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Abstract: The increase in population in Indonesia, partidylarthe city of Makassar, will be followed by @&rcrease in
the volume of waste generated. Tamalate Distrigpaat of Makassar City, has a waste generatiamwlof 583 m3/day,
requiring waste management to be addressed threagte collection services to handle the amountasftevproduced.
This study identifies the existing conditions afgiasaki truck service routes to obtain data ovicetocations, number
of vehicles, travel distance, travel time, and apienal costs. The identification shows that themee 37 waste disposal
sites served by 11 trucks at night, but the wastesportation is considered inefficient due to tinelerutilization of
vehicle capacity. This study aims to optimize waséasportation routes with using the saving matnigthod by
maximizing vehicle capacity. The saving matrix noeths used to evaluate fleet requirements on egstutes by
considering vehicle capacity, working time, andietermined fuel consumption. The research redutta shat proposed
routes with the implementation of the saving matmethod can reduce the number of tanker trucksfigetm 11 units to
9 units. The efficiency of travel distance is 21, freviously 294.4 km/day reduced to 230.4 km/ddne efficiency of
travel time is 8.9%, previously 2,063 minutes/daguced to 1,880 minutes/day by maximizing the warkime of each
service route and operational cost efficiency wittine month of service is 22.6%, previously IDR339,000.00 reduced
to IDR 76,900,320.00.

1 Introduction routes. Tamalate District has a fleet of 99 VIARS,

The swift expansion of urbanization and populatiorfangkasaki trucks, 10 barge trucks and 11 wasteaicen
coupled with industrial and material transformasiohas Units. This research focuses on the Tangkasak truc
led to a crisis in urban solid waste management, Planning efficient waste transportation routes and
particularly in developing countries, as a majoaltinge  Schedules is the most important thing in improvthg
to sustainable developmen [1]. South Sulawesi Roevis ~Waste transportation system. Selecting a vehiclerwill
ranked 9th as the province with the |argest pomﬂan determine the total distance traveled by the ﬂset the
Indonesia. Tamalate District is one of the subridistin ~ Optimal route is the goal of determining the waste
Makassar City [2]. According to data from the Madars Ccollection route by getting the shortest possiblete from -
City Environmental Service, Tamalate District ig $ub- WDS (Waste Disposal Site) to FDS (Final Dispos&)Si
district with the second highest volume of wasteayation With as few obstacles as possible. In its impleatgon,
(583 m3/day). In implementing the waste probleng thconsidering the r_eal conditions in the field, tharg many
number of facilities and infrastructure for trangjmy factors that can influence the waste transportgiiocess
waste in Tamalate District can be said to be sefficto SO that it is not optimal [3]. Several factors tirdtuence
overcome the volume of waste generated every dayn F the waste transportation process include inefficiese of
the results of observations, the number of wastorking time, inappropriate use of vehicle loadaity,
transportation fleets in Tamalate District is daddinto inefficient transportation routes, the volume ofteapiled
several types of vehicles and different servicégassent Up at each WDS, the behavior of officers , and poor
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accessibility [4].

Waste collection heavily relies on route optimiagti
which demands substantial investments in capigdor,
and variable operational expenses. As collectiane®

The optimal route is closely linked to vehicle iogt
problems. The Vehicle Routing Problem (VRP) iswcal
problem in combinatorial optimization that entails
determining the optimal set of routes a fleet dfivkes

become more efficient, both costs and environmentshould travel in order to serve a particular custogroup
impacts decrease [5]. Traditional waste managemdif]. Significant advancements have been made én th
systems, which typically follow fixed schedules andechniques used to model and solve both standadd an

predetermined routes, often suffer from inefficiescThis
method may cause collection vehicles to make urssacg
trips to bins that are not yet full, leading toremsed traffic

capacity VRPs, as well as their various variants.
Researchers and practitioners have developed more
efficient and precise solution algorithms, alongthwi

congestion and higher operational expenses. Morgovanproved models, enabling them to address large-sca

these inefficiencies contribute to greater fuelstonption
and higher greenhouse gas emissions [6].

problems more effectively [13].
The relationship between time and distance is not

One method to obtain the shortest route with mamimualways straightforward. It's evident that relyirgedy on

waste the capacity is determined using the saviatixn
method combined with the nearest neighbor appradth.
method involves identifying the sequence of disttitm

distance or time functions doesn't yield the meslfistic
or optimal outcomes. When there is no traffic catiga,
distance and time are perfectly correlated. In stases,

routes to be followed and determining the number dhe route optimized for distance will also be thens as

transport vehicles required based on their capaityey
feature of the saving matrix method is its abii@ygchedule

the one optimized for time, and both will match tbete
where all costs are minimized. However, when facliée

a limited number of vehicles while considering thecongestion, fluctuating demand, accidents, or readirs

maximum capacity of both similar and different typef
vehicles. Additionally, this method applies mergpaints
in a single step and takes vehicle capacity intmant
throughout the process [7].

come into play, the results from these different
optimization methods will diverge [8]. This limited
coordination has been a factor for inefficient pliag of
services and infrastructure which includes facltiyation,

This research focuses on determining the existimglocation of communities, medical referrals, arad

condition of the waste transportation service route

transportation [14].

