PRELIMINARY DESIGN OF A FARE COLLECTION SYSTEM FOR DAAR ES SALAAM DART
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1) DESIGN OVERVIEW 

The proposed design consists of a Manual System, which can be enhanced with an Automatic System.

The Manual System consists of a staff of cashiers at stations and conductors at feeder buses charging fares and controlling access to the BRT.

At the back end of this process, a Secure Transportation Company will take the cash from the stations to the bank, under secure conditions.

A team of analysts from the Fare Collection Contractor will consolidate sales data and prepare a daily report of cash and passenger volume. 

The Management Agency will consolidate all information from the Secure Transportation Company and from the Fare Collection Contractor, and will audit the entire process. CHAPTER 5 presents a more detailed description of the Manual System option.

As an alternative, an Automatic System can be implemented on top of the Manual System (Manual + Automatic). The main objectives of this Automatic System will be: (1) to reduce queuing time by allowing prepay boarding and (2), to reduce the risk of fraud, by implementing an automatic control of cashiers. 

The Automatic System would be based on a contact less smart card that should be bought from and loaded by cashiers in stations using Point of Sales Terminals (POS Terminals). Eventually, POS Terminals could also be installed elsewhere in the city, further reducing queuing time, and improving customer service. 

The Automatic System could eventually include Automatic Vending Machines at stations, to replace cashiers. In any case, there should be at least one cashier at each station.

Passengers will validate their Prepay smart cards using smart card readers installed at gates in stations and onboard feeder buses. The smart card reader onboard buses should be installed next to the conductor, and conductors should have handheld devices to check that passengers have validated their card.
Information from the POS Terminals and the Smart Card readers will be consolidated in a Central Computer installed in the headquarters of the Fare Collection Company, who will produce a weekly report for the Management Agency.

To audit this process, the Management Agency will compare the reports from the Central Computer with the reports produced by the Secure Transportation Company.

CHAPTER 6 describes in more detail the Manual + Automatic Option. 

2) COST ESTIMATION

Table 2-1 summarizes the costs for the procurement and operation of the fare collection system, including the proposed Manual and Automatic systems.

This document is not intended to substitute a formal business model. Its goal is to define the items that should to taken into account for building a good business model, while providing a ballpark estimate of the costs associated with the components of the project. This ballpark estimation should provide information on which fare collection can be afforded by the BRT.

Capital investments are deferred to ten years, using a discount rate of 15%. 
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TABLE 2-1
The manual option would cost 33 Schillings per passenger, while the manual + automatic option would cost 41 schillings per passenger. 

That is, with a user fare is 300 Schillings, the manual option would cost 11% of the fare, while manual + automatic option would cost 14% of the fare. The following chapters include some remarks that should be taken into account for selecting an option.

3) INSITITUTIONAL DESIGN 

Figure 2-1 shows the ideal institutional arrangement for fare collection in DART
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FIGURE 2-1 

The Fare Collection Contractor will be responsible for hiring, training and supervising cashiers and barrier controllers for all 36 stations. 

The Secure Transportation Company will take the cash from the stations into the bank.

The Bank will accept the deposits and transfer the money into DART’s trust fund.

The Technology Provider will supply and maintain all the technology for the Automatic System, including the gates for the manual system.

The Technology Operator will be responsible for the procurement and administration of the Smart Cards, and the administration of the Central System (alternatively, the Management Agency can decide to do these tasks directly)

Additionally, the Management Agency could eventually contract out Retailers to operate POS Terminals outside of stations.

The Management Agency will oversee all contracts by receiving and analyzing weekly reports of sales, and solving any differences in information. 

4) CONTRACTING RECOMMENDATION 

Authorities in Dar Es Salaam should ideally prepare independent business models and contracts for the Manual System and the Automatic System. This would enable them to have flexibility in the contracting process and more importantly, to prepare detailed and accurate sets of requirements for each one of the key components of the system. 

