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Abstract— growth and competitiveness, especially in manufacturing,
trade, and export sectors. Road transport, contributing 8.5%, suffers
from poor infrastructure and congestion, raising vehicle operating
costs (VOC). This study, An Extended Case Study Using SWOT
Analysis on the Impact of Multilane Free Flow on Vehicle Operating
Costs in Indonesia, evaluates MLFF, a barrier-free toll system, as a
strategic solution. Results show MLFF significantly reduces VOC
compared to E-Toll, improving cost efficiency and performance.
Policymakers and stakeholders should pursue phased MLFF adoption
with regulatory support, public outreach, and technology
standardization to strengthen Indonesia’s logistics sector.
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I. INTRODUCTION

A. Importance of Transportation in Supply Chain

Transportation is a critical component of supply chain
management, as products are rarely manufactured and
consumed in the same location. The effective management of
transportation is critical for the successful execution of supply
chain strategies. The movement of goods between locations
within the supply chain is referred to as transportation
operations [1]. The significance of transportation has increased
in line with the expansion of e-commerce and the globalization
of supply chains. Transportation is the most readily recognized
activity within logistics. Customers can track the movement of
goods across various modes of transportation, including trucks
and trains (land), ships (sea), airplanes (air), or multimodal
systems that integrate multiple transport methods.

In supply chain management, transportation Is essential to
in facilitating logistics services, including product movement
and storage. It facilitates the transportation of goods, whether
they are raw materials, parts, work-in-progress items, or
finished goods. The economic value of transportation lies in its
ability to move goods from the point of origin to a designated
destination within a company’s supply chain management
system. Transportation performance directly impacts
procurement, production, and customer relationship
management. Without reliable transportation performance, key
supply chain activities cannot function effectively or
efficiently.

B. Current Logistics Costs in Indonesia

According to the Ministry of Finance (2019-2020), logistics
costs in Indonesia remain relatively high at 23.5% of GDP
equivalent to billions of USD annually, which raises consumer
prices, reduces profit margins for businesses, and limits
Indonesia’s competitiveness in regional trade. With land
transportation contributing the second-largest share at 8.5%,
followed by inventory costs (8.9%), sea transportation (2.8%),
administration (2.7%), and other expenses (0.8%) [2].
Furthermore, recent data from the Indonesian Employers
Association (Apindo) highlights that Indonesia’s logistics costs
are significantly higher than neighboring economies, such as
Malaysia (13% of GDP), Singapore (8% of GDP), and China
(16% of GDP), This gap means Indonesian exporters face
higher operational costs, making goods less competitive in
international markets. Highlighting the pressing need for
systemic changes to improve competitiveness [3]. Many argue
that logistics inefficiency is a major contributor to Indonesia’s
low international competitiveness.

C. Challenges in the Logistics Sector

There are several key factors contributing to the high
logistics costs in Indonesia, four of which are [4]:
Subsidies are temporary

Temporary government subsidies are ineffective and should
instead be allocated to improving transportation infrastructure.
For example, subsidies given in the shipping sector should be
diverted to ports.
The volume of goods being transported is imbalanced,
particularly between Java and other regions

There is a clear disparity in the volume of goods sent to and
from Java. For instance, the cost of shipping goods from Sorong
to the United States remains higher than shipping from Java,
despite the longer distance.
lllegal Levies

The economic impact of thuggery and illegal levies not only
increases the operational costs borne by logistics companies but
also contributes to the overall deterioration of the logistics
system. These illegal levies affect the logistics system through
opportunity costs, loading and unloading delays, land transport
disruptions, and other domino effects.
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Infrastructure is inadequate

The prompt delivery of products is hampered by inadequate
infrastructure and subpar facilities. Infrastructure varies across
regions, with some roads either nonexistent or not extending
beyond Java. The existing roads are in such poor condition that
they require longer travel times, despite the presence of a toll
fee collection system. The use of e-tolls still results in queues
and presents additional issues that require further attention.