Tamalate District based on vehicle capacity and the

number of tangkasaki truck fleets as well as dateng
the optimal transportation route and number otfdea the
waste transportation service route in the Tamdadédgrict

2.2 Nearest neighbour
Using a random example, the performance of the

Variable Neighbourhood Search (VNS) method is aesks

area based on route determination using the metfiodin relation to our problem [15]. Neighbor set madale

saving matrix.

2 Literaturereview
2.1 Routeoptimization

designed to handle incomplete, imprecise, and teioer
data. These models have found applications in wario
fields, including anomaly detection and data cfasgion.

However, many existing neighbor models strugglenwit

Traditional methods for optimizing freight deliveryinappropriate neighborhood radius selection and tzfc

routes mainly focus on minimizing costs based stadice.
Newer approaches, however, also aim to minimize &g
an objective. Despite this, the relationship betwtme
and distance is not always straightforward, andtrthde-

adaptability. To address this, an improved k-neares
neighbor model is proposed, where the distanceeseas
the k-nearest neighborhood radius, leading to more
accurate granulation results and a more effectiognaly

off between the two can be complex [8]. Wastéletection model [16].

transportation is one of the several benefits dinugd
routes, which is why they are necessary. Wasteatan
is an essential part of the waste management systeain
the costs involved in this procedure account fdarge
amount of the total cost of disposing of waste [Bhe
primary goals of optimizing waste collection routes to
minimize the total route length by selecting thersst
path that covers all destinations, reduce traves tio visit
all locations, and keep costs as low as possibiteatomize
overall benefits [10]. Many site selection techmgunave
evolved alongside research on waste collectioresand
solution algorithms. To maximize the efficiency thie
waste collecting operation, an algorithm is needster
than following a predetermined path [11].

Nearest neighbor-based approaches are well-
established strategies that continue to be usealubeoof
their effectiveness [17]. The customer neareshéofirst
one visited is the next one on the route, and sauotil
every customer is on the path [18]. The followiteps are
involved in applying the Nearest Neighbour algaritiro
ensure that the total number of requests in theeoturoute
does not exceed the vehicle's capacity (Q), we atahe
depot and visit exactly one client (vertex) fromckea
cluster. The procedure is repeated from the dembttlze
closest unvisited client from any unvisited clusisr
selected next if the total number of requests éendrrent
route above the vehicle capacity. This keeps gaimi
every cluster has been visited; after then, therdkgn
stops. The end result is a collection of routeshed which
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has precisely one client from every cluster indtder that so that it can be seen that the route is lessahaqual
they were accessed [19]. The Nearest Neighboritigws to the capacity of the transport equipment.

are straightforward to implement and fast to exechtit 4. Sorts WDS on a route, at this stage the aim is to
their greedy approach can sometimes result in ngssi  minimize the travel distance that each means of

shorter, more optimal routes. The specific stepshef transport must travel. To obtain optimal transpata
Nearest Neighbor algorithm are detailed in [20]: routes, two stages can be carried out, namely
1. A starting vertex will be selected at random. determining the initial delivery route for each ic
2. The edge that joins the current vertex to an utedsi using the Nearest Neighbor procedure and making
vertex with the smallest weight will be chosen. improvements to routes that are not feasible.
3. Vertex V represents the current vertex V.
4. Vertex V has a visited mark. 3 Methodology
5. After visiting every vertex in the domain, the This research is a quantitative research utilizing
procedure will end. historical data. The time of the research was edmut in
October - November 2023 and the object of thisaete
2.3  Saving Matrix was the waste transportation service route in Tai®alb-

One method for determining the best paths for produdistrict, Makassar City. The data sources condigtoth
delivery to marketing regions is the Saving Mathixorder  primary and secondary data.. Primary data is dat&ired
to ensure the shortest routes and reduce transportadirectly from observations and interviews with pest
costs, it entails figuring out the necessary roates the involved in waste transportation service activitigs
number of vehicles based on their capacity. Thgamalate District, Makassar City to formulate reska
deployment of vehicles from facilities with diffete problems. In contrast, secondary data refers twrimdtion
maximum capacity is also planned using the Saviagil not directly collected by the researchers but oleti
approach [21]. Steps for using the saving matrigwe:  through intermediaries or documentation related/aste
1. Constructing the distance matrix can be done usingansportation service activities in the Tamalaistrit,

Google Earth application, Google Maps, or manuallakassar City.

calculations with a speedometer.

