The data in this study are the
location of collection points, the volume of waste from
each collection point, the number and capacity of the used
vehicles, loading and unloading time, and the velocity of
the vehicle. After the data is completed, the next step is to
develop the model.

Figure 1 shows the stages of the model development
for determining the route of waste transportation. Our
model development is performed by adding characteristics
of waste transportation problems. The basic model of
model development is the model of waste collection VRP
with characteristics of multiple trips, split delivery, and
intermediate facilities (WCVRPMTSDIF). The next stage
of model development is adding the characteristics of time
windows to the WCVRPMTSDIF model. The addition of
time windows characteristics in the WCVRPMTSDIF
model is known as WCVRPTWMTSDIF. After adding
the characteristics of time windows, the model is not
developed the correct route so the additional models are
needed. The WCVRPTWMTSDIF requires 3 additional
constraints to complement the model development. The
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first additional constraint avoids paths from the collection
point to the depot (the treatment facility is visited before
coming back to the depot). The second additional
constraint is used to determine the duration of travel time
by the vehicle. The last additional constraint required to
non-negative of travel time. The function of the last
additional constraint is to ensure travel time with a positive
number. The final stage of model development is adding
the heterogeneous fleet characteristics to the previous
model. The additional characteristics of the heterogeneous
fleet to the model are finally turning the model to
WCVRPMTTWSDHFIF.

After the model development stage is completed, the
next step is performing numerical testing. At this stage, the
developed model is tested using dummy data. After the
numerical test, the next step is analyzing the results of the
numerical tests. The focus of analysis are computational
time while satisfying constraints. The next step is the stage
of data processing. The data processing used the collection
points data in Cakung District. After the data processing,
the next step is analyzing the formed route using Lingo
17.0 software. The last stage is to determine the
conclusions and recommendations from the research.

WCVRPMTSDIF
(Waste Collection VRP With Multiple

Trips, Split Delivery & Intermediate

Heterogeneous Fleet) [106]

Facility)
WCVRPTW
(Waste Collection VRP With Time -
Window) [14]
h 4
Additional Constraint 1 WCVRP,MTTWSD¥F .
. . . (Waste Collection VRP With Time
(Avoids paths from the collection point to > . . . . .
the depot) [8] Windows, Multiple Trips, Split Delivery
P & Intermediate Facility)
Additional Constraint 2 ]
(Calculate the duration of travel time)
Additional Constraint 3 ]
(Non-negative travel time)
h 4
WCVRPMTTWSDHFIF
WCVRHF (Waste Collection VRP With Time
(Waste Collection VRP With —»| Windows, Multiple Ttips, Split Delivery,

Heterogeneous Fleet & Intermediate

Facility)
Fig 1. The Stage of Model Development.
4. Mathematical Model N = sets of collection point that the volume
of waste less then vehicle capacity {2,
Determination of waste transportation routes can be 3,y 1}
solved using the Mixed Integer Linear Programming M =sets of collection point that the volume

(MILP) method. The following is a notation used in
mathematical model development for determining the
waste transportation route:

Sets:

of waste greater then vehicle capacity
{n+1, nt2, ..., ntm}

|74 = sets of nodes {1, 2, ..., n, nt+1, nt2, ...,
ntm, ntm+1}, which node 1 is depot and
n+m+1 is treatment facility

K = sets of vehicles {1,2, ..., &}
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Index: Qie = the cumulative volume of waste on vehicle
N = index of nodes 4 at the point 7
k = index of vehicles R: = the cumulative route of vehicle 4.
Parameters: M;e = start of service time of vehicle £ at the
S = volume of waste in node 7 point 7
Wi = capacity of vehicle £ xi = 11if 7and j are, respectively, the origin and
k = unit-distance running cost of destination of vehicle £, 0 otherwise (binary
vehicle £ variable)
djy = distance from node 7 to node j y& =1 1if vehicle £ is used, 0 otherwise (binary
BigM = positive constants vatiable)
i = velocity of vehicle (km/minute)
L = loading and unloading The mathematical model is used to construct the
[twa, twb]; = lower and upper of time window algorithm in determining the waste transportation route
bound at point 7 and the objective function is to minimize the distance and
Durye = duration time from node 7/ to node  cost [8], [16]. The following is a mathematical model in the
J using vehicle £ study.
Decision Variables:
fie = the cumulative volume of waste at node 7

transported by vehicle 4.