To build realistic models and contracts, authorities should hold several meetings with potential contractors. As a result of these meetings, authorities in Dar Es Salaam should have a clear idea of three key aspects: (1) who are the potential bidders for each activity, (2) what are the approximated costs associated with each activity and (3) given the overall BRT business model, what is the maximum cost that the BRT can afford to spend in fare collection. With this information at hand, the authority should decide what to contract among the following strategies:

1. If it is not possible to afford the automatic system, given the overall BRT business model, then, contract first the Manual System, and leave the implementation of the automatic system for a later stage.

2. If the overall BRT business model shows that it is possible to afford the automatic system, then choose the Manual + Automatic option. 
Additionally, the authority should decide on one of the following contracting strategies:
1. Merge the contracts for operation of the manual system with the contracts for procurement and maintenance of the automatic system. (Like in TransMilenio). Choose this alternative if the potential bidders identified in the preliminary process are well-regarded technology integrator companies or consortiums with significant experience in operation, procurement and administration of technology. In any case, it should be clearly stipulated that a third party should be responsible for the secure transportation.

2. Bid independently the manual operation and the automatic system, if that corresponds to the profile of the pool of interested companies. This is the most common international practice. My intuition is that in our countries, with low institutional development, it is better the minimal number of contracts to be controlled by the government. In that case, because there aren’t many companies with this it is necessary using consortiums or technical assistants with very careful contracts designed from the government. 
While it might be simpler to have only one contractor for all fare collection, there is no competitive market of companies that provide all these services. 

In fact, some companies specialize on the operation of fare collection systems, (such as highway tolls), other firms provide secure transportation services, another segment provides fare collection technology and another specializes in technology outsourcing. 

By splitting the contract it will be possible to motivate high quality bidders in competitive industries to participate in the project, and hopefully obtain more bidders of better quality with lower prices. It is highly recommended to have separate contractors, each one assuming responsibility for what they know how to do.

The proposed institutional design also enables the Project management to deploy the fare collection system in phases to account for implementation risks or budget uncertainties.
5) MANUAL SYSTEM 

The following is an overview of the operation and preliminary cost estimation for the Manual System. 

5.1. Fare collection at Stations 
Figure 5.1-1 shows the layout for manual fare collection in a typical station on the system.
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FIGURE 5.1-1

Cashiers would receive payments from passengers and would give them back a paper ticket. Passengers would present this ticket to a barrier controller, who would tear the paper ticket and allow them into the station. 
No pre pay users would be accepted in this system, no advance purchase would be allowed. Each passenger should pay their fare at the moment they wish to use the system.

Figure 5.1-2 illustrates the strategy to control cashiers in a typical Station
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FIGURE 5.1-2

Each Cashier should give to the Secure Transportation Contractor at least the equivalent of the tickets he or she sold, multiplied by the User Fare. 

To check that this is the case, the Secure Transportation Contractor should produce a report with the deposits received by each cashier. 

On the other hand, the Fare Collection Contractor should produce a report of tickets sold by each cashier. 

Both reports should be sent to the Management Agency, which will check for differences, and request the necessary clarifications. 

Figure 5.1-3 illustrates the process for auditing barrier controllers.
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FIGURE 5.1-3

For any station, the number tickets sold should be greater than or equal to total recorded entries. Otherwise, the barrier controller is allowing passengers without a ticket into the station. 

To perform this control, the Fare Collection Contractor should send to the Management Agency a report with the number of entries and exits recorded at each gate, and the management agency should crosscheck that value with the ticket sales report. 

From time to time, the Management Agency should also check the counts on the turnstiles and compare them with the reports from the Fare Collection Contractor.

The Fare Collection Contractor will be responsible for any amount of money that is missing. The fare collection contractor can demand an audit of the video records of the secure transportation company, to establish if that company is responsible for any missing value. 

5.2. Fare Collection for passengers connecting at Intermediate Stations
Feeder bus operators will buy paper Interchange Tickets from the cashiers at interchange stations. 

Feeder operators will buy these tickets at the User Fare value, and will resell them to passengers at the same User Fare. 