2. Creating the savings matrix involves merging twe. 1 Service route tangkasaki truck

potential WDS into a single truck to optimize diste, The problems that exist in transporting waste i@ th

time, and transportation costs. If S(x,y) represe¢he  Tamalate District area, especially on the Tangkidsask

distance saved—such as in a route from the centi@ryice route. The main cause of determining engsti
starting point— point x — 14 point y— back to the service routes that are not optimal is due to Hrgel

center—then the equation to determine the savinggimber of service location points and not maxingzin

amount is: vehicle capacity on each route based on the transpo
_ _ volume of each truck. This causes the total diganc
S(x,y) = Dist(Pusat,x) + Dist(Pusat,y) — traveled, total travel time and operational costise high.

Dist(x,y) (1) So we will determine the optimal route and evaluhte
needs of the Tangkasaki truck fleet using a continaf

3. Allocate WDS to a transportation route. The fifslps  saving matrix and nearest neighbor methods. Thefitbe

is that each WDS is allocated to a different track saving matrix method begins by determining theadise
route. The second step is to combine the two rout@satrix that connects the FDS and each WDS. Negt, th
based on the largest distance savings obtained) usirgest savings value is calculated and it willaiecated
equation (1) and checking whether the combinaton {o a new route taking into account vehicle capacity
feasible or not. It is said to be feasible if tlal  Allocation into a route will be combined with thearest
shipments that must be passed via that route do nfdighbor procedure to get a more optimal solutiomfthe
exceed the capacity of the transport equipmenutéRo previously formed route by prioritizing the closest
combinations are focused on saving the greateséighbors on the route to be visited. The propasete
distance in order to obtain distance efficiencytlet uysing the saving matrix method is known to prowidek
the time traveled will be faster. Checking the Itotagnd service efficiency in the waste transportafiorcess
amount of shipments via a route is done by lookitg in the Tamalate District area. The first step iedaine the
the distance between the largest savings. Whatris d |ocation of WDS use the coordinates of the existing

after selecting the distance with the greatestngmvis Tangkasaki truck route as in Table 1.
to add up the WDS pairs that have the greateshgavi
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Table 1The coordinates of the existing Tangkasaki truckeo
Truck Route WDS Coordinat Volume WDS Total
number Code Latitude Longitude (m%day) (m%day)
Al 5°1021.51" | 119°25'54.86" 3.0¢4
A2 5°10'4.09"¢ | 119°25'54.46"] 1.8¢
011 I A3 5°10'6.56"¢ | 119°25'46.70" 1.4¢ 8.10
A4 5°10'18.93" | 119°25'43.63" 0.9¢
A5 5°10'24.20" | 119°25'47.37" 0.72
Bl 5°10'19.63" | 119°25'38.21" 1.0Z
B2 5°10'21.86" | 119°25'14.37" 2.71
e L B3 5°10'14.54" 119°257.57" 3.1¢ 10.04
B4 5°10'65.90"¢ | 119°25'15.84" 3.07
C1 5°10'2.73"¢ | 119°25'11.11" 2.0¢
C2 5°10'1.11"¢ 119°25'7.60" 0.7¢
C3 5°10'10.80" 119°25'2.91" 2.8¢
i i C4 5°10'15.55" | 119°24'50.35" 1.5¢ 10.95
C5 5°10'9.92"¢ | 119°24'48.39" 1.5¢
C6 5°10'6.27"¢ | 119°24'59.90" 2.07
D1 5°10'24.81" | 119°24'56.82"| 3.67
047 v D2 5°10'39.06" | 119°24'49.65"| 1.32 8.51
D3 5°10'30.74" | 119°25'0.08"| 3.52
El 5°10'52.51" | 119°24'57.47" 1.9¢
E2 5°10'52.33" | 119°24'46.55"| 2.4
E3 5°10'54.41" | 119°24'34.00" 1.7i
D v E4 5°10'43.86" | 119°24'44.40" 2.5¢€ 12.22
ES 5°10'48.91" | 119°25'0.79"| 2.51
E€ 5°10'54.84" | 119°25'7.85"| 0.9t
F1 5°10'42.41" | 119°24'24.42" 3.3¢
156 VI F2 5°10'39.85" | 119°24'19.15" 2.8¢ 8.24
F3 5°10'46.74" | 119°24'21.53"| 2.0C
G1 5°10'7.38"¢ 119°24'5.00" 3.7¢
i Vil G2 5°9'69.14" | 119°24'17.04"| 2.9¢ 6.77
021 VI H1 5°10'58.15" | 119°26'25.20" 5.9¢ 5.9¢
X1 5°10'57.72" | 119°25'67.82" 10.5 10.50
166 IX 11 5°11'13.85" | 119°25'62.26" 5.74 5.74
X1 5°10'57.72" | 119°25'67.82"| 10.5 10.50
J1 5°11'11.98" | 119°25'32.28" 1.74
074 X Jz 5°11'24.14" | 119°24'51.06"| 3.5¢ 8.70
J3 5°11'6.50"¢ | 119°24'51.27" 3.40
K1 5°11'4.33"¢ | 119°25'21.17" 3.1¢
s Xl K2 5°10'41.91" | 119°25'35.03" 4.8¢ 8.07