One of the most visible inefficiencies occurs at toll gates,
where vehicle queues increase operating costs and travel times.
Addressing this bottleneck could yield immediate cost savings,
and MLFF offers a direct technological solution.

II. LITERATURE REVIEW
A. Alternative Solutions

To address the issue of high logistics costs in Indonesia, the
government, through relevant transportation and logistics
agencies, must collaborate with industry stakeholders to
develop integrated and sustainable solutions. In this context, the
focus of this discussion is on addressing infrastructure
challenges, specifically by minimizing toll queues through the
implementation of a digital toll collection system powered by
Multilane Free Flow (MLFF) technology.

Traffic congestion in Jabodetabek contributes significantly
to economic losses, caused not only by travel delays but also by
toll gate congestion. Proposals to implement contactless
cashless toll systems using Multilane Free Flow (MLFF)
technology highlight potential efficiency gains, such as
reducing transaction times by seconds to minutes per vehicle.
When scaled across toll roads, these improvements could
mitigate cumulative delays and associated costs, though
challenges in implementation and systemic bottlenecks remain
unresolved.

Logistics is a strategic process involving the movement and
storage of goods, spare parts, and finished products from
suppliers to company facilities. In addition, it alludes to the
procedure of designing and managing the movement and
storage of commodities [5], as well as associated data and
services from. with the objective of meeting customer needs,
from the source to the final consumer. It also encompasses the
coordinated flow of materials, information, and financial
resources between consumers and suppliers. Furthermore,
logistics encompasses the planning, execution, and
management of the efficient movement of costs, the location of
raw materials, inventory management, completed products, and
other factors. and related information from the source to the
point of consumption in order to satisfy customer requirements.

Transportation refers to the act, process, or system of
transporting or being transported [6]. The term "to transport"
specifically means moving something from one location to
another. Furthermore, transportation is characterized as a
process of relocating people or goods from one place to another
using a structured system to meet human needs by enabling
connectivity and interaction. Its primary function is to link
individuals to land use, integrate activities, and provide spatial
and temporal access to essential commodities.

Transportation plays a crucial role in the supply chain
process. The movement of a product from one location to
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another throughout the supply chain process, from its inception
to the consumer, is referred to as transportation. Transportation
plays an important role because a product is rarely produced
and used in the same location. Transportation is a significant
cost component in the supply chain process.

Transportation challenges in urban areas involve the
interaction of transport systems, land use, population, and
economic activities. Transportation is essential for promoting
economic development, generating job possibilities, and
revitalizing cities. In tackling transportation issues, the choice
of transportation mode is primarily influenced by the need to
move the largest volume of goods and people over the shortest
distances [7]. In this context, mass transportation is considered
more effective than individual transportation. Transportation
infrastructure serves two primary purposes: as a tool for guiding
urban development and as a means of facilitating the movement
of goods and people generated by urban activities [8]. The first
role, as outlined above, is often utilized by regional planners to
shape development in alignment with strategic plans.
Furthermore, transportation strategies that incorporate modal
shifts, particularly for perishable goods such as seafood, have
been proven effective in reducing logistics costs while
maintaining product quality during transit [6].

The number of vehicles in Indonesia continues to grow,
outpacing the development of supporting infrastructure.
Congestion often occurs on the roads, especially in urban areas.
Travel time will increase due to obstacles on the road. A
freeway, commonly referred to as a toll road, was developed.
Toll itself means a certain amount of money paid for the use of
a toll road [9].

Toll roads in Indonesia are regulated by the Toll Road
Regulatory Agency (BPJT), an institution established by the
Minister that operates under the Ministry’s authority. The
primary goal of toll roads is to improve the efficiency of
transportation  services, supporting economic  growth,
particularly in areas with significant development. Access to
toll roads requires users to pay a fee, which in Indonesia is
currently processed through E-Toll transactions. This system
requires users to tap a card with a balance, which is then
deducted according to the toll rates set for each road.

