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Abstract: The Indonesian government, through the Indonesia Toll Road Authority and the Ministry of
Public Works and Housing, has established a policy for implementing an electronic toll transaction
system for Multi-Lane Free Flow Toll Roads in Indonesia as an effort to improve the speed of toll
transaction services. However, since it was first launched in 2016, until the beginning of 2024, this
policy has not been implemented due to various problems. Therefore, this research will evaluate the key
factors affecting the implementation of the electronic toll transaction system for Multi-Lane Free Flow
Toll Roads in Indonesia and develop the best alternative strategy for its implementation. This research
will use a combination of qualitative and quantitative research methods with the application of the
Analytical Hierarchy Process (AHP). The analysis found that there are seven main factors: public
acceptance, legal framework, investment cost, technology, toll road performance, data, and stakeholders.
The three factors that are considered the most influential based on AHP analysis are the legal
tramework at 25.7%, toll road performance at 18.18%, and public acceptance at 14.28%. At the indicator
level, the top two rankings are the toll transaction time indicator at 12.38% and privacy and data
protection at 8.34%. The results of the analysis recommend the best alternative strategy, which is the
selection of the best electronic toll transaction system technology, with a value of 22.23%,
outperforming four other alternative strategies.

Keywords: Electronic toll transaction system, Key factors, Mulli lane free flow, Strategy development.

1. Introduction

Toll road infrastructure development in Indonesia in the 2014-2024 period has accelerated, namely
by increasing the length of operating toll roads from the original 822.42 km (2014) to 2,835.71 km
(April 2024) or an increase of 2,013.29 km within 10 years based on updated data from [17]. The growth
of toll roads is accompanied by growth in traffic volume and toll transactions every year. Based on data
from the Toll Road Regulatory Agency, Ministry of Public Works and Housing in 2023 there were 4.9
million vehicles passing on toll roads every day with an annual toll transaction amount of Rp 31.56
trillion, this figure is already higher than the 2019 data before the Covid-19 Pandemic. This raises the
challenge of services on toll roads related to toll transactions at toll gates which is the background for
the instruction of the President of the Republic of Indonesia Mr. Joko Widodo in 2016 to the Minister of
Public Works and Housing to eliminate queues at toll gates by applying a sensory system that is
directly connected to banking accounts. follow up on this by stipulating Public Works and Housing
Minister Regulation 16/PRT/M/2017 on Cashless Toll Transactions on Toll Roads which broadly
divides the two stages of toll transaction electronification in Indonesia, namely the first stage by
implementing cashless toll transactions with electronic money that is currently used and the second
stage with contactless cashless toll transactions with Multi Lane Iree Flow which has an initial target
to be implemented in 2018.
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The plan to implement the electronification of the second phase of toll transactions did not run
smoothly, only in 2018 there was a proposal for the Multi Lane Free Flow implementation project
initiative on the Indonesian Toll Road by Roatex, a Hungarian Business Entity. This was followed up
with the implementation of the Feasibility Study of the Multi Lane Free Flow implementation project
on the Indonesian Toll Road in 2019 until the project procurement process was carried out by Ministry
of Public Works and Public Housing 27 along with the enactment of the Public Works and Housing
Ministerial Regulation No. 18/PRT/M/2020 concerning Contactless Cashless Toll Transactions on
Toll Roads. Furthermore, in 2021, the Minister of Public Works and Housing officially determined the
winner of the procurement of the Multi Lane Free Flow implementation project on the Indonesian Toll
Road with the Public Private Partnership (PPP) scheme, which was won by PT Roatex Indonesia Toll
System (PT RITS). This collaboration began on March 15, 2021 with an investment value of IDR 4.4
Trillion and a concession period of 9 years since commercial operation.

