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Abstract
Electronic toll collection system using Radio Frequency Identification (RFID) is the modern technology that enables the automatic toll collection from the prepaid account of the vehicle owner in cashless way and allows vehicles to pass through the toll plaza without stopping for payment. The most important benefit of this technology includes time saving due to the elimination of cash payment and traffic congestion. It also ensures accountability and transparency of the toll operator by terminating cash handling. In this study, Factors affecting the performance of ETC in Bangladesh have been assessed with the help of the Questionnaire Survey and Key Informant Interview. A total of thirty samples were surveyed at Bangabandhu multi-purpose bridge. It was revealed from the study that there are several factors affecting the performance of Electronic Toll Collection System in Bangladesh. People are not adapted to smart cash due to the lack of trust, so they are not interested about ETC. Lack of publicity is another factor. As ETC is at its preliminary phase, it would take time to overcome the challenges. It was found from the study that introduction of toll discount and credit system with continuous promotional campaign would make ETC effective. It needs an integrated system of communication, monitoring, and modern uninterrupted technology to support the consistent operation of the system in the payment of toll in line with the viewpoint of Digital Bangladesh. 
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Introduction
[bookmark: _Hlk113744154][image: ]Development of road tolling systems from Manual Toll Collection (MTC) to Electronic Toll Collection (ETC) seems to be a remarkable achievement in the smart and intelligent transport system. Electronic toll collection system is the modern technology that enables the automatic toll collection from the prepaid account of the vehicle owner in cashless way and allows vehicles to pass through the toll plaza without stopping for payment. ETC benefits can be generally divided into three categories: user benefits, toll agency benefits and social benefits (Choudhury 2003). The user benefits include time saving due to the eradication of cash payment and traffic jam. Moreover, significant amount of fuel is saved due to unhindered movement of the vehicles. The toll agency benefits are reduction in operating cost, lessening in man labor, reduction in maintenance cost, and cash handling. The social benefits include the reduction in fuel discharges that effect the adjacent areas of toll plaza. Moreover, ETC system is paperless, uses Short Message Service (SMS) instead of receipts. Despite various benefits over MTC, ETC is remain ineffective in Bangladesh, particularly in Bangabandhu multi-purpose Bridge on Jamuna river.

William Vickrey, the Nobel prize winner, in 1959, was the first who proposed electronic toll system for Washington Metropolitan area (Andurkar & Ramteke, 2015). Free flow tolling with signal devices were placed in highways in 1960’s and 1970’s. World’s first use of fully unassisted full speed electronic toll system was introduced in Norway on 1991. In Asia, Hongkong introduced ETC for the first time in 1992. In south-east Asia, India launched ETC in 2013 and Bangladesh in 2019.  Roads and Highways Department of Government of Bangladesh introduced a smart system called ‘Windshield Based First Track Electronic Toll Collection (ETC)’ on April 30, 2019 at the Meghna, the Gomoti and the Bhairob bridges. Bangladesh Bridge Authority launched fast track Electronic Toll Collection (ETC) lane for piloting on December 15, 2020 at the East and West toll plazas of Bangabandhu Bridge on Jamuna river.
Now a days, ETC is employed worldwide, being continually transformed. Table-1 shows that many countries still use a hybrid of manual toll collection and ETC.
Table-1: worldwide Status of ETC 
	Country 
	Vehicles Types
	Toll charging technology
	comments

	Australia
	All types
	Manual or e-tag with e-pass
	ETC was introduced on 1995

	Bangladesh
	All types
	ETC and MTC - both need personnel. RFID technology
	ETC was launched on 2019.

	India
	Small, Standard, mid-size, large-size, heavy.
	Mostly MTC, also ETC slowly being introduced
	ETC was introduced on 2013.

	USA
	All types – number of axles determines charge.
	Mostly ETC by RFID technology.
	 ETC was launched on 1993.

	Hong Kong
	All vehicles, charges by vehicle type, weight, size and number of axles
	First MTC, ETC in 1992 now FFTS using RFID for toll tags, ANPR for others
	ETC was introduced on 1992.