The volume of waste generated at the WDS in eathe author and the head of the cleanliness sedcifon
Tangkasaki truck service route is based on theltsesfi Tamalate District as in table 1. Based on the doatd
observations of the average waste generation peicse data of 37 WDS points shown in table 1, it will be
route. So it can be assumed that the volume ofewastisualized into 11 service routes marked with défe
generated every day at each WDS is the same. Mdanwhcolors using Google Maps. The existing route of the
determining the size of the waste volume from esabte Tangkasaki truck in Tamalate District is shown igure 1.

source at the WDS is the result of brainstormingvben
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Go gle My,Map

Figure 1 Existing Route of Tangkasaki Truck

Mileage is calculated based on the total distanm@ f 3.2  Distance traveled and fuel consumption on
the depot (FDS) to each service route (WDS) andt tac existing route
the depot (FDS). Calculation of distance travelsidgithe Mileage is calculated based on the total distanme f
get directions feature on Google Earth. Basedenasults  the depot (FDS) to each service route (WDS) ané tmc
of the interview, the route that must be taken ftbmFDS the depot (FDS) Calculation of mi|eage using thed g
back to the FDS must be within the Makassar Cigaar directions feature on Google Earth. Based on theltsof
Data on the distance traveled from the existinggkasaki the interview, the route that must be taken from DS
truck route in Tamalate District is shown in theblea2.  pack to the FDS must be within the Makassar Cigaar
The fuel consumption of Tangkasaki trucks can &80 Data on the distance traveled from the routes nfjKasaki
seen in Table 2 with the assumption that the aeefa@l trycks in Tamalate District is shown in Table 2.
consumption of each truck can reach 5 km/liter. fithe Fuel consumption on the existing Tangkasaki truck
allowance is given because the average actual fuglte in Tamalate District is known based on ttseilts of
consumption per truck is 7.5 liters/day. In pror@li interviews with truck drivers. The average fuel
services, each Tangkasaki truck is given a fuemalhce  consumption of each truck can reach 5-6 km/litdvictvis
of 7.5 liters/day. So, in one day of service thialtéuel pecause during service the truck engine must reiuikrig
Consumption of all Tangkasaki trucks in Tamalatstiist or in conditions such as stop and go and is alhoeimced
is 82.5 liters/day. If it is assumed that the poeliesel is  py the weight of the waste load. So, it can berassithat
IDR 6,800.00 per liter, then the fuel costs are IDfhe fuel consumption of a Tangkasaki truck is 5liket/
561,000.00 per day or IDR 16,830,000.00 per montfctual fuel consumption is obtained from the tatistance
assuming 1 month, namely 30 days. traveled by each truck divided by fuel consumptjmr
liter. This has absolutely no effect on the fudbwhnce
given because the average actual fuel consumpgon p
truck is <7.5 liters/day and it shown in Table 2.

Table 2 Distance traveled and fuel consuption @nekisting Tangkasaki truck route

Truck Codi | Route Route Flov Mileage (km/day | FuelConsumption (liters/da
011 | FDS-A1-A2-A3-A4-A5-FDS 24.8 4.9€
02% 1] FDS-B1-B2-B3-B4- FDS 22.2 4.44
14¢ 11 FDS-C1-C2-C3-C4-C5-Ce- FDS 254 5.08
047 v FDS-D1-D2-D3- FDS 24.3 4.8€
01z V FDS-E1-E2-E3-E4-EE-E6- FDS 217.0 5.4
15€ VI FDS-F1-F2-F3- FDS 27.9 5.58
167 VII FDS-G1-G2- FDE 30.7 6.14
021 VIII FDS-H1-X1- FDE 28.2 5.64
16€ IX FDS-11-X1- FDS 21.2 5.44
074 X FDS-J1-J2-J%- FDS 28.7 5.74
054 Xl FDS-K1-K2- FDE 28.0 5.6
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Travel time is calculated based on two aspectseham hours are determined outside of the time for wdisigosal
the total time during the journey from and backthe at the landfill due to the large queue of rubbisicks so it
landfill and the time required for loading and wading the takes a long and uncertain time. Travel time daten fthe
waste from the landfill into the truck. Travel tirgeeatly existing route for each tangkasaki truck in Tanealat
influences the working time of workers (drivers amaids) District is shown in the Table 3.
which has been set at 4 hours (240 minutes). Workin