The signing of the cooperation is a new hope for the realization of the implementation of a
contactless cashless electronic toll transaction system with Multi Lane Free Flow on Indonesian Toll
Roads. The system has various benefits in terms of service techniques on toll roads as well as in terms of
toll road users and the environment around the toll road. Milenkovi¢, et al. [3] found that the
implementation of the MLFT system compared to the manual system can reduce CO2 levels by 25-45%
and Nox by 32-98% depending on the type of vehicle and scenario which is the result of a case study in
Serbia. The study also calculated the projected ecological benefits of 1.835-1.49 million euros. Rizal [4]
found that toll gates with a free flow transaction system have a higher capacity and can eliminate queues
at toll gates when compared to Automatic Toll Boards (GTO) and Semi-Automatic Boards (GSO)
currently in operation.

However, until early 2024, the implementation of a contactless cashless electronic toll transaction
system with Multi Lane Free FFlow has not yet been realized. A small-scale implementation trial was
conducted on the Bali Mandara Toll Road in December 2023, but various media reported notes that still
needed to be evaluated on the implementation of the system [57]. The Minister of Public Works and
Housing has also acknowledged that there are internal problems at the Implementing Business Entity,
which was conveyed to the media on June 7, 2023 [67]. This delay is also accompanied by the missed
implementation target that was previously stated in Minister of Public Works and Housing Regulation
No. 18/PRT/M/2020 concerning Contactless Cashless Toll Transactions on Toll Roads which
specifically states that the system is targeted to be implemented gradually starting January 31, 2022.

Based on these data, there has been a problem of delayed implementation of the contactless cashless
electronic toll transaction system with Multi Lane Free IFlow on Indonesian Toll Roads which aims to
increase the speed of toll transaction services since it was first instructed in 2016 until the
implementation target of 2022 was not met and has not been implemented until now. So, an evaluation
is needed related to the key factors that affect the implementation of the contactless cashless electronic
toll transaction system with Multi Lane Free Flow on Indonesian Toll Roads and the development of
the best alternative strategy through a mixed qualitative and quantitative research approach with the
Analytical Hierarchy Process (AHP) method.

2. Research Methodology
This research will be conducted using a combination of qualitative and quantitative methods. Data
collection will be carried out using interview and questionnaire techniques involving resource persons
with predetermined criteria, namely:
1. Isa State Civil Apparatus (ASN) of the Ministry of Public Works and Housing;
2. Have a minimum work experience of 5 (five) years; and
3. Specifically assigned to the implementation of the Multi-Lane Free Flow Toll Road Public Private
Partnership (PPP) Project.
Furthermore, based on the collected data, an analysis will be carried out using the Analytical
Hierarchy Process (AHP) method developed by Saaty [77] to compile a hierarchical structure of critical

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 8: 217-227, 2025

DOI: 10.55214/25768484.v913.5181

© 2025 by the authors; licensee Learning Gate



219

factors affecting the implementation of the Multi-Lane Free Flow Toll Road electronic toll transaction

system in Indonesia which aims to increase the speed of toll transaction services. The research questions

that will be answered in this study are:

1. What are the variables and indicators that influence the implementation of the Multi Lane Free
Flow Toll Road electronic toll transaction system in Indonesia?

2. What are the key factors affecting the implementation of the Multi Lane F'ree Flow Toll Road
electronic toll transaction system in Indonesia based on the weighting of these variables and
indicators?

3. How to develop alternative strategies to these key factors to influence the implementation of the
Multi Lane Free Flow Toll Road electronic toll transaction system in Indonesia?

4. What are the best alternative strategies on the implementation of electronic toll transaction system
of Multi Lane Free Flow Toll Road in Indonesia?

The implementation of the research begins with identifying a long list of factors and alternative
strategies that have the potential to influence the implementation of the Multi Lane Free Flow Toll Road
electronic toll transaction system in Indonesia, through a literature review of previous research. The
results of the literature review for the identification of factors that will become variables in this study
are summarized in Table 1 below which consists of 7 (seven) variables, namely public acceptance, legal
framework, investment costs, technology, toll road performance, data, and stakeholders. In previous
studies on the topic of electronic toll transaction systems, there were still few that discussed the
relationship with stakeholder involvement, so in this study the variable was added based on research on
the role of stakeholders in managing a project. In addition, from the seven variables, 32 indicators were
also developed to detail the related derivative factors.