During periods of heavy traffic, toll gates often face long
queues of vehicles waiting to make payments to access toll
roads [10]. The payment process for each vehicle contributes to
these delays, with some drivers occasionally encountering
issues when tapping their cards. To address this, adopting
advanced technology such as Multilane Free Flow (MLFF) is
essential. MLFF enables a seamless, non-stop payment process,
allowing users to complete transactions without halting their
vehicles [11].

B. Evolution of Toll Payment Systems in Indonesia

A look back at the development of toll road payment
transactions in Indonesia has gone through several times and is
currently under development, namely:

Pay cash

Pay cash is a payment method made at toll gates with cash.
This method was introduced in 1987, coinciding with the
establishment of Indonesia’s first toll road. Road users must
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provide a certain amount of money to pay at the toll gate [12].
This method takes a long time, especially if road users do not
have the right money.

Electronic cards

Since October 31, 2017, all toll payments in Indonesia must
be made using an e-money card. Road users no longer need to
prepare cash for toll payments. Just provide an electronic card
containing a balance to be able to use the toll road [13].
Electronic cards are cards that function as digital money [14].
This prepaid card stores monetary value electronically, either
on a server or a chip. The balance on the card is the value of
money stored, which can be used for various payments at shops
that accept payments by e-money.

While the implementation of e-Toll has reduced the reliance
on cash payments and improved transaction efficiency, it still
faces limitations. Vehicles are required to stop at toll gates,
leading to congestion and delays during peak hours, particularly
on major toll roads. Previous research has shown the positive
impact of MLFF in addressing these issues. Budiharjo and
Margarani (2019), for example, highlighted how MLFF helped
solve the problem of long queues at toll gates in Indonesia [15].
This study broadens the focus by exploring MLFF's impact on
logistics costs through a quantitative approach that is relevant
to support more effective national transportation policies [16].
Single-lane free flow (SLFF)

Single-lane Free Flow is a non-stop payment system in
every transaction lane. This system enables vehicles to pass
through toll gates without stopping to tap an e-money card [17].
It is expected that this system will reduce queue buildup at toll
gates. Travel time is also faster because vehicles no longer need
to stop and queue to make transactions at toll gates. However,
for SLFF there is only one lane that uses a free flow system.
Multilane Free Flow (MLFF)

MLFF as a form of ETC is a new method of paying tolls
where vehicles do not need to stop and stop their vehicles at the
toll gate. The existing system identifies the vehicle so that the
vehicle can continue to drive at high speed [18]. MLFF
technology offers several key features and advantages. First, the
system is easy to install on existing roads, and it does not
require additional space for toll booths. Then, it helps reduce
traffic congestion by eliminating barriers that would otherwise
cause vehicles to stop. In other words, vehicles do not need to
slow down to pay the toll.

Apart from highway tolls, MLFF can also be used for
various Intelligent Transport Systems (ITS) applications such
as vehicle monitoring for traffic management, violation control,
and vehicle tax management. In addition, its compact design,
featuring an integrated antenna and processor, ensures efficient
installation and maintenance. Additionally, MLFF can
communicate with high-speed automobiles at an output of 2
WERP or lower, which is the threshold set by wireless radio
legislation in several significant Asian nations. Toll booths and
MLFF systems may both use toll collection systems with dual-
use designs.

MLFF also has ethernet cable connectivity for easy
installation. Additionally, the robust security design allows for
the storage of three generations of security keys. As Radio
Frequency Identification (RFID) for equipment in vehicles,
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MLFF is compliant with ISO18000-6C, an international
standard that will be coming soon. It is no less important to
know that this tool works with vehicles traveling at very high
speeds (180 km/hour).
Advantages of MLFF

Unlike e-Toll, which requires vehicles to stop, and SLFF,
which applies only to a single lane, MLFF enables all lanes to
process transactions seamlessly without barriers.

When compared to other payment options, multilane free
flow (MLFF) has a lot of benefits. Travel time can be done more
quickly and efficiently, there are no queues and delays at toll
gates, it is environmentally friendly and can speed up the
mobility of delivery of goods and services. The MLFF function
are detect vehicles passing through toll gates, the system
processes transaction information to management for
transaction processing, supervision and monitoring of status
and activities at toll gates and protect data so that data
manipulation does not occur or data can be lost.

