THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

TABLE OF CONTENTS
DECLARATION .ottt 1\
ACKNOWLEDGMENTS ... v
TABLE OF CONTENTS. ...ttt Vi
LIST OF TABLES ... ..o viii
LIST OF FIGURES ... .o s Xiii
LIST OF ABBREVIATION ... XV
ABSTRACT Lttt b e XVi
INTISARI bbb sneas XVii
CHAPTER | INTRODUCTION. ..ottt 1
1.1 BACKGIOUNG ..ottt 1
1.2 ProBIEM ISSUES ......oviiiiiiiisiesiee et 4
1.3 ReSEarch QUESLIONS .......cueiierieeiesieeiesie e sie et e e enee e sreesae e neees 9
1.4 ReSEarch ODJECHIVES ......ccveiieiieciecie st 10
1.5 TRESIS SIUCKUIE......iviiiiiieiieete et 10
1.6 ThesSiS LIMITAtION .....ocveiiiiiiiiiiiiceee e 11
CHAPTER Il LITERATURE REVIEW ......c.ooiiii e 12
2.1  Mass Rapid Transit (MRT) SYStEMS........ccceeveeiieieiieieecie e 12
2.2 Mass Rapid Transit (MRT) JaKarta...........ccoceveiineniieniieeeeeee, 15
2.3 Fare PONICY ...oooiiii e 24
2.4 Types Of Fare STrUCIUIE ........cccviiii e 27
2.5  Advantages and Disadvantages of Fare Structure...........cccccocevevveveennnnn, 30
2.6 Ability To Pay (ATP) and Willingness To Pay (WTP) .......cccccvvveieneen. 32
2.7 Application of Fare Structure in the World..............cooooiniiiiincnnn, 35

2.8  Fare Payment and Collection Technology .........cccoceeeiiiiiiniiniinicieen, 54



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

CHAPTER 111 THEORETICAL FRAMEWORK .......ccciiiiiiiee e 60
3.1 GeneraliSed COSt .......couiiuiiiiiiieieieie e 60
3.2 EIASHICITY ... 67

CHAPTER IV RESEARCH METHOD ..o 72
4.1  ReSearch Method.........cccooviiiiiiiiiieiie s 72
4.2 Data GatheriNg ......cccoeiieiieie ettt 74
4.3 ANAIYSIS ..o 75

CHAPTER V FINDING AND DISCUSSION........ccoiiiiiiiie e 76
5.1  Technical ANalYSIS........cooiiiiiiiiiieieee e 76
5.2 Socio-Economic Benefits AnalysiS........ccccoeveiiieieiiiiie i, 139
5.3  Costs Benefits ANAlYSIS .......cccccviieiieeiiiie e 153

CHAPTER VI CONCLUSIONS ...ttt 161
8.1  CONCIUSIONS .....ocuiiiiiiiiite e 161
6.2  ReCOMMENUALIONS .......ciiiiieieieieeie e 165
6.3 Areas for Future RESEArCh. ... 166

REFERENCES ..........osirivvitieesssesessesesssssssessssssssssssssssssssssess s ssssssssssssnes 168

APPENDIX ..oocvvoooeevvoeseevosessesisss s ssss s essss s essss s 179
Appendix 1 Performance and Cost of Various MRT Systems ...........cccccccueuee. 179
Appendix 2 Fare Table Applied to MRT Jakarta............cccccoeveveiicinenesienenn, 180
Appendix 3 Degree of Saturation (\V/C) of Roads along MRT Corridor......... 182
Appendix 4 Implemented Stations Interface Planning ............ccccocevvvviienenn, 183

Appendix 5 Number of Vehicles in Jakarta in 2010 (Based on Fuel Type) ...185
Appendix 6 NPVs and BCRs Detail Table without Sunk Cost .............c......... 186

Appendix 7 NPVs and BCRs Detail Table with Sunk Cost .............cccccevvenen. 190