Furthermore, for the results of the identification of alternative strategies for implementing the
electronic toll transaction system, there are 5 (five) alternative strategies that have been previously
researched which are summarized in Table 2 which include selecting the best electronic toll transaction
system technology, preparing a legal framework specifically related to toll road user data privacy,
marketing policies by providing discounts on OBU installations and toll tarift discounts for users who
use electronic toll transaction systems, approaching technology acceptance by toll road users through
ease of use and benefits, and prioritizing stakeholder collaboration, public acceptance, funding, and
regulatory framework.
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Table 1.

AHP Variables of Toll Road MLFF Implementation.

Reference Variables
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Kamiliah and Wijaya [87] v v v v

Sumardi, et al. [97] v v v v v

Harnanda, et al. [107] v v v

Hidayat and Kurniawan [117] v

Papandreou [127] v v v

Budiharjo, et al. [13] v v v v v

Hermawan and Aruan [147] v v

Lixia, et al. [157] v

Vats, et al. [16] v v v v v

Li, etal. [17] v

Recky [187] v v

Hidayatul [197] v

Mavi and Standing [207] v v v v

Nara, et al. [21] v v v v

Table 2.

Alternative Strategies for Implementing Toll Road MLFF in Indonesia.

Code Reference Implementation Strategy

S.1 Vats, et al. [167] Selection of the best electronic toll transaction system technology.

S.2 Lixia, et al. [157] Preparation of a legal framework specifically related to toll road user data
privacy.

S.3 Chiou, et al. [22] Marketing policy with OBU installation discount and toll tariff discount
for users who use electronic toll transaction system.

S.4 Hermawan and Aruan [147] Approach technology acceptance by toll road users through ease of use and
benefits.

S.5 Kamiliah and Wijaya [87 Prioritization of stakeholder collaboration, community buy-in, funding,
and regulatory framework.

Furthermore, based on the results of the identification of factors and alternative strategies that have
the potential to influence the implementation of the Muliti Lane Free Flow Toll Road electronic toll
transaction system in Indonesia, a hierarchical structure model is developed as a basis for conducting
the Analytical Hierarchy Process presented in Iligure 1 below.
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Figurel .

Hierarchical Structure of Toll Road MLFTF System Implementation Policy in Indonesia.

3. Research Results

Interviews and questionnaires were conducted from September to November 2024 with 7 (seven)
expert resource persons and 18 AHP respondents. Although quantitatively the amount of data is small,
the AHP method emphasizes the understanding of the topic knowledge possessed by the resource
persons, so that even though it is not large in number, it can still produce reliable results. As in the topic
of this research which discusses the implementation policy of the Multi Lane Free Flow Toll Road
electronic toll transaction system in Indonesia, there are still very few parties who understand the topic,
so that expert sources and respondents in this research are parties who are directly involved in the
implementation of the Toll Road MLFF System Project in Indonesia and meet the predetermined
criteria.

The results of the Analytical Hierarchy Process that have been carried out still need to be tested for
reliability against several parameters that will be explained to facilitate reader understanding. The main
parameter that needs to be considered is the Consistency Ratio (CR) obtained from the comparison of
the Consistency Index (CI) with the Random Consistency Index (CIn). The amount of CI is calculated
based on the Amax value in each data group, while the RIn value is obtained based on the reference table
according to the amount of data (n) in each data group. A summary of the CR test results is presented in
Table 3 below.

Table 2.

Summary of AHP Consistency Ratio Test Results

Variables n RIn Amax CI CR
Key Variables 7 1,32 7,159 0,026 0,020
Public Acceptance 5 1,12 5,240 0,060 0,054
Legal Framework 6 1,24 6,224 0,045 0,086
Investment Costs 4 0,9 4,200 0,067 0,074
Technology 6 1,24 6,338 0,068 0,055
Toll Road Performance 3 0,58 3,088 0,019 0,033
Data 3 0,58 3,038 0,019 0,033
Stakeholders 5 1,12 5,154 0,088 0,084

Based on the AHP consistent ratio test results, it is found that all analysis results have a Consistency
Ratio (CR) value lower than the 10% consistency threshold, so it can be concluded that the analysis

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 8: 217-227, 2025

DOLI: 10.55214/25768484.v913.5181

© 2025 by the authors; licensee Learning Gate



222

results are consistent and acceptable. Therefore, it can be stated that there are 7 (seven) variables with
32 (thirty-two) indicators as key factors influencing the implementation of the Multi Lane Free Flow
electronic toll transaction system on toll roads in Indonesia to improve toll transaction speed services.