Each feeder bus should have a conductor, who will resell these tickets to passengers wishing to interchange with the articulated buses. On the other hand, non-connecting passengers will pay to the conductor a special discount fare. They won’t receive an interchange ticket. That revenue will be for the feeder bus operator. 

When interchanging from feeder buses to articulated buses, passengers should present to the barrier controller of the station their valid Interchange Ticket. The barrier controller will destroy the ticket. 

As in regular stations, cashiers will be controlled against the inventory of tickets and the reports from the Secure Transportation Contractor, and barrier controllers will be audited with the sales report and the gate counts. The Fare Collection Contractor will be responsible for any negative difference obtained in the auditing process.

Passengers connecting from the articulated service into the feeder service will not have to pay when boarding feeder buses. Only if the intermediate stations have a physical integration; what happens if there isn’t physical integration?
Conductors should be hired and paid by bus operators. Their salary should be reflected in that business model.

5.3. Fare Collection for passengers connecting through Terminals

Passengers who alight from a feeder bus in a Terminal station and who wish to continue their trip in an articulated bus will have to present to a barrier controller their Interchange Ticket to be allowed into the articulated area. 

On the other hand, passengers alighting from an articulated bus and wishing to continue their journey in a feeder bus need only to pass to the feeder zone through a turnstile, without paying or presenting any ticket. 

5.4. Operational requirements and service assessment

A total of 68 cashiers and 65 barrier controllers are required to run the system at peak hour.

For the manual operation, the BRT needs at least 68 entry gates and 62 exit gates. 

Appendix A illustrates with detail the calculation of the minimum number of cashiers, barrier controllers and turnstiles for the manual System. 
Regarding the number of gates, it is very important to keep in mind that equipment quantities will change, as the physical layout of stations will require more turnstiles to facilitate the flow of passengers in the system. These numbers should be considered as a lower bound. The contract should allow great flexibility in purchasing additional gates, and the number of gates should be fine-tuned, as the layout of stations is made available. 

5.5 Cost estimation for the Manual System
Table 5.5-1 summarizes the cost per passenger for the Manual System, including an estimated profit for the Fare Collection Contractor of 30% over its operational costs. 
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TABLE 5.5-1

The cost per passenger for the manual system is TZS 33 per passenger. (Assuming a daily average demand of 339,633 passengers)

APPENDIX B presents a detailed breakdown of the costs for the manual operation.

6) AUTOMATIC SYSTEM

An Automatic System based on Smart Cards can be added on top of the Manual System. The objective of adding such system would be to increase control over the Fare Collection Contractor, and enable customers to buy and use pre pay tickets.

If the automatic system is implemented, all passengers should have a smart card to go through the gates and cashier sales will be controlled using the electronic records stored in the memory of Point Of Sales Terminals. 

Passengers using feeder buses will tap their smart card in a reader onboard the bus. There, they will be deducted the minimum fare for the feeder trip. Once they transfer to an interchange station, the reader on the gate will deduct difference between the full fare and the discounted feeder fare. Conductors on feeder buses will still accept cash for non-connecting passengers. 

All these data will be transmitted to a Central Computer located in the headquarters of the Management Agency. 

6.1. System Architecture and Cost Summary

Figure 6.1-1 shows the proposed system architecture for the Automatic System. 
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FIGURE 6.1-1
Figure 6.1-2 summarizes the costs for the Automatic System. Appendix C includes a detailed breakdown of these costs. The investment is deferred to ten years, with an interest rate of 15% per annum. All costs are in Tanzanian Schillings.
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FIGURE 6.1-2

APPENDIX A –MANPOWER AND QUEUE ESTIMATION

This section presents an estimation of the number of cashiers, barrier controllers and turnstiles needed for manual operation. Additionally includes an estimation of the level of service at the most critical node of the BRT.

Since Stations are narrow (5m), and only a limited number of cashiers can be accommodated in the booths. 