III. RESEARCH METHOD

Numerous countries worldwide have implemented MLFF,
including Slovakia, Germany, the Czech Republic, Russia,
Hungary, and Belgium. In the Asia-Pacific region, Malaysia,
Singapore, and Australia have also adopted this system. Several
types of technology support the implementation of MLFF.

A. Criteria for Technology Selection

Selecting the appropriate technology requires consideration
of its reliability and the accuracy with which the installed
equipment can detect data from passing vehicles. Investment
costs must be carefully evaluated to prevent financial losses for
business entities and other stakeholders. Apart from that, both
the Toll Road Regulatory Agency and business entities need to
consider the capabilities of the users who will use the toll road,
If the selected technology burdens drivers, they may avoid
using toll roads altogether. Alternative technologies that can be
used are ANPR, DSRC, RFID, and GNSS.

Figure 1. An example of an Automatic Number Plate Recognition (ANPR)
system that captures vehicle license plates using Optical Character
Recognition (OCR) technology for identification and monitoring purposes.

Technologies Supporting Multilane Free Flow Implementation
Automatic Number Plate Recognition (ANPR)

ANPR is a commonly used method for wvehicle
identification in the modern era. The method used for vehicle
monitoring uses optical character recognition in images by
reading vehicle number plates [19]. Number plate recognition
systems can utilize CCTV installed in traffic zones or areas
designated for specific monitoring tasks. To provide a clearer
illustration of how ANPR operates in practice, Figure 1 below
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demonstrates an example of a system capturing and recognizing
vehicle license plates using OCR for identification and
monitoring.

Dedicated Short-Range Communication (DSRC)

DSRC is a short-to-medium-range wireless communication
channel, supporting both one-way and two-way transmission,
and is designed for automotive applications, enabling high-
speed data transmission [20]. This is particularly important for
communication-based active safety applications designed to
prevent accidents. There are two types of DSRC, namely
vehicle-to-vehicle and vehicle-to-infrastructure. Both need a
stable wireless interface that can withstand extreme weather
and brief interruptions, all of which DSRC can provide. To
provide an overview of how DSRC enables crucial high-speed
wireless data transmission, Figure 2 below illustrates the
technology facilitating both vehicle-to-vehicle and vehicle-to-

infrastructure communication in modern transportation
systems.
Electronic Toll Collection
;‘Hg;‘m’ on [ On toars squoment (0BE)

roa

Mutual wireless %
communication

Figure 2. Illustration of Dedicated Short-Range Communication (DSRC)
technology enabling high-speed wireless data transmission for vehicle-to-
vehicle and vehicle-to-infrastructure communication in transportation systems

Radio Frequency Identification (RFID)

RFID is a wireless identification system that enables data
collection without physical contact, unlike traditional methods
such as barcodes or magnetic stripe cards [21]. This tool uses
an electromagnetic radiation system to transmit codes. Radio
waves are used in the RFID identification system. A Tag and a
Reader are the two essential components. A thing that will be
recognized by an RFID Reader is an RFID tag, which is a
device that is attached to the object. To illustrate how RFID
technology employs radio waves for wireless identification,
Figure 3 below demonstrates the interaction between a tag and
a reader in various applications.

Global Navigation Satellite System

GNSS or Global Navigation Satellite System is a
constellation of satellites that provides signals from space that
transmit positioning and timing data to GNSS receivers [22].
These recipients then use this data to determine their location.
To provide a clearer understanding of how GNSS delivers
positioning and timing data, Figure 4 illustrates how satellite
signals are received by GNSS receivers to determine accurate
locations.

In Indonesia, MLFF implementation is already underway
and is currently in the trial phase utilizing RFID technology. In
the future, it is planned to use GNSS technology that uses
satellites with plans to implement it in stages starting in 2022

Q3.
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Figure 2. Illustration of Radio Frequency Identification (RFID) technology
utilizing radio waves for wireless identification through tag and reader
interaction in various applications.
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Figure 3. Illustration of Global Navigation Satellite System (GNSS)
technology providing positioning and timing data through satellite signals
received by GNSS receivers for location determination.