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF TABLES
Table 1. 1 Population Density in JaKarta ............cccocveveiveiiiieseese e 4
Table 2. 1 Areas of The MRT North-South Line Phase 1 ........cccccooeiiiininnnnnnn. 17
Table 2. 2 Supporting Facilities of MRT Jakarta...........ccccoceveiieninneiieiieneeee 18
Table 2. 3 Passenger Capacity and Demand of MRT Jakarta..............cccoceerueanene. 20
Table 2. 4 Congestion Ratio Between 2017 and 2032.........cccccoevveveiieveevieennnn, 22
Table 2. 5 MRT Jakarta Project FEAtUre .........c.cvevverieiie e 23

Table 2. 6 Zone Tariff System with Arbitrary Prices in North of San Francisco . 28
Table 2. 7 Counting Zone Tariff System Prices in South of San Francisco ......... 29
Table 2. 8 Advantages and Disadvantages of Fare Structures.............cccoevevveenene. 31
Table 2. 9 Classification by Fare Structure, Ticketing Medium, and Location.... 35
Table 2. 10 The Enhancement of MTA Ridership between 1975 and 2014......... 38

Table 2.11 Daily Public Transport Passenger Journeys by Mode From 2006 To

A TP 53
Table 2. 12 Fare Technology INteraction ...........cccoceviiiiiiiicieiese e 56
Table 3. 1 Travel Time CoSt CategOIies ......cceoerueririirinieiee e 67
Table 3. 2 Recommended Transit Elasticity Values.............ccccoevieiiiiciicieeiee, 72
Table 5. 1 UK short-run elasticities by time of day ...........cccocevveviiiiiciicee, 82
Table 5. 2 Bus Fares in Jakarta of 2014 and 2017 ..........coovvniieienenc e 85
Table 5. 3 Existing and Projected Transport Prices in Jakarta..............cc.ccceeenee. 83
Table 5. 4 Single Journey Fare in Bangkok MEetro ..........ccccccvevieiiiiiie e 87
Table 5. 5 Suggested MRT Jakarta’s Fare Level ..........cc.ccoovviiiiininiiince 88
Table 5. 6 Average of Passenger Numbers in Vehicles..........ccccooviviiiiiiiiiins 93

Table 5. 7 Road Links Traffic Survey in 2010..........cccocviiiiiininieiec e 94



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

Table 5. 8 Projected Demand in 2017 (Lebak Bulus-Bundaran HI)..................... 94
Table 5. 9 Daily Ridership and PHPDT from Blok A to Blok M...........ccc..c....... 95
Table 5. 10 Traffic Counts and Ridership between Blok A and Blok M.............. 95
Table 5. 11 Number of Passengers in Corridor 1 TransJakarta ...............cccceeveee. 96
Table 5. 12 Travel Speed for Private Car and Motorcycle ...........ccccocoieniiinnne. 97

Table 5. 13 Consumer Price Index in DKI Jakarta Between 2009 and 2017........ 98

Table 5. 14 Estimated Unit VOC at 2017 PriCeS ......cceoveerereieiinierieise e 99
Table 5. 15 Value of Time for Private Car and Motorcycle ...........ccccocevveinennnne 101
Table 5. 16 Travel Speed of Car and Motorcycle in Peak Period....................... 102
Table 5. 17 Road Level of Service and Its Operational Characteristic............... 102
Table 5. 18 Road Geometry along MRT COrridor.........ccccovvvieienenenenenenenias 103
Table 5. 19 Basic Free-Flow Speed, VBD........ccccccceiveieiieiieie e 104

Table 5. 20 Effective Width Lane (LLE) and Effective Width Shoulder (LBE) on
each Road Segment along MRT Corridor..........ccoevvveveivieieenieennenn 104

Table 5. 21 Basic Free-Flow Speed Adjustment Factor Due To Width of Traffic

Table 5. 22 Adjustment Factor Side Barriers and Shoulder Width to Free-Flow

Table 5. 23 Adjustment Factor Due To City Size (FVBFJ) against the Free-Flow
SPEEA .. 106