Table 3 Travel time on the existing Tangkasakikmazite

Truck Code| Route tym trps-wpsa | twpst-rps Lotal
011 I 98 26 31 15E
028 Il 127 27 25 17¢
14§ 1 18¢ 29 29 244
047 v 11F 29 28 172
012 \Y 14¢ 32 30 211
15€ ) 12¢ 34 34 194
167 Vil 63 38 36 137
021 Vil 15: 32 29 214
16€ IX 95 32 29 15€
074 X 17t 35 35 24~
054 Xl 93 32 31 15€

tym : Loading and unloading time (minutes/day)

teps—wpsa . Travel time from FDS /landfills to WDS /tempoyashelter (minutes/day)
twpst—rps . Travel time from WDS /temporary shelter to FEhdfills (minutes/day)
trotal : total time (minutes/day)

Based on the travel time data for the existing goutsalaries (drivers and maids). From the results hef t
shown in table 3, it is known that the Tangkasaktks interview, each truck received a fuel allowancé5fiters
with codes 148 and 074 exceeded the specified ngrkifor two days of transportation service. So it isumsed that
time limit. This is because the condition of WDS &@# one day each truck gets 7.5 liters of fuel. Meatwyhi
C6 on the route served by the Tangkasaki 148 tnaskko workers' salaries are divided into basic salary daitly
reach the last road section that borders Mamajastgi@®, wages for the driver and two garbage collector. The
so the truck has to turn around and continue to \EBS  calculation of the total costs incurred in one rhofar

workers' salaries is an assumption if in one fudhth (30
3.3 Operational costs of existing route days) all workers have carried out their duties and

The operational costs of Tangkasaki trucks in Tateal obligations Salary data for Tangkasaki truck woskier
District are divided into fuel costs (diesel) andrkers' Tamalate District is shown in table 4. One truckehane

driver and 2 garbage collector.

Table 4 Salaries of existing route

Basic salary Daily salary Total
Type @FiEneEr | Amalt (per month (per month (per month
LiScHIlivel 11 IDR1,000,000.00 IDR50,000.00  IDR 82,500,000.00
Garbage collect 22

From the calculation results between worker saarief Results and discussion

and fuel costs incurred, the expenditure for opemat 41 Savings matrix proposed route

costs in one month can be seen in Table 5, whiotvsia Data processing is carried out using the savingimat
total cost of IDR 99,330,000.00 per month. method and combined with the nearest neighbor iéthgor
to obtain a more optimal solution from the existiogte

Table 5 Total cost as in Table 6. The result of using a saving masixo

S5 Total Cost (per mont combine two routes based on saving the distance the
Salarie IDR 82,500,000.C largest until all points have been combined. It ¢mn
Fue IDR 16,830,000.C calculated using equation (1) and checking theitiéitg

of the combination so that it does not exceed thekt
capacity.
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Table 6 Allocation ofWDS to truck routes Truck Route Combin Savinc
Truck Route Combin Saving 7 D1EZ 1.5
1 Al1B2 19.1 8 ESE¢ 1.5
1 A1A5 18.8 8 J1K1 1.5
1 Al1B1 18.1 6 J3KZ 1.2
1 AlA2 18 3 CACE 1.1
1 AlA3 18 3 CACE 1.1
1 AlA4 18 5 E3F] 1
2 H1l11 8.8 8 D3J] 0.5
3 G1Gz 4.6
4 CicC: 3.9 The final step is to sort the WDS that have been
5 F1FZ 3.7 combined on a route. In ordering WDS hat have been
5 F1F: 3.7 merged, you can use the nearest neighbor procedure
4 Cl1C: 3.3 determine the initial transportation route at e&¢bS.
6 J2J! 3 Apart from considering vehicle capacity, when surti
4 B3B4 2 routes, travel time (<=240 minutes) and fuel usage.5
7 D1D2 1.7 liters) will also be considered. The following ip@oposed
7 D1EZ 1.6 route for a combination of saving matrix and neares
7 D1E1 16 neighbor which is shown in Table 7.
Table 7 The proposed route is a combination ofrepmiatrix and nearest neighbor
Rute Alur Rute WSe DT T FC
I FDS-A1-A2-A3-A4-A5-B1-B2- FDY 11.8¢ | 244 | 21€ | 4.88
Il FDS-I1-H1- FDE 11.72 | 240 | 23t | 4.8C
1 FDS-C4-C5-C6-G2-G1- FDS 11.9¢ | 304 | 197 | 6.08
Y FDS-C1-C2-C3-B3-B4- FDS 11.98 | 230 | 22¢ | 4.6C
\Y FDS-E3-F1-F2-F3- FDS 1001 | 271 | 207 | 542
) FDS-K2-J2-J3- FDE 11.85 | 265 | 237 | 5.3C
Vi FDS-D1-D2-E1-E2-E4- FDS 1198 | 255 | 207 | 5.1C
Vil FDS-D3-E5-E6-K1-J1- FDS 11.9C | 263 | 23¢ | 5.2¢€
IX FDS-X1- FDE 105C | 232 | 114 | 4.64

WS = Waste volume (m3/day),

DT = Distance traveled (km/day),
TT =Travel time (minutes/day),

FC = Fuel consumption (liters/day).