Table 4 summarizes the results of the AHP analysis on all variables and indicators of the
implementation of the MLFT Toll Road System in Indonesia. The results of the analysis found that the
2 (two) variables with the highest weights are the Legal Framework with 25.70% and Toll Road
Performance with 18.18%. Furthermore, in terms of indicators, it is found that the 5 (five) indicators
with the highest weight are Toll Transaction Time with 12.88%, Privacy and Data Protection with
8.34%, Revenue Scheme with 6.87%, Data Privacy with 6.81%, and Law Enforcement with 6.58%.
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Table 3.
Results of AHP Analysis and Weighting on variables and Indicators.
EVN EVN EVN Local Global
. . oca oba
Variables Global Indicator Local Global Rank Rank
. . . an an
Weight Weight Weight
Public Socialization of the System and
14.28% y 17.77% 2.54% 2 12
Acceptance Benefits
Device cost 8.58% 1.23% 5 28
Technology adaptation 16.51% 2.36% 3 14
Data privacy 47.71% 6.81% 1 %
Customer service 9.43% 1.35% 4 25
Legal .
F K 25.70% Standard Operating Procedure 7.47% 1.92% 5 19
ramewor
Licensing 18.57% 4.77% 3 8
Law enforcement 25.62% 6.58% 2 5
Privacy and data protection 32.44% 8.34% 1
Cooperation of the parties 11.08% 2.85% 4 11
Toll Road Minimum Service Standards 4.81% 1.24% 6 27
Investment . .
Cost 18.68% Financing scheme 10.52% 1.44% 4 23
osts
Income scheme 50.23% 6.87% 1 3
Risk allocation 24.52% 3.85% 2 10
Investment Scope 14.74% 2.02% 3 18
Technology 13.18% System reliability 40.43% 5.38% 1 7
Development flexibility 18.97% 2.50% 2 13
Accommodating the transition period 16.17% 2.13% 3 16
Device complexity 4.76% 0.63% 6 31
Roadside infrastructure 6.74% 0.89% 5 30
Knowledge transfer 12.94% 1.71% 4 21
Toll Road . .
18.18% Toll transaction time 68.06% 12.88% 1 1
Performance
Toll gate queue 11.79% 2.14% 3 15
Travel time 20.14% 3.66% 2 9
Data 7.97% Data security 68.06% 5.42% 1 6
Data communication 11.79% 0.94% 3 29
Data storage 20.14% 1.60% 2 22
Support coordination amon
Stakeholders 7.02% bp & 18.27% 1.28% 4 26
stakeholders
Establishment of a special cross-agenc
¢ p & y 7.22% 0.51% 5 32
eam
Personnel competence 19.45% 1.836% 3 24
Business process understanding 25.65% 1.80% 2 20
Performance of the Implementin
) . p & 29.40% 2.06% 1 17
Business Entity

Furthermore, to facilitate the representation of the results of the AHP analysis above, representative
results will be presented in the form of a summary of the order of weighting on the variables as well as
the order of weighting of the top 10 (ten) on the research indicators presented in Table 5 and Table 6
below.
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Table 4.

Recapitulation of Main Variable Weighting.

Variables EVN Global Weight Global Rank
Public Acceptance 14.28% 3

Legal Framework 25.70% 1
Investment Costs 13.68% 4
Technology 13.18% 5

Toll Road Performance 18.18% 2

Data 7.97% 6
Stakeholders 7.02% 7

Table 5.

Recapitulation of Indicators with the Highest Weight.