To estimate number of cashiers required, it is necessary to differentiate between two types of transactions:

· Cash Transactions: Consisting on receiving the cash, giving back any change and a ticket.

· Ticket Validations: Barrier controllers receive and validate the tickets, and then authorize entry through the gate.

We assume that on average a cashier will complete a cash transaction in 6 seconds. This is, the average cashier should be able perform 10 cash transactions per minute
.

On the other hand, we can assume that, on average a barrier controller can complete 20 Ticket Validations per minute.

To estimate the requirements for cashiers, we divide stations in 3 sets:

· Set 1: Stations with only pedestrian access

· Set 2: Stations with pedestrian and feeder access.
· Set 3: Terminals with pedestrian access and feeder bus access.

Stations on Set 1: There are 27 stations in the set. 25 of these stations will sit on the median of Morogoro Road and therefore would have a maximum of two entries, of 5 m. wide each. 

Figure A-1 illustrates the cashier requirements for stations in set 1. 

No station will need more than 4 cashiers. In fact, only one station will need four cashiers, this is, a total of two cashiers per entry. All other stations will need between one and three cashiers. Manual operation should be feasible in all these stations.

Figure A-2 illustrates the workload for cashiers working on stations in set 1. Stations with the highest workload will have 2 cashiers, and can be easily upgraded to three cashiers if demand exceeds expectations. 

In the station with four cashiers (Kariakoo Uhuru Street) the workload will be 83%. This means that demand in this station can increase up to 21% without needing an extra cashier. The ticket booths in this station should be designed to allow up to 6 cashiers, three on each side.
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FIGURE A-1
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FIGURE A-2

Stations in Set 2: There are 6 stations in this set. Two of these stations would need 3 cashiers. The other three will need two.

Figure A-3 illustrates cashier requirements.

Figure A-4 illustrates the workload for cashiers at these stations. Manual Operation should be feasible at these stations as well.
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FIGURE A-3
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FIGURE A-4

Stations on Set 3: There are 3 terminal stations in this set. These stations have separate areas for pedestrian access and feeder interchanges. Cashiers will work only on Pedestrian entries. 

Figure A-5 illustrates cashier requirements for pedestrian entries. The most congested terminal will need three cashiers. 

Figure A-6 illustrates the workload for cashiers at these stations. Manual Operation should be feasible at these stations as well.
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FIGURE A-5 
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FIGURE A-6

These numbers confirm that Stations is set 3 will have acceptable congestion levels and will not be critical for the operation of the Manual System.

In summary, Kariakoo Uhuru Street is the only station that requires 4 cashiers. All other stations need 3 or less. To assess the queuing situation for this station we run a queuing model with the following parameters:

· Arrivals: We assume that arrivals at this station will follow a negative exponential distribution, with an expected time between arrivals equal to 1.82 seconds
.

· Service Time Distribution: We assume that service time will follow a negative exponential distribution, with an expected service time of 6 seconds/passenger
 in each one of the four independent cashiers.

The following are the results for this queuing model for the peak passenger volumes. Outside of peak hour, queues should be much shorter:

· Average time in the queuing system: 11.4 seconds (including queuing time and service time)

· Average passengers in the queuing system: 6.3 passengers total, including 4 passengers being served at any time. This means, an average of 2.3 people queuing at any time.

· Confidence interval for time in the system: 95 % of passengers wait in the queuing system (including service time) less than 29 seconds.

· Confidence interval for number of passengers in the queuing system: 95 % of time, the queuing system will have less than 14.6 passengers. This is, 4 passengers being served and 10 passengers queuing in front of any cashier. 

In conclusion, most passengers will wait in this queuing system for less than half minute and very seldom there will be more than 10 passengers in the queue. This should be a station with an acceptable level of congestion.