Table 5. 24 Average Free-Flow Speed of Private Car along MRT Corridor...... 107

Table 5. 25 Basic Free-Flow Speed Adjustment Factor of MC (FVBD,MC) .... 108

Table 5. 26 Bus Stopping DIStANCE ........cccccviieeiiiie e 109
Table 5. 27 List of Regular Buses along MRT Corridor..........ccccccvevvevieciieenen. 110
Table 5. 28 Travel Speed Bus in Peak Period............ccccoovvririninniiencnencens 112

Table 5. 29 Basic Free-Flow Speed Adjustment Factor of Medium and Large Bus,



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

Table 5. 30 Operational Characteristics of 1st Corridor (Blok M-Kota)............. 115
Table 5. 31 Passenger Volume and Congestion Ratio in 2017 ...........ccccccvvvnnee 117
Table 5. 32 Travel Speed TransJakarta in Peak Period.........c.cccccccovveviiiieinenne 118

Table 5. 33 Average Free-Flow Speed of LV in Busway along MRT Corridor. 118

Table 5. 34 Standard Running Times North Bound............ccccccoevieiiiciii e, 121
Table 5. 35 Passenger Volume and Congestion Ratio in 2017...........ccccccvvvnene 123
Table 5. 36 Sensitiviy Parameter for Trip Frequency and Mode choice ............ 129
Table 5. 37 Forecast of MRTJ Ridership in 2017 ........ccccoevvveviiie v 131
Table 5. 38 PHPDT Forecast of MRTJ Ridership in 2017 .........ccccooveviivieieennne 132
Table 5. 39 Impact of Elasticity on Base Year Ridership in 2017..........c.cco...... 134
Table 5. 40 Remaining Daily Passengers Volume in 2017..........ccccccevvnivinennns 140
Table 5. 41 Travel Time of The Private Car...........ccoceoviirineiinineiscseseesees 140
Table 5. 42 Road USer TTC SAVINGS ....covveieiieiieeie it ste et se e sree e 141
Table 5. 43 New MRT USer TTC SAVINGS......covererririiriiriiniinieienie e 142
Table 5. 44 Total Travel Time SaVINGS........ccoeiiiiriiiriiisieeee e 142
Table 5. 45 Emission Factors for Each VVehicle Type........ccoooiiiniiiiinnns 143

Table 5. 46 Daily Traffic Volume Before and After The MRT Project in 2017 144

Table 5. 47 Estimation of the Local Pollutant Emission Before and After MRT
o (0] 1< PSSR 144

Table 5. 48 Local Pollutant Emission Cost SaViNgs .........ccccceevvivieieeneseeseenns 145
Table 5. 49 Traffic Counts in 2017 Based on Fuel Type (Baseline Emission)... 146
Table 5. 50 Fuel Consumption of Vehicle in One Year (Baseline Emission) .... 147
Table 5. 51 CO2 Emission Factors of Gasoline, Diesel and Gas..............c..c..... 147
Table 5. 52 CO2 Emission of Each Vehicle (Baseline Emission)...................... 148

Table 5. 53 Traffic Counts in 2017 Based on Fuel Type (Project Emission)..... 148



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

Table 5. 54 Fuel Consumption of Vehicle in One Year (Project Emission)....... 149

Table 5. 55 CO2 Emission of Vehicle (Project EMISSIiON) .......ccocevvevvieeiennnns 149
Table 5. 56 Estimation of Driving Cost for the New MRT User..........c.ccccvene.e 151
Table 5. 57 VOC Savings for the New MRT USEr ........cccocevvvevviiniieie e 151
Table 5. 58 VOC Savings for the Remaining Road USers..........ccccccoeervnvnnnins 152
Table 5. 59 Congestion COSt SAVINGS ......ccveveieriiniirienerii s 153
Table 5. 60 Project Cost Estimation MRT North-South Line Phase 1 ............... 154
Table 5. 61 Operation and Maintencance Cost Estimates (Year 1) ..........c......... 155