The calculation results show that the waste
transportation service routes in Tamalate Diswam be 4.2 Distance traveled and fuel consumption on
eliminated into 9 routes. Each route will be serlsgdne route saving matrix
trUCk, so there is a reduction of 2 trucks from eh$t|ng Based on the results of data processing’ a proposed
route of 11 trucks to 9 trucks on the proposedeolihis  route is obtained with a total distance that camelieiced
of course takes into account the volume of waslthearly with a reduction in fuel consumption. The
transportation which must not exceed the capadith® fo|lowing is a table of distance traveled and reiurcin

VehiCle, the travel time which must not exceeCB’(bEI:ified fuel Consumption for the proposed route using mer@
working hours of 4 hours (240 minutes) and the fuehatrix shown in Table 8.

consumption which must not exceed the daily allaean
(<7.5 liters/ day).
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Table 8 Distance traveled and fuel consumption

Mileage Fuel Consumption
Truck Code Route (km/day (liters/day
I FDS-A1-A2-A3-A4-A5-B1-B2- FDE 24.4 4.88
Il FDS-11-H1- FDS 24.0 4.8C
I FDS-C4-C5-C6-G2-G1- FDS 30.4 6.08
1\ FDS-C1-C2-C3-B3-B4- FDS 23.0 4.6C
\Y FDS-E3-F1-F2-F3 FDS 27.1 5.42
VI FDS-K2-J2-J%- FDE 26.5 5.3C
\il FDS-D1-D2-E1-E2-E4- FDS 255 5.1C
VI FDS-D3-E5-E6-K1-J1- FDS 26.3 5.2€
IX FDS-X1- FDS 23.2 4.64
[  DisanceToal [ 2304 [ = 4608 |
Actual fuel consumption for the route proposedhm®y t t,,, : Loading and unloading time (minutes/day)

saving matrix method is 46.08 liters/day. This shdat t;pc_yps, : Travel time from FDS / landfills to WDS
the average truck fuel consumption does not exteed /temporary shelter (minutes/day).

allotted allowance of 7.5 liters/day. So, fuel sostin typs_rps : Travel time from WDS /temporary shelter
follow the proposed actual fuel consumption. Ifist to FDS /landfills (minutes/day).

assumed that the price of diesel is IDR 6,800.00i@8, t,,,,; : total time (minutes/day).

then the fuel costs are IDR 313,344.00 per dayDét |

9,400,320.00 per month assuming 1 month, namely 305 Operational costs of route saving matrix

days. The reduction in the number of trucks also has a
positive impact on operators and drivers, therelojcing

Table 9 Travel time on the existing Tangkasakikmazite costs. Previously, 11 trucks were used and the fersailt

ROUtE tym | trps-wpsa | twose-rps Leotal of the proposed route was 9 units. This is lineh the
| |16 22 30 21€ number of workers and fuel consumption. The fewer
Il |18¢ 27 22 23t vehicles used, the less labor costs must be padittse
|13z 28 37 197 fewer waste transport vehicles used, the less daetl.
IV |17¢ 27 24 22¢ Salaries and total cost can be seen in Table 10raht
V | 14¢€ 30 31 207 11, which show the total operational costs conmsistf
VI |18 25 30 237 salary costs and fuel costs. The total operationat for
Vil | 151 27 20 207 the optimized 9-truck route is IDR 76,900,320.00 pe
VIl | 17¢ 28 31 23¢ month, which is a reduction from the previous operal
IX_| 62 26 26 114 costs.

Table 10 Salaries of existing route

Basic salary Daily salary Total
Type @FiEneEr | Amalt (per month (per month (per month
U S DGl 9 IDR1,000,000.00  IDR 50,000.0( IDR 67,500,000.00
Garbage collect 18

Table 11 Total cost

Cos Total Cost (per mont
Salarie IDR 67,500,000.C
Fue IDR 9,400,320.0

4.4 Comparison of existing routes and proposed operational costs. The following is a comparisdnietaf
saving matrix routes the total distance traveled by Tangkasaki truck tevas
The proposed route using the saving matrix mettithd wiransportation services from the existing route &mel
compare the existing route with the proposed routerms ~ Proposed route using the saving matrix method.
of fleet number, distance traveled, travel time an@omparison of existing routes and proposed saviaigix
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routes in terms of fleet number, distance travelsdel
time and operational costs is shown in table 1@vel

Table 12 Comparison of existing routes and propasathg matrix routes

Existing Route Proposed Route Difference Efficiency
Nur_nber of truck 11 9 > 18.0%
(unit)
BiStanceNEnEler 294.4 230.4 64 21.7%
(km/days
Travel time 2063 1880 183 8.9%
(menit/days
Operasional Cost| | r 99 330 000.000  IDR 76,900.320.00  IDR 22,429,680, 22.6%
(per month