Table A-1 summarizes the cashier requirements for each station, assuming the demands and number of entries per station defined in the operational design prepared by LOGIT.
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 Table A-2 shows the estimated number of barrier controllers required per station, assuming a service rate of 20 passengers per minute. 
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 2 

 

62%

 

  Ki

nondoni Mjini 

 

 2 

 

62%

 

  Dunga 

 

 2 

 

46%

 

  Kariakoo Terminal 

 

 2 

 

33%

 

  Kimara Resort 

 

 2 

 

27%

 

  Ubungo Tanesco 

 

 1 

 

43%

 

  Old Posta 

 

 2 

 

21%

 

  Kimara Thom

a

s

 

 

 1 

 

36%

 

  City Council 

 

 2 

 

17%

 

  Corner 

 

 1 

 

27%

 

  Baruti 

 

 1 

 

26%

 

  Lybia Street 

 

 1 

 

25%

 

  Mwembe Chai 

 

 1 

 

25%

 

  Chai Bora 

 

 1 

 

21%

 

  Kibo 

 

 1 

 

20%

 

  Bibititi 

 

 2 

 

10%

 

  National Bank 

 

 1 

 

11%

 

  Mwinyijuma 

 

 1 

 

9%

 

  Baptist Church 

 

 1 

 

8%

 

  Usalama 

 

 1 

 

3%

 

  Jangwani 

 

 1 
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E

T

 2

 

 

 

 

  Kinondoni A 

 

 3 

 

99%

 

  Urafiki Maha

kama 

 

 3 

 

72%

 

  Shekilango 

 

 3 

 

72%

 

  Fire Station 

 

 2 

 

77%

 

  Magomeni Mapipa 

 

 2 

 

57%

 

  Kanisani 

 

 2 

 

31%
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E
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Kimara Te

r

minal

 

-
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c
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 3 

 

71%

 

  Ubungo Terminal 

-
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c
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 2 

 

61%

 

  Morocco Te

r

minal

 

-
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E

D

 

Access 

 

 1 

 

61%

 

 

 

 

 

 68 

 

55%

 


TABLE A-2

Table A-3 shows an estimation of the number of entry and exit turnstiles for the system, assuming a service rate of 20 passengers per minute. A total of 130 turnstiles are required.
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Kimara Terminal - PED Access
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1

              

 

1

                              

 

1

                       

 

Morocco Terminal - PED Access

1

              

 

1

                              

 

1

                       

 

Ubungo Terminal - Feeder Access

1
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1

              

 

2
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Kimara Terminal - Feeder Access

1

              

 

2

                              

 

1
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TABLE A-3

APPENDIX B – MANUAL OPERATION COST BREAKDOWN

Table B-1 summarizes the manpower costs for the Manual System:

[image: image25.wmf]MANPOWER

Salary

Quantity

Total (USD)

Total TZS

Stations

Cashiers

$150

177

$26,520

TZS 31,558,800

(monthly)

Barrier Controllers

$150

143

$21,450

TZS 25,525,500

(monthly)

Station Supervisors

$250

36

$9,000

TZS 10,710,000

(monthly)

Headquarters

Analysits

$1,000

6

$6,000

TZS 7,140,000

(monthly)

Manager

$2,000

1

$2,000

TZS 2,380,000

(monthly)

Secretaries

$800

2

$1,600

TZS 1,904,000

(monthly)

Total Monthly

$66,570

TZS 79,218,300

(monthly)

TZS 950,619,600

TZS 9

Manpower Annualized

Per Passenger


TABLE B-1

Table B-2 summarizes the costs for services and supplies. This includes the secure transportation service, and the cost of the Interchange Tickets. 

[image: image26.wmf]SERVICES AND SUPPLIES

Total TZS

Secure Transporation

2%

of revenue

TZS 50,944,953

(monthly)

Tickets

$0.001

per passenger

TZS 10,104,082

(monthly)

Station Services & Supplies

$500

per station per month

TZS 21,420,000

(monthly)

Office supplies

$5,000

per month

TZS 5,950,000

(monthly)

Training

$20,000

per month

TZS 23,800,000

(monthly)

Total

TZS 112,219,035

(monthly)

TZS 1,346,628,422

TZS 13

Services and Supplies Annualized

Per Passenger


TABLE B-2

Table B-3 summarizes the equipment costs for stations and headquarters. This estimation assumes a capital cost of 15%. 