Table 5. 62 Latent Number of Passengers and Fare Revenues (Year 1 —40)..... 156
Table 5. 63 NPVs and BCRs on MRTJ Investment without Sunk Cost............. 158

Table 5. 64 NPVs and BCRs on MRTJ Investment with Sunk Cost.................. 160



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF FIGURES

Figure 1. 1 Map of Jakarta (Latitudes, 2015) .......ccccceerrivieiiieiieie e 1
Figure 1. 2 MRT Development Projects (JMEC, 2011) ......cccccevevievveiieseesieeeene 3
Figure 1. 3 Downward Trend of Traffic Speed in Jakarta (JICA, 2011) ................. 5

Figure 1. 4 Estimated Congestion in 2020 Compared to 2002 (JICA, 2009).......... 5

Figure 1. 5 All Metro Revenue per Operating Cost of COMET and Nova Metros

by 2009 (Anderson & Findlay, 2012) ........cccccooveiiieneieniieseeeeees 7
Figure 2. 1 BRT Systems in Rouen, France (Wright & Fjellstorm, 2003) ............ 13
Figure 2. 2 Tram LRT in Sapporo, Japan (Wright & Fjellstorm, 2003)................. 13

Figure 2. 3 Bangkok Transit System in Bangkok (Transit Bangkok, 2015)......... 14

Figure 2. 4 Commuter Rail in Bombay, India (Wright & Fjellstorm, 2003)......... 15

Figure 2. 5 MRT Jakarta Network (PT. MRT Jakarta, 2015) .........ccccocvvvvrvnnnnnnn. 16
Figure 2. 6 Proposed Alignment and Stations (JMEC, 2011) .......ccccccvvevveiriennenn, 18
Figure 2. 7 Elevated Station and Its Position (PT. MRT Jakarta, 2015) ............... 19

Figure 2. 8 Underground Station and Its Position (PT. MRT Jakarta, 2015) ....... 19
Figure 2. 9 Capacity of Trailer Car and Intermediate Car (JICA, 2009) ............... 21

Figure 2. 10 Combination of Cars and Headways for MRTJ (JMEC, 2011) ........ 22

Figure 2. 11 Layout Plan of Elevated Station (JMEC, 2011) ........ccccoevvereirienenn, 23
Figure 2. 12 Two-Way Time in Peak Hour (JMEC, 2011).......cccccecevvevieneireennenn, 24
Figure 2. 13 Fare Policy Components (Mijares & Suzuki, 2013)..........c.ccccvenennen. 25

Figure 2. 14 Total Revenue Over Operating Cost (Anderson & Findlay, 2012)...26

Figure 2. 15 Zone Tariff System with Arbitrary Prices in North of San Francisco
(Left); Counting Tariff System in South of San Francisco (Right)
(Hamacher, 2001) .......cooviiiirieieie e 29



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

Figure 2. 16 Discretion Zone Fare Determination with Improved Service Levels
(Dardela, 2009) .....ccooieierieiee e e 33

Figure 2. 17 ATP Condition Lower Than Fare Level Aplicable (Dardela, 2009) 34
Figure 2. 18 Fare Level Above WTP but Under ATP (Dardela, 2009) ................ 35
Figure 2. 19 New York City Subway Fare from 1904 to 2009 (Carrigy, 2010) ...37

Figure 2. 20 Comparison of MTA Base Fare and the Consumer Price Index

(Luhrsen & Taylor, 1997) ....ccoccviieieee e 41
Figure 2. 21 MTA Passenger Trips by Mode From 1985 To 1994 (Luhrsen &
TaYIOr, 1997) .o 41
Figure 2. 22 Time Variation in Service Levels: Los Angeles MTA (Taylor &
Garret, 1999) ....uiiii e 42
Figure 2. 23 Tube Map in London, England (TfL, 2015) ......ccccoceviviiinininnennen, 43
Figure 2. 24 Trends in Mode Shares From 2001 To 2013 (TfL, 2014) ................ 44