TABLE 1. Comparison of Alternative Electronic Toll Collection (ETC)
Technologies, including ANPR, DSRC, RFID, and GNSS, highlighting their
characteristics, performance, and implementation in various regions.

Automatic Number Plate Dedicated Short-Range

Recognition Communication

Camera technology to detect | Contactless Technology with 5.8 GHz
number plates Frequency Using OBU DSRC
Performance is stable but does not | Performance tends to be stable and
provide real-time location data reliable
Used on roads in the cities of | It has been implemented in Japan,
London, Milan, Stockholm and | Korea, and across various European
Toronto countries

Radio Frequency Identification
Contactless Technology with
860-960 MHz GHz Frequency
Using Tag

High performance and reliability
and is not disturbed by weather
factors

Used in America and Asian
countries, Taiwan and Malaysia

Global Navigation Satellite System
A satellite-based strategy for tracking
user journeys via GNSS-enabled
OBUs

The technology enables real-time
access to user data

Used on motorways in Germany and
Slovakia

Comparative Analysis of Technologies

To offer a detailed overview of how these four MLFF
technologies perform and are implemented, Table 1 below
provides a comparative look at ANPR, DSRC, RFID, and
GNSS in various region.
Quantitative Approach for VOC Analysis

The data for this study were sourced from the journal
“Analysis of Multilane Free Flow Implementation at Toll Gates
in Indonesia” [16], which included vehicle operating costs
(VOC) for various vehicle types related to the implementation
of Multilane Free Flow (MLFF). The Ministry of Public Works'
methodology for VOC computations served as the basis for the
study, which quantitatively examined the performance of E-
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Toll and MLFF systems. VOC was determined by summing
fixed and non-fixed costs to compare expenses between the two
systems. The results showed that MLFF implementation
significantly reduced VOC across all wvehicle types,
highlighting its efficiency and impact.

Application of Center of Gravity Method

Similarly, the Center of Gravity method has been
demonstrated to optimize logistics distribution by reducing
transportation costs and travel distances, as shown in the case
study of PT Kimia Farma in West Java, which achieved a cost
reduction of 6.91% through this approach [23].

To provide a clearer overview of the methodological stages,
the research process is summarized in a systematic flowchart
(Figure 5). This flowchart outlines the sequential steps, starting
from problem identification and literature review, followed by
technology selection and comparative analysis, data collection,
and quantitative VOC evaluation.

It further incorporates the SWOT analysis and the
application of the Center of Gravity method, before arriving at
the study’s conclusions and policy recommendations.

P High logistics costs
------
(23.5% of GDP)
MLFF in other countries,
Literature Review -

technologies
ANPR/DSRC/RFID/GNSS

Technology Selection
Criteria

1

Comparative Technology Comparative table +
Analysis advantages/limitations
Vehicle Operating Cost
Data Collection «sf from previous research

by others
Comparison of VOC
itative A i -

( Quantitative Analysis ) between E-Toll and MLFF

structured evaluation of
MLFF through its

SWOT Analysi:
nalysis Strengths, Weaknesses,

(Opportunities, and Threat:

Center of Gravity ~ }-- Distribution optimization
MLFF reduces VOC, polic
i m.h
L mmendations