Indicator EVN global weight Global Rank
Toll transaction time 12.38% 1
Privacy and data protection 8.34% 2
Income scheme 6.87% 3
Data privacy 6.81% 4
Law enforcement 6.58% 5
Data security 5.42% 6
System reliability 5.33% 7
Licensing 4.77% 8
Travel time 3.66% 9
Risk allocation 3.35% 10
More 36.48% -

The final stage of the research conducted an analysis to assess the best alternative strategies
that can affect the successful implementation of the Multi Lane Free Flow Toll Road electronic toll
transaction system in Indonesia to improve toll transaction speed services. The analysis was conducted
on the five alternative strategies previously identified using the results of the AHP analysis for
weighting the key factors. The summary of the analysis results is presented in Table 7 which finds that
the best alternative strategy with the highest value of 22.23% is the selection of the best electronic toll
transaction system technology. IFollowed by the second rank is the prioritization of stakeholder
collaboration, public acceptance, funding, and framework with 21.17% and in the third rank with 20.78%
is the prioritization of stakeholder collaboration, public acceptance, funding, and framework.

Table 6.

Summary of Best Strategy Alternative Analysis Results.

Code Variables > AHP Score Rank

X.1 X.2 X.3 X.4 X.5 X.6 X.7

S.1 3.10% 5.30% 2.95% 3.13% 4.48% 1.79% 1.48% 22.23% 1
S.2 3.03% 5.94% 2.81% 2.62% 3.14% 1.75% 1.49% 20.78% 3
S.3 2.48% 4.27% 2.46% 2.19% 2.89% 1.28% 1.18% 16.70% 5
S.4 2.87% 4.560% 2.45% 2.63% 3.86% 1.54% 1.27% 19.12% 4
S.5 2.85% 5.69% 3.01% 2.61% 3.82% 1.61% 1.59% 21.17% 2

4. Discussion

Research on electronic toll transaction systems on toll roads is actually not new and some developed
countries have also implemented the MLFT System policy on the toll roads they manage. Based on a
literature study conducted by Shahrier, et al. [237] studying and summarizing 316 research articles
related to electronic toll transaction systems, found the distribution of countries that have implemented
the electronic toll transaction system and variations in the selection of technology used. In addition, as
summarized in Table 1, previous research on electronic toll transaction systems on toll roads is
dominated by topics related to technology and its influence on toll road performance. However, this
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research focuses more on policy formulation to encourage the successful implementation of the Toll
Road MLFF System itself, so that the stakeholder involvement factor is also considered as one of the
factors that has the potential to affect the success of implementation.

The implementation of this research is driven by the phenomenon of barriers to the implementation
of a contactless cashless electronic toll transaction system with Multi Lane Free FFlow on Indonesian Toll
Roads, so this research aims to analyze key factors and alternative strategies that are considered to
affect the success of the implementation using the AHP method. The results of the analysis show that
the top three ranked key factors that must be considered in the formulation of this policy are the legal
framework, toll road performance, and public acceptance. This is in line with several previous studies
that discuss these factors, Kamiliah and Wijaya [87 stated in their research that the legal framework is
important to be carefully prepared. It is also reinforced by research Lixia, et al. [157] regarding the
readiness of data privacy protection through the certainty of the legal framework. The implementation
of the Toll Road MLFF System is also proven to improve the performance of the toll road itself, Rizal
[47] and Hidayatul [197] found similar results in separate studies, namely toll gates with a free flow
transaction system have higher capacity and can eliminate queues at toll gates when compared to
Automatic Toll Boards (GTO) and Semi-Automatic Boards (GSO) currently in operation. In addition,
other benefits can also be felt by implementing the Toll Road MLI'T System, as the results of a study in
Serbia, Milenkovi¢, et al. [37 found that the application of the MLFF system compared to the manual
system can reduce CO2 levels by 25-45% and Nox 382-98% depending on the type of vehicle and
scenario, and calculated the projected ecological benefits obtained by 1.85-1.49 million euros. Other
research related to public acceptance factors also shows that the implementation of the Toll Road
MLFF System policy needs to be supported by planning regarding the technology adaptation process
and device costs [147] as well as the socialization of the system and the benefits that will be felt by the
community [9, 10, 137].