The comparison between the existing route and tmmamely 4 hours (240 minutes). The operational cufdtse
proposed route showcases the efficiency gains amthie proposed route using the saving matrix method predun
through route optimization. As shown in the Talilethe efficiency of 22.6%. Operational costs can be stigeed
number of trucks required is reduced from 11 to 9Qjue to areduction in the truck fleet which hasapact on
representing an 18.0% efficiency improvement. Theeducing the workforce, namely 2 drivers and 4 maid
distance traveled per day also decreased by 64 Rth,7% Apart from that, fuel costs were successfully redlic
reduction, while the travel time decreased by 18utes because the actual fuel consumption of each Taagkas
per day, an 8.9% improvement. truck was obtained.

The most significant impact is seen in the openatio Future research potential can be concentrated on
cost, which decreased from IDR 99,330,000.00 pertmo developing predictive models to optimize waste
for the existing route to IDR 76,900,320.00 per thdor  transportation routes by considering variables sash
the proposed route, a 22.6% reduction. This coshga varying waste volumes and external factors sudhaéfic
can be attributed to the decreased number of truck®ngestion. In addition, the application of bigaand
reduced fuel consumption, and lower labor costscasted  artificial intelligence technologies can be exptbréo
with the optimized route. improve operational efficiency in predicting fleeteds

The findings from this analysis demonstrate thand vehicle capacity utilization in real-time. Resd can
substantial benefits that can be achieved throdgh talso include environmental impact analysis of opéd
implementation of the saving matrix method foropzing routes, including the potential for carbon emission
waste transportation routes in urban areas. Managiemreduction in waste management in urban areas.
should consider adopting this approach to enhahee t
efficiency and cost-effectiveness of their wastReferences

management operations. By reducing the numbeudk$; [1] MOJTAHEDI, M., FATHOLLAHI-FARD, A.M.,
distance traveled, and travel time, companies cammly TAVAKKOLI-MOGHADDAM, R., NEWTON, S.:

achieve significant cost savings but also contebtd Sustainable vehicle routing problem for coordinated
reduced environmental impact and improved resource gglid waste managementjournal of Industrial
utilization. The insights gained from this studyhaquide Information Integration Vol. 23, No. 10, pp. 1-44,

managers in making informed decisions about fleet 25021.

management, route planning, and resource allocation[2] BADAN PUSAT STATISTIK (BPS RI): Sulawesi
drive operational excellence and maximize the dvera = Selatan Dalam Angka Tahu@023, BPS Provinsi

performance of their waste transportation systems Sulawesi Selatan, Makassar, 2024. (Original in
) Indonesian)
5 Conclusions [3] SLAMET, R.: Perbaikan Pengelolaan Sampah di

Comparison of existing routes and proposed routes Indonesialnovasj Vol. 21, No. 14, pp. 19-22, 2009.
using the saving matrix method. The number of (Originalin Indonesian)
Tangkasaki truck fleets was successfully reduced K] RIDHA, M.R., ABDI, C., MAHYUDIN, R.P.: Studi

maximizing vehicle capacity from 11 trucks to 9cka. Optimasi Rute Pengangkutan Sampah Kota Marabahan
The total distance travelled for the proposed rasteg the dengan Sistem Informasi Geografilikung Jurnal
saving matrix method produces an efficiency of 24.7 Teknik LingkunganVol. 2, No. 2, 2016. (Original in
The total travel time results in an efficiency c8%. The Indonesian)

results of the proposed route using the savingixnatr https://dx.doi.org/10.20527/jukung.v2i2.2310
succeeded in reducing travel time disparities ar[®] HANNAN, M.A., AKHTAR, M., BEGUM, R.A.,
maximizing the working time set by the sub-disfrict BASRI, H., HUSSAIN, A., SCAVINO, E.: Capacitated

~ 389 ~

Copyright © Acta Logistica, www.actalogistica.eu



Acta logistica

- International Scientific Journal about Logistics
Volume: 12 2025

Issue: 2 Pages: 381-390 ISSN 1339-5629

Riyani Indah

Route analysis of waste transportation vehicles in urban areas using the saving matrix method
Muhammad Rusman, Aaron Audes Vunnan Deovelente Lano, Dwi Handayani, Hasnida Ab-Samat, A. Besse

[7] INDRAWATI, N., ELIYATI, N., LUKOWI, A.