Figure 4. Research Flowchart of MLFF Study

IV. RESULT AND DISCUSSION
Toll Road Network Overview

According to primary data from the Indonesian Toll Road
Services Authority, the toll road network in Indonesia currently
spans 1,713 km, with ongoing construction and development
projected to expand it beyond 6,000 km in the coming years.
The concentration of toll and express roads in Java and South
Sumatra mirrors the population distribution, as around 60% of
Indonesia’s population resides on Java. Considering the
extensive toll road network, it is crucial to carefully select toll
payment technology by evaluating all relevant factors.
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The proposed toll payment system must provide economic
benefits, such as improved traffic flow and reduced capital and
operational costs. Various factors were evaluated to identify the
most suitable technology that aligns with local conditions and
ensures economic feasibility. These include the initial
investment costs for roadside infrastructure, annual operating
expenses, and requirements and costs for vehicle-mounted
equipment. Expansion costs, including additional investments
and operational expenses required to extend the toll network,
were also considered. The evaluation further addressed the
efficiency of the system based on toll road characteristics, the
longevity of the system’s equipment, and the communication
technologies used with vehicles. Additionally, central database
requirements for registered vehicles, the primary toll collection
scheme, and compatibility with distance-based tolling systems
were reviewed. Finally, the system’s capacity for dynamic
traffic management, such as implementing congestion charges,
was analyzed to ensure it meets the requirements for effective
toll management.

Economic Benefits of MLFF

The vehicle operating cost (VOC) analysis shows that the
implementation of MLFF substantially reduces costs per
kilometer compared to E-Toll, with passenger vehicles
experiencing a 50% reduction [16]. These cost reductions
across various vehicle types are depicted in Figure 6. Similar
savings are observed in heavy vehicles, such as large trucks.
These results confirm that the implementation of MLFF can
support logistics cost efficiency, especially for commercial
vehicles. Additionally, the application of Vehicle Routing
Problem (VRP) methods in logistics optimization, as
demonstrated in disaster relief operations, has proven effective
in minimizing travel time and enhancing distribution efficiency
through heuristic and local search algorithms [24].

SWOT Analysis

Apart from that, it is also necessary to carry out a SWOT
analysis to describe the situation and conditions currently being
faced. The following is a SWOT analysis regarding MLFF
users:

VOC Comparison Between E-Toll and MLFF

14000 E-Toll vOC
. MLFF VOC
12000
10000
g
= 8000
-4
8
S 6000
4000
- I
0 n 5 5 5
& & & &
Y & &
& ‘\C @ ‘\\"L
& K &
& & 5 &
b‘q@" aﬁ\s v K
< @

Figure 5. Comparison of Vehicle Operating Costs (VOC) between E-Toll and
MLEFF, demonstrating the cost reduction achieved through MLFF
implementation across different vehicle types.
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Strength

e Multilane Free Flow provides many positive impacts on
society, including:

e Mobility for the delivery of goods and services can be
carried out more quickly, thereby increasing revenue for the
company

e Queues for vehicles carrying out transactions at toll gates
can be eliminated because users no longer need to stop the
vehicle to make transactions.

o Since there are no longer queues of vehicles at toll booths,
travelers may experience fewer delays in travel time.

e Congestion can be resolved by reducing the queue of
vehicles at the toll gate.

Weakness

e It costs a lot of money to replace the existing transaction
system, and it needs to be implemented nationally.

o Consideration of suitable technology to be applied must also
be appropriate and standardization/uniformity = of
technology is carried out for all toll roads in Indonesia.

Opportunities

e MLFF, a technological improvement to toll transactions,
may aid in speeding up the country's progress.

e Creating new business opportunities in the form of
technology installed on gantries and vehicles.

Threats

e With no more toll gates installed on every toll road, it is
possible that deviant behavior from the public may arise, for
example, vehicles that do not have a balance can still enter
the toll road or vehicles that do not have transaction
equipment installed on their vehicles can enter the toll road.
So there is a need for clear law enforcement and in-depth
study regarding the implementation of MLFF looking at the
culture of Indonesian society.

SWOT analysis is a strategic tool for assessing project
performance and planning in various fields. This analysis was
originally intended for corporate management and has now
become an important tool [25] and [26]. The success of this
analysis in various fields, ranging from health technology
assessment [27] to construction industry planning [28] and
sustainable agriculture evaluation [29] is due to the flexibility
of this framework.

SWOT analysis has been particularly useful in
infrastructure development for assessing innovation systems
[30] and implementing new technologies [31]. Managers can
use this framework to identify and address key factors that
influence the success and sustainability of projects [32].