	Norway
	All types and depends on size of vehicle and number of passengers
	Originally MTC but moved to ETC RFID for all
	ETC was launched on 1991

	China
	All types, charge according to vehicle size and increasingly by weight
	RFID technology with ETC, moving to 5G technology
	ETC was introduced on 2007

	Japan
	Small, standard, mid-size, large-size vehicle
	ETC 2.0 (ETC card) MTC moving to hybrid, ETC introduction.
	ETC was launched on 2001.

	Singapore
	All types
	RFID technology
	ETC was introduced on 1998.

	South Korea
	All types
	RFID and vehicles need OBU and H-Tag
	ETC was launched on 2000

	Paraguay
	
	Currently MTC, planning smart systems.
	ETC not yet introduced.

	Morocco
	All vehicles pay, including motorcycles.
	Tolls in cash. MTC/machine, moving to ETC
	ETC was introduced on 2014. 



[bookmark: _Hlk110982503][bookmark: _Hlk110629244][bookmark: _Hlk110627704][bookmark: _Hlk110627590][bookmark: _Hlk110979951]The dream of ‘Digital Bangladesh’ was first expressed in the election manifesto of Bangladesh Awami league on 2008. After winning the election, Government took various initiative to materialize this dream. ‘Access to information (A2I) project (now named as Aspire to Innovation) was the first important step to implement ‘Digital Bangladesh’. Cabinet division and ICT division also played vital role. Different ministries, attached department and field offices adapted digital technologies and innovation to provide services at the doorstep of the citizens. The government has taken up massive development program in light of the 'Vision 2021' and 'Vision 2041.' Recently the Government of Bangladesh has commended Bangladesh Delta Plan 2100 (Planning Commission, 2018), which is a long-term plan. As a part of Digital Bangladesh, Bangladesh Bridge Authority launched fast track Electronic Toll Collection (ETC) lane for piloting on December 15, 2020 at the East and West toll plazas of Bangabandhu Bridge on Jamuna river. An average of 21,000 vehicles cross the Bangabandhu Bridge every day. While collecting toll from such a large number of vehicles, lines of 3-4 vehicles are often formed in some lanes. Apart from this, when the number of vehicles exceeds 50,000 on Eid or various festivals, the queue of vehicles on the lane becomes very long. Automatic crossing of vehicles is possible at toll plazas using fast track ETC lane. Ambulance and other emergency vehicles also can pass instantly. The facility is available by using Dutch-Bangla Bank Limited’s Nexus-Pay or Rocket Account Toll Card. And the toll can be easily paid through active Radio-Frequency Identification (RFID) tags present in the user’s vehicle. No one has to wait even a moment at the toll plaza to pay cash; vehicles can cross the toll plaza using the fast track lane on priority basis and unhindered. Despite various advantages, the number of vehicles registered to cross through ETC on Bangabandhu Bridge is only 394. Average daily income in ETC is only 40,914 Tk. in comparison to average daily income in MTC is 1,90,16912 Tk. from January 2021 to July 2022. Unfortunately, the contribution of ETC is only 0.22% of total tool collection. This study explores the reasons of slow progress of ETC in Bangabandhu Bridge despite various advantages over manual toll collection system (MTC).

Statement of the Problem
[bookmark: _Hlk110979915][bookmark: _Hlk110979332]The electronic toll collection system has various advantages over traditional manual toll collection system. In manual toll collection system, the vehicles are required to halt at toll booth for cash payment which results in traffic congestion in toll plaza and emission of fuel. All those drawbacks are eradicated by the introduction of electronic toll collection system as it is a cashless technology. Despite various advantages, the number of vehicles registered to cross through ETC on Bangabandhu Bridge is only 394. Average daily income in ETC is only 40,914 Tk. in comparison to average daily income in MTC is 1,90,16912 Tk. from January 2021 to July 2022. Unfortunately, the contribution of ETC is only 0.22% of total tool collection. The main problem lies in the ineffective use of Electronic Toll Collection System in Bangabandhu Bridge despite various advantages over manual toll collection system.  

Research Objective
The main objective of this study is mentioned in the following:
I. [bookmark: _Hlk110980754][bookmark: _Hlk111409581]To examine the performance of Electronic Toll Collection in Bangabandhu multi-purpose Bridge;
II. [bookmark: _Hlk111409547]To find out the factors, which affect the progress of Electronic Toll Collection system;
III. To draw some policy guidelines. 