X; =R,,VkeK
Objective function: iE;M intmtk = Tk 12)
MinZ = Z Z Z deijxijk (l) x(n+m+1)1k = yk'Vk EK (13)
kek jev iev
Qix < w,,Vk eV, VieV (14)
Subject to:
Z X < 1,k € K o Qe = 0,Vk €K (15)
e Q(n+m+1)k =0,VkEeK (16)
Xije < Yio Wk € K 3  x;=0VieSvkek 17)
JENUM
o Qi =0,Vi€V,Vk €K, (18)
Xijk < Y, Vi, EV,Vk €K “)
0<fix <1VieMVkeEK (19)
inpk—prjkzo,VpeV,VkEK ) N
eV Jev xijx ={0,1},Vk €V, Vi,j €V, (20)
i£p p#j
Z Z yi ={0,1}, vk € K @1)
xl-jk = 1, VJ EN
kek iev © dij ... ..
i#] Duryj, = v—k,VL,], k,i+j (22)
Z foe=1,ViEM, @ My > 0,Viki#1 23)
kek
. X1, =0,Yk €K
> % 2 fu Vi € M, VK € K § L T (24)
jev
i . i tWai < Mik < thL,VL € V, Vk € K (25)
Qi+ Sj— Qjx < (1 —x;;) BigM,Vj e N,Vi€ V,Vk € K, )

. . R o< —_ [ i i
Que + feS; = Qe < (1 = xic) BigM,Vj € M,Vie V,VkeK  (10) My + Ly + Duryjp, < My + (1= x5). BigM, v (i, )) € V,Vk € K (26)

Z Xitn+m+1k = Vio Vk €K (11) Z Z Foe X = Z Z fie- X VK € K o7
iENUM iENUM JENUM iENUM JENUM
[£5] i#]
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Constraint (1) minimizes the distance traveled and
traveling costs. Constraint (2) states not all of the vehicles
will leave the depot. Constraint (3) ensures that the
vehicles leaving the depot will be used to transport waste
and constraint (4) guarantees that no node is visited by
unused vehicles. Constraint (5) stipulates that the vehicle
must leave the visited node. Constraint (6) and (7)
correspond that collection point with the volume of waste
less than equal to the maximum capacity of the vehicle will
be visited exactly once (§; < max {w;} while constraint (8)
states that collection point with the volume of waste
greater than equal to the maximum capacity of the vehicle
will be visited more than once (§; = max {w:}). Constraint
(9) and (10) ensure the amount of waste transported by
vehicles will increase when the vehicle leaving the
collection point. Constraint (11) enforces that each used
vehicle must visit the treatment facility. Constraint (12)
shows the number of trips, in other words, it is the
frequency of each vehicle visiting the treatment facility.
Constraint (13) imposes the vehicle has been used must
return to the depot. Constraint (14) and (15) keep the
amount of waste collected at each stop within the vehicle
capacity constraint. Constraint (16) guarantees that the
collected waste volume is reset to zero once the vehicle
has visited a treatment facility, as well as in the particular
instance when the vehicle leaves the depot. Constraint (17)
and (18) stipulate that there is no trip on the same node
while constraint (19) and (20) are a non-negative
constraint. Constraint (21) imposes the binary condition.
Constraint (22) states the correlation between travel time,
distance, and speed. Constraint (23) ensures the start of
service time is positive. Constraint (24) avoids paths from
the collection point to the depot (the treatment facility is
visited before coming back to the depot). Constraint (25)
is a time window constraint for each collection point.
Constraint (26) is service time from each collection point
and constraint (27) states heterogeneous fleet constraint
which the vehicle with the largest capacity will transport
waste from the collection point with the largest volume of
waste and so on.

4.1. Route Determination Algorithm

The mathematical model is used to build the
algorithm to determine the waste transportation route, the
route determination uses the nearest neighbor algorithm
approach. Following is the steps to determine the waste
transportation route using the nearest neighbor algorithm
approach:
®*  Determine the number of vehicles and the capacity
of the vehicle that will be used (Set K= {1,...,£}) and
the location of the depot.

®=  Determine the collection point to visit with the
largest volume of waste ($)) and with the closest
location from the depot by considering the time
windows from each collection point (#wa, 1wb).

= For the collection point with the largest volume of
waste (§) will visit by vehicles with the largest

capacity (#) and vehicles will immediately visit the
treatment facility to unloading the waste if Wk =< §;
while if W& = §; then the vehicle will visit the next
collection point.

®  Calculate the residual at the collection point after the
transportation process (8 widwat = Si iinat - We) of
calculate the remaining capacity of the vehicle after
piCking process (Wk residnal = W/ﬁ initial = S/)-

®=  For collection point with the closest distance from
the depot will visit by vehicle with the smallest costs
and must satisfy the existing time windows (wa, 1wb).

*  Calculate the remaining capacity of the vehicle after
transporting waste from the collection point (W rsidua
= Wi iiiar - S) it We = 8i, while calculating the
remaining volume of waste in the collection point (§;
residnal = S 7 initial Wk) if Wk < 7

= If Wr = S, then the vehicle will go to the next
collection point by considering the minimum
distance and availability of time (M = #wb), if the
time doesn’t satisfy (M;e = /wb) then the vehicle will
go to the treatment facility to unload the waste and
return to the depot. Then if Iz < S then the vehicle
will go to the treatment facility to unload the waste.