Although widely used in business plans, this analysis has
recently been used to evaluate issues and policies related to
decision-making and to evaluate sustainable highway
infrastructure development [25], [33] and [34].

An understanding of these four aspects is expected to help
maximize strengths, minimize weaknesses, reduce threats, and
create opportunities moving forward. In order to minimize
weaknesses and reduce threats so that the implementation of
MLFF, including the transition from the old system, runs
smoothly, the Government needs to pay attention to the
following matters:
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Social Factors

Public outreach is necessary to ensure that the community
can quickly adapt to the new system. This outreach should be
conducted effectively during the transition period to minimize
any foreseeable issues once the system becomes fully
operational. Additionally, the outreach should include a clear
timeline and information on law enforcement measures that will
be implemented in the event of violations.

Economic Factors

A separate organization with clear policies and standard
operating procedures is needed to manage toll tariff collection
at uniform rates. Previously, this task was carried out by
individual toll road business entities, each setting its own rates
based on sectional divisions. Regarding the equipment that will
be installed on the vehicle, it is very necessary to look for
equipment that is cheap so that it does not burden toll road
consumers. If it is deemed unaffordable for some groups,
incentive mechanisms or ownership assistance should be
considered, or the devices could potentially be provided free of
charge, particularly for small-scale businesses.

Technological Factors

A clear and accurate database containing vehicle identity
and ownership information is essential, as a signal is
transmitted to the passing vehicle via an OBU, RFID, or other
installed technology when it passes through the MLFF system.
This device will store a road user database. If the data from the
unit installed on a vehicle cannot be read, the MLFF system
includes a backup camera that can capture and identify the
vehicle’s license plate, type, dimensions, and owner. The toll
charges will then be assigned to the registered owner of the
vehicle. Meanwhile, in Indonesia, the sale of used cars is quite
widespread. However, many buyers do not immediately update
the ownership records, resulting in the vehicle data still being
linked to the previous owner’s identity.

By identifying these factors, the implemented system is
expected to enhance service quality—making it faster, safer,
easier, and more user-friendly for toll road users. It should also
support operational effectiveness, improve data accuracy and
security, and deliver tangible added value to both stakeholders
and the wider community.

Suggestions for Implementation

Based on the SWOT analysis, the implementation of MLFF
requires not only technological readiness but also strong
regulatory, institutional, and social support. One critical
challenge lies in the development of a centralized database
system that ensures interoperability among toll operators while
maintaining robust data privacy and security protections.
Weaknesses such as limited public awareness can be addressed
through targeted outreach strategies, including community
workshops, informational campaigns, and collaboration with
local organizations to build trust and understanding of the
system. At the same time, regulatory threats can be mitigated
through the establishment of clear legal frameworks and
uniform tariff-setting mechanisms. Opportunities such as
accelerating Indonesia’s digital transformation in transportation
can be leveraged by providing incentives for early adoption and
integrating MLFF into broader smart mobility initiatives. These
strategies, if well-coordinated, will ensure that MLFF achieves
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its potential in reducing logistics costs and improving (10] H.P. AS;utikhanld D. Dewanti, “The Efgect of Toll G?ite T%/Pe on the

: : Queue of Vehicles in Connecting Roads: A case study of Bawen —

Operatlonal efﬁc1ency. Yogyakarta Toll Road,” Journal of the Civil Engineering Forum, vol. 6,

no. 1, p. 1, Jan. 2020, doi: 10.22146/jcef.43975.

V. CONCLUSION [11] F. A. Hidayat and T. Kurniawan, “Multilane Free Flow Policy Analysis

High logistics costs remain a critical barrier to Indonesia’s Based On Public Service And Public Administration Legal Studies,”

economic competitiveness, as they directly affect supply chain (2] JR”.V"I_‘;I Iig’a”r SZ;IZI’I’"’%?l‘hi’aighgffﬁz’gg;l'nllgr‘fofiig/ dg.‘vgslil';f:?nzo‘

efﬁmency, consqmer Prlces, and the 2.1b1111.:y of busmesse§ to “Measuring the capacity and transaction time of cash and electronic toll

expand. Addressing this challenge requires integrated solutions collection systems,” Journal of Engineering and Technological

that go beyond infrastructure development and target systemic Sciences, vol. 46 B, mo. 2, pp. 180-194, 2014, doi:
inefficiencies 10.5614/j.eng.technol.sci.2014.46.2.5.