Research Question
What are the factors affecting the progress of Electronic Toll Collection system in Bangabandhu multi-purpose Bridge?
Rationale of the study
The Electronic Toll Collection System has massive effects in toll collection business globally. Bangladesh is far behind the developed nations in applying this technology in toll management system. ETC has been launched on 2020 at Bangabandhu bridge. Until now, a few studies have discussed the prospects and the slow progress of ETC; nevertheless, there are significant benefits of such technology.  Assuming that the total time taken by one vehicle to stop and pay toll in manual toll collection system is 60 seconds and average 20991 vehicles pass the toll plaza every day. The average stop time taken by one vehicle in a month is equal to 30 x 60 seconds or 1800 seconds. The total stop time taken in a year equals to 12 x 1800 seconds or 6.0 hours. On an average, each vehicle passing through the toll plaza has to wait 6.0 hours in engine start condition in a year. If, on average, 20991 vehicles pass through the toll plaza each day, then 76,61,715 vehicles cross through the toll plaza in a year. Every year 76,61,715 vehicles stand still for 6.0 hours in engine start condition, thereby abetting traffic congestion, pollution and wasting fuel and money. Despite various advantages, the number of vehicles registered to cross through ETC on Bangabandhu Bridge is only 394 and the contribution of ETC is only 0.22% of total tool collection. The slow progress of ETC is alarming. The study would support in planning, operation, and maintenance of ETC in Bangladesh. This study would be aligned to the Sustainable Development Goal (SDG) No. 9 that is on Industry, Innovation and Infrastructure & Goal (SDG) No. 11, which is on Sustainable Cities and Communities.
 
Literature Review
Electronic toll collection system is the technology that enables the automatic electronic toll collection from the prepaid account registered on the name of vehicle owner, determining whether the vehicle is registered or not and informs the toll authorities circumventing toll violations (Andurkar GK & Ramteke VR 2015). Electronic Toll Collection (ETC) systems designed at increasing traffic flow by reducing toll transaction time (Chaudhary 2003).  Abdulla et al. (2015) showed ETC system comprises of four main components which are automatic vehicle identification used to check vehicle eligibility and vehicle classification planned to classify type of the car in order to charge different fare of transaction process. Ahmed et al. (2019) studied that in modern Electronic Toll Collection system has shown to benefit in fact feasible and financially attractive in advance society to facilitate users by collecting tolls electronically in highway without delay. Utilization of automated toll collection gate will help to improve the toll service by saving time, saving fuel & reducing gas discharge. In the proposed system RFID reader will read the RFID tags that are mounted on vehicles and the system will automatically deduct a specific amount of toll from the scanned tag with the help of the database. Automatic process of toll collection will save time, effort, and man power. Automated systems are RFID based FASTag toll collection system which speeds up the toll collection process and hence reduces the traffic jams at the toll plaza (Joshi et al. 2017). Smart/automated toll collection system is the hassle-free way for collecting toll fess. The innovation of BLE (Bluetooth Low Energy) based toll collection system is much more cost effective compared to other NFC based system (Uddin 2019). RFID-based ETC is the most suitable alternative for Indian roads in current situation. ANPR stands on second podium and is the most suitable option after RFID-based ETC in India. Due to high cost VPS-based ETC derives at third position despite of the fact that it is highly flexible and effective for multitasks. Barcode-based and infrared-based systems are out of merit because of inadequate features and lack of maturity respectively (Vats et al. 2014).  Khan (2019) studied that Massive publicity is required to develop the awareness of the benefits of ETC. To speed adoption of ETC, some portion of the cost savings could be returned as a discount for ETC users to optimize the use of the lanes, leaving everyone better of (Levinson & Chang 2002). Makino & Tsuji (2006) studied the importance in deploying ETC system is three-fold. First, ETC systems were installed at almost all tollgates in a short period of time to augment services of ETC operations. The second benefits users who prepare for ETC use. A reduced toll charge is offered only to ETC vehicles. The third point is a price reduction achieved by industrial effort and system integration with in-car navigation systems. FasTrak Electronic tolling system offers sufficient benefit to California that users should receive an incentive in the form of a toll discount for using the system. Another suggestion is to extend the queuing lanes for FasTrak to maximize benefits for users. A marketing campaign is also recommended (Bedolla et al. 2007). JoséHolguín-Veras & MichaelPreziosi (2011) suggested that from the policy viewpoint, in order to increase ETC use, the difference between cash and ETC tolls should be enhanced, and accompanied with outreach campaigns to raise awareness of the toll discounts available to ETC users. While going through the literature as stated above, it is to be noted that no research specifically covered the area of study under this research. Hence, this issue gets the novelty to be a research agenda.