*  From the treatment facility, the vehicle will go to the
closest collection point if the cost is minimum,
compared to other vehicles and still satisfy the time
limit (Mi < #wb). Otherwise, the vehicle will return to
the depot.

*  From the next collection point, the vehicle will go to
the remaining collection point by considering the
closest distance and minimum cost, compared to
other vehicles and still satisfy the time limit (M;e <
twbh). Otherwise, the vehicle will return to the depot.

= If all of the collection points still haven’t visited and
the collection point still has the remaining volume of
waste then go back to step 1.

5. Computational Experiments
5.1. The Numerical Test

A numerical test is performed to verify the
mathematical models that have been developed. The
mathematical model test is using Lingo 17.0 software. The
mathematical model test from model development is
using dummy data, testing of dummy data is take 6 trials
with different amounts of data i.e. 5 nodes, 6 nodes, 7
nodes, 8 nodes, 9 nodes, and 10 nodes. The function of
testing data with a different number of nodes is to
compare the running time from each amount of data.

Figure 2 shows the running time of dummy data will
increase if the number of nodes to be visited increases. In
addition to the running time, the results of numerical tests
show that the constraints have been fulfilled and the status
of the solutions for each dummy data test reaches global
optimal.
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3:16:20

0:00:02 = 0:00:06 = 0:01:31 = 0:04:12 m 0:06:55
Dummy 5 Dummy 6 Dummy 7 Dummy 8 Dummy 9 Dummy
10

Fig. 2. Running Time of Lingo 17.0 Software on Dummy
Data.

5.2. The Real Case Study

The waste transportation model that has been
developed will be implemented in Cakung District, East
Jakarta. Cakung District has 25 different collection points
that are used in this research, the collection points are
spread over 7 villages i.e. Rawa Terate Village, Pulo
Gebang Village, Cakung Barat Village, Cakung Timur
Village, Ujung Menteng Village, Jatinegara Village, and
Penggilingan Village. The vehicle was officially obtained
from the Jakarta Environment Agency. The following are
the assumptions in the study:

*  Only have 1 depot.

®  Only have 1 treatment facility.

= The cost of travel per km is approximated by the
travel distance.

* Loading and unloading time are 45 minutes.

®*  The number of time windows [0.480] indicates the
driver works for 480 minutes or 8 hours.

=  All vehicles have the same velocity (30 km/hour)

®* Node 1 declares depot and the last node declares
treatment facility (TF).

= BigM = 100000.

= All of the vehicles are in good condition.

Table 1, 2 and 3 show the data in Rawa Terate Village
for example. Table 1 shows the waste volume and time
windows. Depot and TF do not have anything to be
picked, and the whole trip must be performed within 480
minutes or 8 hours.

Table 2 indicates the distance between nodes. There
is no distance between the same nodes. Rawa Terate
Village is nearer to the Depot rather than to the TF. The

Table 3 reveals the number and capacity of vehicles
and travel costs per km. There are six vehicles with three
farthest node from the TF is Node 2, which is 28.6 km
away.
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different capacity, dedicated to this particular village. The
various capacity also means the variety of travel cost,
which is ranging from IDR 12000 to 30000 per km.

Table 1. Location, Waste Volume and Time Windows for
Rawa Terate Village.

Time Windows

Location Volume (m?3)
twa twb
Depot 0 0 480
Node 1 42 0 480
Node 2 12 0 480
Node 3 6 0 480
TF 0 0 480

Table 2. Distance Matrix in Rawa Terate Village. (km)

Depot Nodel Node2 Node3 TF
Depot 0 5.4 5.6 4.5 30.1
Node 1 7 0 1.5 0.85 27
Node2 74 1.5 0 1 27.7
Node3 6.4 0.85 1 0 26.4
TF 32.7 26.8 28.6 28.4 0

Table 3. Capacity, Travel Costs and Number of Vehicles
in Rawa Terate Village.

Vehicle Capacity Travel Cost

Code

(m?) (IDR/km)
1 15 30000
2 15 30000
3 10 20000
4 10 20000
5 6 12000
6 6 12000

Table 4 shows the generated routes based on the
available data in 7 different villages in Cakung District.
This problem is solved using both Lingo 17.0 and the
developed heuristics algorithm. This model successfully
reduces the amount of waste that is not transported to
zero in all villages. Even more, the global optimal solution
has been reached with different computational time
ranging from 0.11 seconds to 3 minutes 47 seconds.
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Table 4. Generated Route in Cakung District

. Transported Completion Time
Vehicle Route Wastf (m?) g\’[inute)
Rawa Terate Village (60 m?)