The cost per turnstile, according to LSI engineering
 is $4,500 USD, including electronic components and smart card readers. LSI engineering uses turnstiles with Gunnebo technology, (from Italy) the same technology is used today in TransMilenio. Turnstiles in the London Underground, provided by Cubic have a cost of more than $50,000 USD each. There is a great variation in cost and quality on this component. To have a conservative lower bound, we multiply the cost given by LSI by a factor of 1.4. 

[image: image16.wmf]EQUIPMENT

Unit Cost

Quantity

Total Item

Total TZS

Stations

Entry Turnstiles

$6,300

82

$514,080

TZS 611,755,200

Exit Turnstiles

$6,300

74

$468,720

TZS 557,776,800

Headquarters

Computers

$1,200

13

$15,600

TZS 18,564,000

Printers

$600

5

$3,000

TZS 3,570,000

Other

$50,000

$50,000

TZS 59,500,000

Total

$1,051,400

TZS 1,251,166,000

TZS 249,297,406

TZS 2.4

Per Passenger

Equipment Annualized


TABLE B-3

Table B-4 summarizes the maintenance costs for manual system.

[image: image27.wmf]MAINTENANCE

Annual Rate

Total (TZS)

Station equipment

10%

TZS 9,229,640

(monthly)

Headquarters equipment

25%

TZS 1,700,708

(monthly)

Total

TZS 10,930,348

(monthly)

TZS 131,164,180

TZS 1

Maintentance annualized

Per Passenger


TABLE B-4

APPENDIX C – AUTOMATIC SYSTEM COST BREAKDOWN

C.1. System Procurement Costs

Due to time constraints, most costs in this report were obtained informally from “LSI engineering”, a Colombian engineering company, with insider knowledge of the costs of TransMilenio Automatic Fare Collection System. This company also provided the equipment for TransJakarta. 

LSI is a very low-cost technology provider, with little experience in the business, but generally honest opinions. To account for possible underestimations, some costs have been adjusted upwards.

It is strongly advisable to check these costs with other technology providers.

Station equipment will include:

- A Station Computer, 

- A communication link

- Point of Sales (POS) Terminals

- Smart Card Readers for the gates

- A Local Area Network (LAN) for the station.

- An energy supply system. 

Additionally, with the Automatic System it might be necessary to have extra gates for the situation of malfunctioning gates. 

Since there are 59 access points in the system, and it would be necessary to add one gate per access point, it should be necessary to add, on average, 1.64 gates per station.

Table C.1-1 summarizes the cost of implementing the automatic system in a typical station:

[image: image17.wmf]Station Equipment (Includes software)

Unit Cost

Quantity

Total

Station Computer

2,700

$                     

 

1

2,700

$             

 

POS Terminal

1,170

$                     

 

1.89

2,210

$             

 

Additional Gates

6,300

$                     

 

1.64

10,325

$           

 

Gate Reader

767

$                        

 

4.60

3,528

$             

 

Energy Supply (PV System)

20,000

$                   

 

1

20,000

$           

 

Communication Equipment

$3,000

1

3,000

$             

 

Station LAN

1,000

$                     

 

1

1,000

$             

 

Total per Average Station

42,763

$           

 

In TZS

50,888,208

$    

 


TABLE C.1-1

On average, the cost of the Automatic equipment per station is $ 43,000 USD. 

The central system will be in the Management Agency premises and will consist of:

· A central Computer

· Fare Collection Application

· Operational System and data mining applications

· Card initialization computer

· Work Stations

· Energy Supply System (Photo-voltaic system)

· Computing centre infrastructure

The cost of the central system is summarized on Table C.1-2
TABLE C.1-2

Feeder buses will be equipped with a smart card reader. Data will be transferred to a laptop via a serial port, and from there transmitted to the central computer.