Conceptual framework
Radio Frequency Identification (RFID) based ETC depend on radio waves to identify onboard gadgets. In this system, RFID tag which stores a unique serial number associated with a user's account, is mounted on the windshield of the vehicle. Each tag communicates through radio frequency waves and contains electronically stored data such as a unique vehicle identification number, vehicle registration number, vehicle classification, number of the axle of the vehicle, and permissible weight. While the vehicle passes through the toll plaza, RFID reader reads the information about the balance of the vehicle with the help of RFID tag. If the vehicle has adequate balance in its account, the toll money has been deducted and balance has been updated in database (khan 2019).
ETC offers various advantages over traditional manual toll collection system such as reduction of traffic congestion and fuel emission. Despite huge benefits, the user of ETC is still not satisfactory. To overcome the slow progress of ETC at the initial stage, massive publicity in the media may improve the bleak situation. Introduction ETC in all toll bridges and roads may also extend the number of users. In addition, some incentive for the ETC users such as discount on toll may contribute to the wide-spread use of ETC (Makino & Tsuji 2006).

Methodology
The study is based on both primary and secondary data. The secondary data is collected from literature and pertinent reports. The data on traffic volume and congestion would be collected from the concerned agencies. The primary data also collected through Key Informant Interview and Questionnaire Survey.
The questionnaire survey is a well-known and widely-used research technique for quickly and efficiently gathering and analyzing data from a population under study. Questionnaire surveys have been used in transport planning. The questionnaire survey will be conducted in the Bangabandhu multi-purpose Bridge toll plaza. Besides open survey questions, the survey questionnaire also comprised of some closed questions. One question to the respondents will be whether they know about the launching of ETC in Bangladesh. The other closed question is about the necessity of introducing ETC in Bangladesh. Vehicle drivers, owners and toll operators are included as respondents.
In addition to the questionnaire survey, key informant interview will also be applied to collect relevant data on the factors affecting the performance of ETC in Bangladesh. The Key Informant Interviews involve interviewing individuals who have particularly acquainted viewpoints on an aspect of the agenda being considered. The officers of Bridges Division and Bangladesh Bridge Authority both technical and non-technical will be interviewed. The officers of the site office will also be cross-examined. Key informant interviews are qualitative in-depth interviews with relevant stakeholders. Key Informant Interviews resemble a discussion among acquaintances permitting free flows of ideas and information. The purpose of key informant interviews for the present study is to gather data from a wide range of people who have first-hand knowledge about the ETC. 

Data analysis and Findings
Present condition of ETC at Bangabandhu Bridge
Some of the important data on registered vehicle, average daily and monthly traffic & revenue of MTC and ETC of Bangabandhu multi-purpose Bridge are collected from the Site office of Bangladesh Bridge Authority.
The number of vehicles registered to cross through ETC on Bangabandhu Bridge is 394.
Table 2: The number of different kind of vehicles registered to ETC on Bangabandhu Bridge
	Type of vehicle registered
	Number of vehicles registered

	Bus
	53

	Small Truck
	110

	Truck (5-8 Ton)
	122

	Truck (above 8 Ton)
	48

	Pickup
	59

	Car-jeep
	2



Bangladesh Bridge Authority launched fast track Electronic Toll Collection (ETC) lane for piloting on December 15, 2020 at the East and West toll plazas of Bangabandhu Bridge on Jamuna river. Total 12,088,939 vehicles passed through MTC in last 19 month from January, 2021 to July, 2022. At the same time, 10,972,758,070 Tk. revenue were collected by MTC. Highest 826,159 vehicles were passed on May,2021. On the other hand, 22,820 vehicles used ETC and 23,636,150 Tk. revenue were collected by ETC. The comparison of monthly traffic of MTC and ETC is showed in the following:


Figure-1: Comparison between monthly traffic of MTC and ETC

The average daily traffic was 20,951 and 40 on MTC and ETC respectively, is given in the following:

Figure-2: Comparison between daily average traffic  of MTC and ETC
Daily Average vehicle count and daily average revenue in 2021 and 2022 with ETC are mentioned below-
Table-3: Daily average number of vehicles and Daily average income on ETC
	Year
	Daily average number of vehicles
	Daily average income (TK)


	2021
	26
	26,814

	2022(Till July)
	64
	65,324



The use of ETC is increased gradually at the first half of the year 2022, nonetheless the progress is very slow.


Assessment of the Awareness about ETC in Bangladesh
20 drivers and 10 toll operators were asked in the questionnaire survey in relation to the awareness of ETC, its usefulness in regarding traffic congestion and challenges to implement its effective use. It was found the majority of drivers and vehicle owners are not familiar with the introduction of ETC (Figure: 3-4).  They opined that ETC remains ineffective due to the various reason such as lack of publicity, its inception during Covid pandemic, complexity of registration and payment of toll after collection of fare (Figure: 9-12). But they also realized that ETC helps to reduce traffic congestion at toll plaza (Figure-6) and it should be introduced in all large bridges of Bangladesh (Figure-5). They also questions for the opinion to make it effective.  Majority of them supported the introduction of toll discount in ETC to utilize it effectively (Figure-13). But many of them opposed the initiative of credit system in ETC as effective measure (Figure-14). Even though the study employed an inadequate amount of primary data regarding the assessment of performances, challenges and prospects of the ETC in Bangladesh, nevertheless, the reliability of the study cannot be defied because of the vigorous findings; the results are consistent with the findings of other studies (Singh et al. 2019; Kamarulazizi and Ismail, 2010; Satyasrikanth et al., 2016).
It is found that the drivers are not also very much familiar with the introduction of ETC in Bangabandhu Bridge. Only 35% driver are aware of the introduction of ETC. One of the main causes of ignorance is lack of promotional campaign. Figure-3 shows the awareness level of the drivers about the introduction of ETC in Bangabandhu Bridge.






Figure-3: Awareness of drivers on the introduction of ETC on Bangabandhu bridge
[bookmark: _Hlk113387808]The vehicle owners are not also very much familiar with the introduction of ETC. Only 40% vehicle owners are aware of the introduction of ETC. One of the main causes of ignorance is lack of promotional campaign and stakeholder consultation. Figure-4 shows the awareness level of the vehicle owners about the introduction of ETC. 


Figure-4: Awareness of vehicle owners on introduction of ETC

83% of them believed that ETC should be installed in toll gate of all large bridges of the country.   Figure- 5 shows that respondent’s consciousness about the benefits of ETC. 

Figure-5: Requirement of introduction of ETC in all large bridges in bangladesh

71% of drivers and toll operators opined that ETC reduces traffic congestion at toll palza. Figure- 6 shows that respondent’s awareness about the benefits of ETC. 







Figure-6: Reduction of traffic congestion due to ETC

70% respondents expressed that there was lack of promotional campeign about the introduction of ETC. Figure-7 shows the inadequecy of publicity about ETC.


Figure-7: Adequacy of publicity on the introduction of ETC

87% of respondents opined that ETC is not used effectively. Figure-8 shows the opinion of respondent about the effectiveness of ETC.
	



Figure-8: Opinion regarding effective use of ETC

The respondents identified various reasons for the ineffective use of ETC. 67% of them identified lack of publicity. Figure- 9 shows the factors affecting the performance of ETC.


Figure-9: Ineffective use of ETC due to the lack of publicity

50% of respondents identified Covid pandemic as the important challenges to make ETC effective. Figure-10 shows challenges that affect the performance of ETC. 







Figure-10: Ineffective use of ETC due to its introduction during covid pandemic

87% of respondents identified payment of toll after collection of fare as the important challenges to make ETC effective. Figure-11 shows challenges that mark the performance of ETC.