: . . . [13] F. Sudirjo, M. R. Tawil, S. Imanirubiarko, L. Judijanto, and T. R.

The phaged %mplementatlon of M‘:lltllane Free Flow Fauzan, “The Influence of Insecurity, Perceived of Technology

(MLFF), initiated in 2022, offers a strategic pathway to reduce Innovativeness, Perceived Ease of Use and Perceived Usefulness on

congestion, streamline toll collection, and significantly lower ICOPSume?S Iztentmf}t]? l;seElectromcgioélﬁaygent Cazrg;’; Jucim%l

vehicle operating costs (VOC). Beyond cost reduction, MLFF l'goégmogg’/ji it 3;'1 . 42i notogt,  pp. Fe=, OV, » GOk

3159 1mproves traffic flow, minimizes toll gate queues, redu.ces [14] A. Matar and A. M. Alkhawaldeh, “Adoption of electronic cards using

emissions, and enhances the overall performance of Indonesia’s Wi-Fi platform services by clients of banking sector during COVID-19

logistics sector. pandemic,”  International Jour.nal of Engineering  Business
Ensuring the success of MLFF requires clear operational [15] %a"%iii’?ﬁgé’ovogn{f’ JSUI' ﬁ)zziffﬁg';rgﬁil77“/15{‘]71?\71302511511\1153715 AN
standards, comprehensive public outreach, and = strong MULTILANE FREE FLOW (MLFF) DI JALAN TOL INDONESIA,”

regulatory support. Key enablers include the availability of Jurnal Keselamatan Transportasi Jalan, 2019.

affordable on-board equipment, incentives for small businesses, ~ [16] F. NL{Y {\Zizafha S.lI_\{ovriani, N. IBUdiSiSVYamO’ and N. Shef?l Salsabila,

and a secure, integrated vehicle ownership database. These Ir‘z;z::: (&Sl:hslts dé;ng fF gﬁliiaz“{,;ﬁ“gz:?;tﬁ“on At Toll Gates In

measures Wlll support both fairness and consistency in [17] R. Septi Nurdiana and R. Haratama, “Peluang Penggunaan Sistem

1mplementat10n. Single-lane Free Flow (SLFF) Untuk Mereduksi Tundaan Pada Gerbang

Looking ahead, future research should focus on longitudinal s 101 Exit Kej apgnanSUtar_na INF OdA RTIKEL ABSTRAK,” 2024-G

assessments of MLFF’s long-term impact on logistics costs, 1) FAgT'Ol;a;nagFa’ INTE?S?TO N TI\I/_IIEZUISraEW%lF ]%E(T:EH[I{\%E\I(;ISY

environmental sustainability, and user adoption. Case studies READNESS BASED MULTILANE FREE FLOW (MLFF),” Business

across different regions could provide deeper insights into and Accounting Research (LJEBAR) Peer Reviewed-International

variations in effectiveness and help refine policies. By Journal, — vol. 6, [Online].  Available:  https:/jurnal.stie-
combining rigorous monitoring with stakeholder collaboration aas.ac.id/index php/UEBAR

gng g . ., ) [19] S. Tripathi and S. Jain, “Automatic Number Plate Recognition System

MLFF can b.ecome a C.OmerStone m Indor}§51a S effqﬁs to build (ANPR): The Implementation,” International Journal of Innovative

a more efficient, sustainable, and competitive logistics system. Technology and Exploring Engineering (IJITEE), no. 10, pp. 2278

3075, 2021, doi: 10.35940/ijitee.H9257.0610821.
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