[8] ALVAREZ, P.,

[10] CHENG, X.,

vehicle-routing problem model for scheduled solid14] PEREZ-BALBOA, I.C., CABALLERO-MORALES,

waste collection and route optimization using PSO
algorithm, Waste Managemeniol. 71, pp. 31-41,
2018. https://doi.org/10.1016/j.wasman.2017.10.019

[6] NEMATOLLAHI, H., GITIPOUR, S., MEHRDADI,

N.: Comparative life cycle assessment and route

S.0., SANCHEZ-PARTIDA, D., CANO-OLIVOS,
P.: Design of logistic criteria to establish heedtte
facilities in vulnerable regions in MexicoActa
logisticay Vol. 10, No. 2, pp. 251-265, 2023.
https://doi.org/10.22306/al.v10i2.457

optimization modeling of smart versus conventiondll5] PAK, Y.J., MUN, K.H.: A practical vehicle rowuig

municipal waste collection: Environmental impact
analysis in an urban conteXesults in Engineering
Vol. 24, No. 11, pp. 1-14, 2024.
https://doi.org/10.1016/j.rineng.2024.103408

problem in small and medium cities for fuel
consumption minimizationCleaner Logistics and
Supply ChainVol. 12, No. 7, 100164, pp. 1-11, 2024.
https://doi.org/10.1016/j.clscn.2024.100164

[16] CHEN, X., YUAN, Z., FENG, S.: Anomaly deteatio

Penentuan Rute Optimal pada Pengangkutan Sampah based on improved k-nearest neighbor rough sets,

di Kota Palembang dengan Menggunakan Metode

Saving MatrixJurnal Penelitian Sainsvol. 18, No. 3,
pp. 105-110, 2016. (Original in Indonesian)
SERRANO-HERNANDEZ, A,
LERGA, I., FAULIN, J.: Optimizing freight delivery
routes: The time-distance dilemmaransportation
Research Part A: Policy and Practjceol. 190, No.
10, 104283, pp. 1-12, 2024.
https://doi.org/10.1016/j.tra.2024.104283

[9] ABDALLAH, M., ADGHIM, M., MARAQA, M.,

ALDAHAB, E.: Simulation and optimization of
dynamic waste collection routé&aste Management &
ResearchVol. 37, No. 8, pp. 793-802, 2019.

et al.: Optimizing rural waste

management: Leveraging high-resolution remote

International Journal of Approximate Reasoning,
Vol. 176, No. 11, 109323, pp. 1-19, 2025.
https://doi.org/10.1016/].ijar.2024.109323

[17] ZAFRA, A., GIBAJA, E.: Nearest neighbor-based

approaches  for multi-instance multi-label
classificationExpert Systems with Applicatignol.
232, No. 6, 120876, pp. 1-14, 2023.
https://doi.org/10.1016/j.eswa.2023.120876

[18] FITRIANI, N.A., PRATAMA, R.A., ZAHRO, S,

UTOMO, P.H., MARTINI, T.S.Solving capacitated
vehicle routing problem using saving matrix,
sequential insertion, and nearest neighbor of paddu
X' in Grobogan district AIP Conference
Proceedings, Vol. 2326, 2021.
https://doi.org/10.1063/5.0039295

sensing and GIS for efficient collection and rogtin [19] RAND, G.: The life and times of the Savings thited

International Journal of Applied Earth Observation
and GeoinformationVol. 135, No. 10, 104219, pp.
1-13, 2024.
https://doi.org/10.1016/j.jag.2024.104219

[11] ISLAM, R., RAHMAN, M.S.. An ant colony

optimization algorithm for waste collection vehicle
routing with time windows, driver rest period and
multiple disposal facilities 2012 International

for Vehicle Routing Problem©RiON Vol. 25, No.
2, pp. 125-145, 2009. https://doi.org/10.5784/2B32-

[20] ALSALIBI, B.A., JELODAR, M.B., VENKAT, I.: A

Comparative Study between the Nearest Neighbor
and Genetic Algorithms: A revisit to the Traveling
Salesman Problem, International Journal of
Computer Science and Electronics Engineeriigl.

1, No. 1, pp. 34-38, 2013.

Conference on Informatics, Electronics & Vision[21] POP, P.C., ZELINA, I., LUPSE, V., SITAR, C.P.,

(ICIEV), pp. 774-779,
https://doi.org/10.1109/ICIEV.2012.6317421

2012.

[12] TOTH, P., VIGO, D.:Vehicle Routing: Problems,

Methods, and Applicationg™ Edition, Philadelphia:
SIAM, 2014.

[13] GOLDEN, B.L., RAGHAVAN, S., WASIL, E.A.:
The Vehicle Routing Problem: Latest Advances and
New York, 2008. Review process

Single-blind peer review process.

New Challenges Springer,
https://doi.org/10.1007/978-0-387-77778-8

CHIRA, C.: Heuristic algorithms for solving the
generalized vehicle routing problermternational
Journal of Computers, Communications & Control
Vol. 6, No. 1, pp. 158-165, 2011.
https://doi.org/10.15837/ijccc.2011.1.2104

~ 390 ~

Copyright © Acta Logistica, www.actalogistica.eu