Figure-11: Ineffective use of ETC due to the payment of toll after collection of fare

90% of respondents indentified complexity of registration as the important challenges to make ETC effective. Figure-12 shows challenges that influence the performance of ETC.

Fig-12: Ineffective use of ETC due to the complexity of registration

97% respondents opined that toll discount will be an incentive to make ETC effective. Figure-13 shows toll discount as a measure to be taken to make ETC effective. 


Figure-13: Toll discount as a measure to be taken to make ETC effective

46% of respondent expressed that credit system will be another option for the effective use of ETC. Fig: 14 shows credit system as a measure to be taken to make ETC effective. 



Fig-15: ETC will be effective by introducing credit system in toll collection

Key Informent’s Opinion abot ETC
Key Informant Interview was conducted to identify present performance level of ETC, its benefit, challenges to operate this technology, its prospects in future and probable measures to be taken to make it effective. Key informants are high level officer of Bridges Division, Engineers and IT personnel of Bangladesh Bridge Authority and Engineers of Bangabandhu Bridge site office. High officials of Bridges Division opined that the progress of ETC is not satisfactory. They identified several challenges. First, people are not accustomed to smart cash due to the lack of trust, so they are not interested about ETC. Lack of publicity is another factor. Moreover, as different bridges under Bridges division are operated by different foreign companies, there is a lack of co-ordination to implement ETC. It is noted that Bangabandhu multi-purpose bridge is operated by Chinese company and Padma Bridge is maintained by Korean company. In addition, vehicle owners are not familiar with the benefit of ETC. They instructed the drivers to give toll manually from the fare, as they did not give any advance money to the drivers. Engineers of Bangladesh Bridge Authority opined that partnership with only Dutch-Bangla Bank Limited’s restricts the widespread and effective use of ETC. IT personnel expressed that sometimes RFID tags were remained inactive and not performing well.
Engineers of site office added some challenges. After the introduction of ETC in Bangabandhu bridge, the transport owners were not interested due to the losses in the transport sector owing to the outbreak of the pandemic corona virus in the country. Moreover, Bus owners will collect the bus fare and pay the toll in cash, they are not interested in keeping the money in the bank in advance. In addition, Vehicle owners are less interested in registering with ETC as there is no incentive system for crossing on ETC. 
[bookmark: _Hlk113312317]In order to make ETC effective, KII suggested some measures. Firstly, continuous publicity campaigns must be conducted to increase the number of registered vehicles. The registration process should be simplified so that payment can be made through any online system. Then, some toll discount can be offered. Roads and Highways Division offered 10% toll discount for uses of ETC of their bridges. But it is difficult for the Bridges division to give toll discount as they have to repay the debt according to the amortization schedule.  Moreover, credit system can be introduced in ETC. BRTA can be integrated in this system to realize this credit. When the vehicle report to BRTA office for the fitness certificate, they can realize the unpaid credit for using ETC. In addition, RFID tag should be periodically checked and ascertained it to be active and unified. Some officials suggested to align bKash in the ETC system along with the Dutch-Bangla Bank Limited’s Nexus-Pay or Rocket Account Toll Card, as it has maximum network throughout the country. Other mobile banking system such as Nogod, Upay can be added to extend the coverage.

[bookmark: _Hlk113290594]Problem of the existing Manual Toll collection System
There are several difficulties arising from the existing Manual Toll collection System. The majority of Informant expressed that significant time is required for cash change in the manual toll collection system. Sometimes cash change is not available and it creates an unwanted embarrassing situation for vehicle drivers and toll collector.  It causes more time stopping of the vehicle at the toll plaza which leads to traffic congestion. Some of the government agencies enjoy toll exemption. Due to exemption culture, other government agencies also pursue for the toll exclusion. Some influential people also want to avoid the toll.  Some people have the tendency not to pay the toll. Sometimes the cash register does not work properly, which hinders toll collection (Khan 2019). This problem causes a delay in receiving the payment. This is one of the primary reasons for the severe traffic jam in the toll plaza. A long queue of vehicles consumes a substantial time in the toll gate. In addition, there may be a chance of pilferage of toll money as it requires manual money handling, which leads to the absence of transparency in MTC system.