More specifically at the indicator level, the analysis results also show a concentration similar to the
variable level, namely the toll transaction time ranked first in line with the main objectives of the Toll
Road MLFF System policy. The next ranked indicators have a similar focus framework, which is related
to legal aspects related to data privacy protection and security as well as law enforcement in the
implementation of the Toll Road MLFF System policy. The factors mentioned above ultimately lead to
the selection of the best recommended strategy alternative. The analysis found that the Alternative
Strategy with the first highest score is S.1, namely "Selection of the best electronic toll transaction
system technology" which shows that in the formulation of the Toll Road MLFF System
implementation policy in Indonesia it is recommended to prioritize the selection of the best type of
MLFF technology by considering various aspects. Although the selection of Global Navigation Satellite
System (GNSS) Technology to be used in the Toll Road MLFF System in Indonesia has been assessed
with a multi-criteria assessment approach reported in the Toll Road MLFF Feasibility Study document
in Indonesia. However, the technology recommendation is considered less tested because it is different
from the implementation experience of the party that compiled the feasibility study. Although the
alternative strategy related to the selection of the best technology excels in this study, this does not
indicate that the successful implementation of the Multi Lane Free Flow Toll Road electronic toll
transaction system in Indonesia can run through a single policy. Alternative strategies with the second
and third rankings related to stakeholder collaboration and preparation of the legal framework are also
important aspects that need to be prepared jointly by involving other stakeholders. This is because in
preparing the policy there are various aspects that are managed simultaneously such as toll road
infrastructure, toll payment transactions, traffic regulation, law enforcement, and digital technology
implementation.

Through the results of the analysis in this study, factors that can affect the successful
implementation of the Multi Lane Free Flow Toll Road electronic toll transaction system in Indonesia
are identified. In addition, key factors that can be prioritized in the preparation of the best alternative
strategy can also be compiled. Broadly speaking, the results of this study recommend the preparation of
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policies for the implementation of the Toll Road MLFF System to consider the preparation of legal
aspects through stakeholder collaboration in selecting the best technology to improve toll road
performance so that it can be well received by the public.

5. Limitations and Recommendations

The implementation of this research focuses on the preparation period for the implementation of
the Toll Road MLEFT System policy in Indonesia by involving expert sources who are directly involved
in the formulation and implementation of the policy. The results of this study can be recommended to be
considered in the formulation of policies related to the implementation of electronic toll transaction
systems on toll roads, but adjustments and re-analysis can be made by considering the conditions and
factors needed. Furthermore, for future research development, re-analysis can be carried out when the
Toll Road MLFF System policy in Indonesia has been implemented to further understand the
differences in factors that need to be considered between the planning and operational phases.

6. Conclusion

This research found that there are 7 (seven) main factors that have the potential to influence the
successful implementation of the Multi Lane Free Flow Toll Road electronic toll transaction system in
Indonesia to increase the speed of toll transaction services, namely public acceptance, legal framework,
investment costs, technology, toll road performance, data, and stakeholders. The seven main factors are
also detailed into 82 indicators to get sharper analysis results. The 38 (three) factors that are considered
the most influential based on AHP analysis are the legal framework with 25.7%, toll road performance
with 18.18%, and public acceptance with 14.28%. At the indicator level, the top 2 (two) rankings are the
toll transaction time indicator with 12.38% and privacy and data protection with 8.34%. Furthermore,
the weighting of the AHP analysis results is used to assess the best alternative strategies that
recommend the selection of the best electronic toll transaction system technology. However, this does
not indicate that the successful implementation of the Multi Lane Free Flow Toll Road electronic toll
transaction system in Indonesia can run through a single policy. Alternative strategies with the second
and third rankings relating to stakeholder collaboration and preparation of the legal framework are also
important aspects that need to be prepared jointly by involving other stakeholders. So, in general, the
results of this study recommend that the preparation of policies for implementing the Toll Road MLFF
System should consider preparing legal aspects through stakeholder collaboration in selecting the best
technology to improve toll road performance so that it can be well received by the public.