The cost of this system for each feeder bus is estimated to be around USD $1,200
. For a fleet of 244 feeder buses, total cost for feeder buses will be: USD $ 292,800 (TZS 348,432,00)

Non-printed Smart cards should cost USD 0.80, including printing and shipment their cost should be around USD $ 1.00. 

The initial stock for a ridership of 340,000 passengers per day should be around 500,000.

Table C.1-3 shows the estimated cost for the contact less Smart Cards

[image: image18.wmf]Smart Card Cost

Unit Cost

1

$                           

 

Initial Stock

500,000

Annual Replacement Factor

20%

Annual Card Purchases

100,000

10 year expected card Stock

1,500,000

Total Cost

1,500,000

$             

 

In TZS

750,000,001,190

$   

 


TABLE C.1-3

C.2. System Operational costs

The regular operation of the Automatic System includes the following activities:

· Smart Card procurement 

· Central System operation

· Hardware and software maintenance

The procurement of the smart cards includes the purchase of the cards, the initialization of the cards with the initialization computer and the delivery of cards to the stations. 

The Management agency should decide either to perform these operational tasks directly in house or hire the services of a technology outsourcing company.

Table C.2-1 summarizes the cost associated with the monthly procurement of smart cards

[image: image19.wmf]Card Procurement Monthly Cost

Unit Cost

Quantity

Total

Card Procurement Manager

2,000

$          

 

1

2,000

$        

 

Initialization Engineer

1,000

$          

 

1

1,000

$        

 

Card Stock supervisor

1,000

$          

 

1

1,000

$        

 

Field Staff

500

$             

 

10

5,000

$        

 

Total Monthly (USD)

9,000

$        

 


TABLE C.2-1

The operation of the Central System includes the activities of System administration, system maintenance and load balancing, backup, reporting and data mining. Table C.2-2 summarizes the estimated costs for this activity. 

[image: image20.wmf]Central System Monthly Costs

Unit Cost

Quantity

Total

Central System Manager

2,000

$          

 

1

2,000

$        

 

Data Base Manager

2,000

$          

 

1

2,000

$        

 

IT Engineers

1,500

$          

 

5

7,500

$        

 

Total (USD)

11,500

$      

 


TABLE C.2-2
The management agency can decide to perform these tasks in house or hire them to a technology outsourcing company.

Hardware and software maintenance includes the tasks of replacing defective parts and upgrading the software. The estimated annual cost of maintenance is 15% of the initial equipment cost. Table C.2-3 summarizes the estimated cost of maintenance for the Automatic System. 

Typically, the same technology vendor who provides the Automatic System should perform the maintenance of the fare collection equipment.

[image: image21.wmf]Maintenance Monthly Costs

Equipment Cost

1,680,575

$       

 

Maintenance Annual Cost

252,086

$          

 

Maintenace Monthly Cost

21,007

$            

 


TABLE C.2-3
Table C.2-4 summarizes the operational cost associated with the Automatic System. The monthly ridership is estimated using a daily estimate of 339,633 passengers, and a year of 300 equivalent days.

[image: image22.wmf]Automatic System operational Cost

Smart Card procurement

9,000

$              

 

Central System Operation

11,500

$            

 

Hardware and software maintenance

21,007

$            

 

Total Monthly Cost

41,507

$            

 

Monthly Passengers

8,490,825

Cost per Pax

5.8

$                  

 


TABLE C.2-4




































� In TransMilenio, cashiers were able to make between 8 and 10 transactions per minute, including POS Terminal transaction time. In the Manual System, transactions should be faster, as there is no need to process a smart card.


� Obtained from dividing 1 hour by the peak hour expected demand, 1,983


� Follows directly from the assumption of a service rate of 10 pax per minute. 


� See remark on LSI engineering at the beginning of Appendix C.


� The cost of a gate reader from LSI is $ 590 USD, that reader doesn’t have an enclosing device, a bus mounting and a passenger display. $1,200 USD is an approximation from personal experience. It is strongly advisable to check this value with technology providers.
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