Factors affecting the performance of ETC
 ETC is the automation of toll collection which facilitates the vehicle to pass through the toll gate without any hindrance and toll fee are deducted from the online bank account of the vehicle owners. It reduces traffic congestion, eliminates cash transaction and decreases fuel emission. Despite huge benefit of ETC, it remains ineffective in Bangabandhu Bridge due to various factor. People are not adapted to smart cash due to the lack of trust, so they are not interested about ETC. Several studies show that only 2% people habituated to use smart card. Lack of publicity is another factor. Bridges Division as well as its partner Dutch-Bangla Bank Limited did not have the continuous effort to build awareness among the stakeholders such as vehicle drivers and owners.  As some of the vehicle owners are not conscious of the ETC, they are yet to apply for registration to be able to utilize the ETC lane for automatic toll payment. Some of the drivers even pass the ETC lane without knowing about it. Also, some vehicles registered in automatic system don’t use ETC lane due to a lack of understanding. Some of the vehicles arrive the ETC lane do not have enough money in their account for automatic payment. In this case, they must go back and pay toll manually. Eventually, this causes traffic congestion in the toll plaza. Sometimes, Authority uses ETC lane for manual toll collection due to the scarcity of vehicle registered in ETC. 
As different bridges under Bridges division are operated by different foreign companies, there is a lack of co-ordination to implement ETC. It is mentioned that Bangabandhu multi-purpose bridge is operated by Chinese company. On the other hand, Padma Bridge is maintained by Korean company. Moreover, vehicle owners are not familiar with the benefit of ETC. They instructed the drivers to give toll manually from the fare, as they did not give any advance money to the drivers. Bus drivers and owners will collect the bus fare and pay the toll in cash, they are not attracted in keeping the money in the bank in advance. In addition, partnership with only Dutch-Bangla Bank Limited restricts the general use of ETC. Another factor is that the transport owners were not interested during onset of ETC due to the losses in the transport sector owing to the outbreak of the pandemic corona virus in the country.  They are also less interested in registering with ETC as there is no incentive system for crossing on ETC. Even some of the vehicles registered for ETC did not trigger the RFID tag and cannot use the ETC lane. Registering for ETC would incur a significant cost, and this is why they are not interested for ETC. Indeed, this is due to a lack of awareness and confusion about the value of ETC registration. Some of the interviewees ascribed the limited use of ETC lane to the reluctance of the toll operator and non-cooperation from the BRTA officials. It is obvious that at the preliminary phase, some of the difficulties could arise as some of the drivers and the vehicle owners are not aware of the benefits of the ETC. It needs an integrated system of communication, monitoring, and modern uninterrupted technology to support the consistent operation of the system. In addition, this demands for a concerted effort from all stakeholders to make the system effective and sustainable in the long run.

Prospects of ETC in the Context of Bangladesh
There are enormous benefits of introducing ETC in Bangladesh. The key informant interview has recognized a mass of benefits of ETC. They think that traffic congestion at toll plaza is reduced due to the introduction of ETC at Bangabandhu Bridge particularly during festival like Eid. It eases the free movement of vehicles through toll plaza. The toll transaction rate is highly increased due to the use of ETC systems. The deceleration, acceleration and idling are totally abolished (Choudhury 2003). This results in gas saving for the vehicles using ETC. At the same time, vehicular emissions are reduced. Besides the elimination of acceleration and deceleration results in saving of the operational cost of the vehicles. Over a period of time, the toll collecting cost is decreased. There is reduction in the man-hour required as the system does not require any human interface for the toll transaction. They expressed that the transparency and accountability of the toll operators are confirmed as it is a mechanized system. Most of the people emphasized the time saving as the substantial benefits of ETC, as the vehicle moves freely through toll plaza. The data reveals that 83% drivers suggest the requirement of ETC in all large bridges of Bangladesh.
The benefits of the ETC, as identified through the questionnaire survey, are as follows: The traffic jam at toll gate is significantly reduced. ETC users do not halt for paying toll, thus there is significant saving in the travel time. Moreover, it is found that the ETC has reduced the number of accidents near the toll premises due to a significant decline in congestion of vehicles at toll gate. ETC offers payment flexibility as the drivers do not have to concern about searching for cash for the toll payment. As the users open an account with the ETC server, the toll is deducted from the online account automatically.  There is no cash transaction for the ETC lane so cash handling is reduced so complications with cash handling is removed. In addition, Data such as vehicle count over the time of the day, date, time etc. can be found due to the installation of ETC. This supports in making decisions regarding the pricing strategies for the toll providers. It also aids planner to estimate the travel time that help in designing assumptions.  
  