Vehicle 1 (15m?*) Depot — Node 1 — Node 2 — Treatment Facility — 15 268,6
Depot

Vehicle 2 (15m®) Depot — Node 2 — Treatment Facility — Depot 15 220,2

Vehicle 3 (10m?® Depot — Node 2 — Treatment Facility — Depot 10 220,2

Vehicle 4 (10m?® Depot — Node 2 — Treatment Facility — Depot 10 220,2

Vehicle 5 (bm?®)  Depot — Node 2 — Treatment Facility — Depot 4 220,2

Vehicle 6 (6m®)  Depot — Node 3 — Treatment Facility — Depot 6 2172

Cakung Barat Village (29 m?)

Vehicle 1 (15m?® Depot — Node 4 — Node 5 — Node 6 — Treatment 15 319
Facility — Depot

Vehicle 2 (15m®)  Depot — Node 7 — Node 8 — Treatment Facility — 14 267,6
Depot

Cakung Timur Village (12 m?)
Vehicle 1 (6m?*)  Depot — Node 9 — Treatment Facility — Depot 6 236
Vehicle 2 (bm®)  Depot — Node 9 — Treatment Facility — Depot 6 236
Pulo Gebang Village (29 m?)

Vehicle 1 (12m?* Depot — Node 10 — Node 11 — Node 12 — 12 309,8
Treatment Facility — Depot

Vehicle 2 (12m®)  Depot — Node 13 — Node 14 — Node 15 — 11 312,4
Treatment Facility — Depot

Vehicle 3 (6m®)  Depot — Node 16 — Treatment Facility — Depot 6 2242

Jatinegara Village (37 m?)

Vehicle 1 (16m?* Depot — Node 17 — Treatment Facility — Depot 16 218

Vehicle 2 (10m?®  Depot — Node 18 — Node 2 — Treatment Facility 10 266,8
— Depot

Vehicle 3 (10m?® Depot — Node 2 — Treatment Facility — Depot 9 221,6

Vehicle 4 2m?®)  Depot — Node 2 — Treatment Facility — Depot 2 221,6

Penggilingan Village (24 m?)

Vehicle 1 (12m?* Depot — Node 19 — Node 20 — Treatment Facility 12 265,2
— Depot

Vehicle 2 (12m®*)  Depot — Node 21 — Node 22 — Treatment Facility 12 264,2
— Depot

Ujung Menteng Village Route (22 m?)

Vehicle 1 (16m?*) Depot — Node 23 — Node 24 — Treatment Facility 16 2722
— Depot

Vehicle 2 (6m®)  Depot — Node 25 — Treatment Facility — Depot 6 2224

Annotation:

Node 1; Swadaya Street Node 13: Pulo Gebang Flat

Node 2: KRT Radjiman Street Node 14: PTUN

Node 3: Damri Node 15: PLN

Node 4: Palad Street Node 16: Rawa Bebek Flat

Node 5: Albo Flat Node 17: Arion

Node 6: Komarudin Street Node 18: Polo Jahe Flat

Node 7: Cakung Market Node 19: Penggilingan Street

Node 8: Tipar Cakung Flat Node 20: Komarudin Flat

Node 9: Mahakam Street Node 21: Pinus Elok Flat

Node 10: Soemarno Street Node 22: Dr. Soemarno Street

Node 11: Terminal Node 23: Raya Bekasi Street

Node 12: Post Office Node 24: Metland Housing

Node 25: Rawa Bebek Street
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6. Conclusion

The WCVRPMTTWSDHFIF model for determining
the waste transportation route in Cakung District using
the nearest neighbor algorithm approach has successfully
reduced the amount of waste that is not transported from
each village to zero. Reduced waste always means a good
impact on the process as a whole [30]. The determined
route reaches the global optimal solution. The running
time is exponentially and positively related to the number
of nodes.

From the managerial point of view, this paper shows
the importance of minimizing the transported waste in a
particular area. This ensures the fleet management in
optimizing fleet usage and effectiveness. When the fleet is
used appropriately under the right assignment, there is no
need to purchase an additional fleet, unless for
replacement. When the condition leads to replacing the
fleet, replacement analysis may be conducted in the future.

This paper assumes that the waste is ready to be
picked at time zero. Therefore, this model needs to
assume the waste arrival time at the collection points.
Further research can also develop the model by
considering the driver break time, the refueling location,
and by using other heuristic methods such as sequential
insertion or using metaheuristic methods such as
simulated annealing, tabu search, ant colony, and particle
swarm optimization. When the vehicles are waiting at
customers and facilities, a cost or penalty may be given
[28]. This condition could ensure the vehicle will be
coming back to the depot as soon as the job has been done.
It is also interesting to compare the fleet preventive
maintenance policy where both periodic maintenance and
routine maintenance [31]. This action may contribute to
the availability of the fleet, which is still assumed ready
every time in this paper.
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