Transparency:

The authors confirm that the manuscript is an honest, accurate, and transparent account of the
study; that no vital features of the study have been omitted; and that any discrepancies from
the study as planned have been explained. This study followed all ethical practices during writing.

Copyright:
© 2025 by the authors. This open-access article is distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

References

1] Toll Road Regulatory Agency, Toll road regulatory agency annual report 2022: Improving toll road quality through
operation and maintenance technology innovation. USA: Toll Road Regulatory Agency, 2023.

[2] Ministry of Public Works and Public Housing, Regulation of the Minister of Public works and public housing No.

18/PRT/M/2020 concerning Contactless Non-Cash toll transactions on toll roads. Indonesia: Ministry of Public Works
and Public Housing, 2020.

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 8: 217-227, 2025

DOI: 10.55214/25768484.v913.5181

© 2025 by the authors; licensee Learning Gate


https://creativecommons.org/licenses/by/4.0/

7]
[8]

[9]
[10]

RN

[12]

[18]
[14]

[15]

[16]

[17]
18]
[19]
[20]

[21]
[22]

28]

227

M. Milenkovi¢, N. Stepanovi¢, D. Glavi¢, V. Tubi¢, I. Ivkovi¢, and A. Trifunovi¢, "Methodology for determining
ecological benefits of advanced tolling systems," Journal of Environmental Management, vol. 258, p. 110007, 2020.
https://doi.org/10.1016/j.jenvman.2019.110007

R. S. Rizal, "Re-evaluation of the implementation of the electronic toll collection system in Indonesia," Jurnal Ilmiah
Teknologi Infomasi Terapan, vol. 5, no. 2, pp. 1-12, 2019.

R. S. Samudero, "MLFF trials on Bali toll roads need a lot of evaluation. Detik,Com," Retrieved:
https://www.detik.com/bali/bisnis/d-7092459/ uji-coba-mlff-di-tol-bali-perlu-banyak-evaluasi. [Accessed 2023.

E. Fitriyanti, "Menteri Basuki akui ada masalah internal di sistem MLFF bayar tol tanpa henti. Kumparan.Com,"
Retrieved: https://kumparan.com/kumparanbisnis/menteri-basuki-akui-ada-masalah-internal-di-sistem-mlff-bayar-
tol-tanpa-henti-20YSpU5YGyW/full. [Accessed 2023.

T. L. Saaty, The analytic hierarchy process. United States: McGraw-Hill, 1980.

D. R. Kamiliah and C. Wijaya, "Policy issues and challenges in the introduction of electronic toll collection in
Indonesia: A qualitative system dynamics approach," Migration Letters, vol. 20, no. 8, pp. 784-798, 2024.

T. S. Sumardi, H. Oneyama, and M. Yanagihara, "Critical examination of multilane free-flow tolling system
implementation in Indonesia," presented at the E3S Web of Conferences, 2024.

A. Y. Harnanda, S. Priyanto, and M. Z. Irawan, "Determining factors of interest in the use of technology readness
based Multi Lane Free Flow," International Journal of Economics, Business and Accounting Research, vol. 6, no. 4, pp. 1-
21, 2022

F. A. Hidayat and T. Kurniawan, "Multi lane free flow policy analysis based on public service and public
administration  legal  studies," Jurnal  Ilmu  Hukum, vol. 9, no. 1,  pp- 116-122,  2024.
https://doi.org/10.80596/dll.v9i1.18492

K. A. Papandreou, "Bridging the gap between conventional toll plaza-based open tolling schemes and distance-based
closed MLFF ETC schemes: The case of the hybrid toll system in Olympia Odos Motorways, Greece," Journal of
Transportation Engineering, vol. 45, no. 8, pp. 105-120, 2020.

A. Budiharjo, S. Ratri, M. Keselamatan, T. Jalan, and P. Keselamatan, "Study of multi lane fee flow (MLFF),"
Implementation on Indonesian Toll Roads, vol. 10, no. 2, pp. 45-58, 2019.