Measures to make ETC effective
The key informants expressed their views about the appropriate measures that can be taken to make ETC effective. Firstly, continuous publicity campaigns must be conducted to increase the number of registered vehicles. Bridges Division can engage its public relation section for continuous promotional campaign of ETC in electronic and press media.  Media also can address the benefits of ETC. Bangladesh Bridge Authority can arrange periodical consultation meeting with the stakeholders such as, bus transport companies, vehicle owners, drivers, bus transport owner's association, transport sectors labor organization, BRTA, BRTC, media to follow-up the progress of implementation of ETC. They also opined that ETC should be introduced in all the toll bridges and roads. Once completed, it will increase the number of ETC registration. The registration process should be simplified so that payment can be made through any online system. Then, some toll discount can be offered. Roads and Highways Division offered 10% toll discount for uses of ETC of their bridges. But it is difficult for the Bridges Division to give toll discount as they have to repay the debt according to the amortization schedule. Nonetheless, toll discount should be offered in ETC which leads to the increase of toll revenue in the long run by eliminating pilferage in the manual toll collection.  Moreover, credit system can be introduced in ETC. BRTA can be integrated in this system to realize this credit. When the vehicle report to BRTA office for the fitness certificate, they can realize the unpaid credit for using ETC. In addition, RFID tag should be periodically checked and ascertained it to be active and unified. This can be informed to the drivers and owners by sending a short text message in their mobile phone, stating the date and place receiving an updated RFID tag. Some officials suggested to integrate bKash in the ETC system along with the Dutch-Bangla Bank Limited’s Nexus-Pay or Rocket Account Toll Card, as it has maximum network throughout the country. Other mobile banking system such as Nogod, Upay can be added to extend the coverage. Indeed, concerted efforts from all corners can move the ETC forward and make the modern technology in the payment of toll in line with the viewpoint of Digital Bangladesh.
Action plan for implementation of recommendations
Table-4 Action plan for implementation of recommendations
	Sl. No.

	Action required
	People/Organizations involved
	Time-line
	Resource required

	01
	Continuous publicity campaigns about ETC
	Public Relation Officer
Print and electronic media
	2 months
	TK. 1000000

	02
	Consultation meeting with the stakeholders periodically
	Technical Wing, BBA
	Once per month
	Tk. 60000

	03
	Introduction of ETC in all toll bridges and roads
	Roads & Highways Division
Technical Wing, BBA
	2 months
	Tk. 40000000
50 IT expert

	04
	Introduction of toll discount
	Bridges Division
	15 days
	Issue an office order

	05
	Introduction of credit system
	Bridges Division
BRTA
	1 month
	Issue an office order

	06
	Checking of RFID tag periodically
	BRTA
	1 month
	100 vehicle inspectors
500000 RFID tag

	07
	Integrating other mobile banking system in ETC along with the Dutch-Bangla Bank Limited
	Bridges Division
Bangladesh Bank
	1 month
	5 technical executives


Conclusion
Electronic toll collection system is the modern technology that enables the automatic toll collection from the prepaid account of the vehicle owner in cashless way and allows vehicles to pass through the toll plaza without stopping for payment. It reduces traffic congestion and fuel discharge in toll plaza. Toll operators would also be benefitted from the operation of this technology. ETC eliminates the gray area of toll collection and thus, improves the accountability and transparency of the toll collection system. In this study, factors affecting the performance of ETC in Bangabandhu Bridge have been assessed with the help of the Questionnaire Survey and Key Informant Interview. A total of thirty (30) samples were surveyed. It was revealed from the study that there are both challenges and prospects of introducing ETC in Bangladesh. The respondents firmly feel that it is absolutely essential to introduce ETC in Bangladesh. They steadfastly perceive that ETC would help ease traffic congestion due to long queue in the manual payment of toll.
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