I. Hermawan and D. T. H. Aruan, "Technology of acceptance systems of toll roads payment: Comparison of E-Toll
payment system and MLFF technology of trans sumatera toll road," International Journal of Engineering Business and
Social Science, vol. 1, no. 05, pp. 439-466, 2023. https://doi.org/10.58451/ijebss.v1i05.81

X. Lixia, Z. Lun, and Y. Yuchen, "Privacy issues and relative solutions existing in electronic toll collection," in
Proceedings of the 2013 International Conference on Electronic Information and Communication Technology, IEEE, 2013, pp.
85-88.

S. Vats, G. Vats, R. Vaish, and V. Kumar, "Selection of optimal electronic toll collection system for India: A
subjective-fuzzy decision making approach," Applied Soft Computing, vol. 21, pp. 444-452, 2014
https://doi.org/10.1016/].as0¢.2014.04.006

X. Li, W. Zeng, and H. Liang, "Analysis of the Influence of the front vehicle on the propagation loss of ETC system
of the back vehicle," IEEE Access, vol. 11, pp. 138108-188121, 2023. https://doi.org/10.1109/ACCESS.2028.3339762
P. J. Recky, "Total solution for smart traffic and toll roads management in Indonesia," Devotion: Journal of Research
and Community Service, vol. 3, no. 2, pp. 149-157, 2021. https://doi.org/10.36418/dev.v8i2.119

R. A. Hidayatul, "How electronic toll collection deployment affects transport system efficiency: The study of
Indonesia toll road network," Journal of Transportation and Infrastructure Engineering, vol. 12, no. 4, pp. 223-234, 2019.

R. K. Mavi and C. Standing, "Critical success factors of sustainable project management in construction: A fuzzy
DEMATEL-ANP  approach,"  Journal — of  Cleaner  Production, vol. 194, pp. 1751-765, 2018.
https://doi.org/10.1016/].jclepro.2018.05.120

E. Nara, C. Besteiro, J. De Souza Pinto, and O. Novaski, "Success factors in project management," Business
Management Dynamics, vol. 4, no. 9, pp. 9—84, 2015.

Y -C. Chiou, R.-C. Jou, C.-Y. Kao, and C. Fu, "The adoption behaviours of freeway electronic toll collection: A latent
class modelling approach," Transportation Research Part E: Logistics and Transportation Review, vol. 49, no. 1, pp. 266-
280, 2018. https://doi.org/10.1016/].tre.2012.09.003

M. Shahrier, A. Hasnat, J. Al-Mahmud, A. S. Huq, S. Ahmed, and M. K. Haque, "Towards intelligent transportation
system: A comprehensive review of electronic toll collection systems," IET Intelligent Transport Systems, vol. 18, no. 6,
pp- 965-983, 2024. https://doi.org/10.1049/itr2.12500

Edelweiss Applied Science and Technology
ISSN: 2576-8484

Vol. 9, No. 8: 217-227, 2025

DOI: 10.55214/25768484.v913.5181

© 2025 by the authors; licensee Learning Gate


https://doi.org/10.1016/j.jenvman.2019.110007
https://www.detik.com/bali/bisnis/d-7092459/uji-coba-mlff-di-tol-bali-perlu-banyak-evaluasi
https://kumparan.com/kumparanbisnis/menteri-basuki-akui-ada-masalah-internal-di-sistem-mlff-bayar-tol-tanpa-henti-20YSpU5YGyW/full
https://kumparan.com/kumparanbisnis/menteri-basuki-akui-ada-masalah-internal-di-sistem-mlff-bayar-tol-tanpa-henti-20YSpU5YGyW/full
https://doi.org/10.30596/dll.v9i1.18492
https://doi.org/10.58451/ijebss.v1i05.81
https://doi.org/10.1016/j.asoc.2014.04.006
https://doi.org/10.1109/ACCESS.2023.3339762
https://doi.org/10.36418/dev.v3i2.119
https://doi.org/10.1016/j.jclepro.2018.05.120
https://doi.org/10.1016/j.tre.2012.09.003
https://doi.org/10.1049/itr2.12500