Figure 2. 25 Car Ownership in London Between 1971 and 2011 (TfL, 2014) .....45

Figure 2. 26 London Underground: Train Kilometres Scheduled and Operated

(TFL, 2013) oot 46
Figure 2. 27 Unemployment Distribution in South East Queensland, Australia
(QCOCS, 2013) oottt 48
Figure 2. 28 Daily Public Transport Passenger Journey by Modes in Hongkong by
2003 (Kam, 2005) .....eiveieiiriinieeeiesieee et 50
Figure 2. 29 Oyster Card in London (Metro, 2015) .......ccooviviiieniieninieeeee, 58
Figure 3. 1 Arc Elasticity of Demand (Jain N., 2011) ....ccccoovviiiniienininieeen, 69

Figure 3. 2 Elasticity on a Linear Demand Curve (Byrne & Derbin, 2011).......... 70
Figure 4. 1 Flowchart Method of Research...........cccoooeiieiiiiieccce e, 73
Figure 4. 2 Map of Jakarta MRT North-South Line Phase 1 (JMEC, 2011)......... 74
Figure 5. 1 Rail Demand Curve (Harris N. G., 2014) ......cccceovviriniieninieeeeee, 79

Figure 5. 2 Willingness-To-Pay Survey Results between June 2014 and August
2014 (Provincial Government of DKI Jakarta, 2014).........cccccecveenee. 83



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

Figure 5. 3 The ATP and WTP for MRT Jakarta (Based on Calculation for 6

Y- L[] 0 1) OSSR UR 89
Figure 5. 4 Ceiling Price and Floor Price Applied To MRT Jakarta .................... 91
Figure 5. 5 Location Map of Traffic Survey (JMEC, 2011) ......cccccoeevvevvevreiriennenn, 92
Figure 5. 6 The Bus Stop of TransJakarta in Corridor 1 (Febrianda & Herijanto,
20L3)...veoeeeeeeeeeeeeeeeeeeeeee s e ee et e s 95
Figure 5. 7 Household Income along MRT Lines in 2002 (JICA, 2009) .............. 99

Figure 5. 8 Estimated Modal Choice by Income Level MRT N-S (JICA, 2009) ..99

Figure 5.9 Buses Route Map in Jakarta (Dinas Perhubungan DKI Jakarta,

70 074 T Y 109
Figure 5. 10 Dimensions of Bus Coaches for TransJakarta (JICA, 2004)........... 116
Figure 5. 11 TransJakarta Lanes in Corridor 1 (TransJakarta, 2015) .................. 118
Figure 5. 12 Illustration of Generalised Cost Components for Car ..................... 123
Figure 5. 13 Illustration of Generalised Cost Components for Motorcycle......... 124
Figure 5. 14 Illustration of Generalised Cost Components for Bus..................... 124

Figure 5. 15 Illustration of Generalised Cost Components for TransJakarta.......125

Figure 5. 16 Illustration of Generalised Cost Components for MRT .................. 126
Figure 5. 17 Daily Demand and Revenue by Fare Level............cccccevvvveivenenne. 133
Figure 5. 18 Automatic Fare Collection System (Sollae Systems, 2015)............ 134
Figure 5. 19 Paper-Based Tickets for Single Trip (Left) and Smart Cards Tickets

(Right) (Syarif, 2013) ....ceovirieieeeiesseeeese s 136
Figure 5. 20 Electronic Ticketing System (PT. KJC, 2015) .......ccccvvvvvriveieinenn. 136

Figure 5. 21 Fuel Consumption Rate for Each Type of Vehicle (JICA, 2004) ...145



THE FARE SYSTEM FOR MASS RAPID TRANSIT (MRT) IN JAKARTA (Case Study : North - South Line
(Bundaran
HI - Lebak Bulus))
FADLIANSYAH, Dr. Eng. Imam Muthohar, S.T., M.T.
UNIVERSITAS

GADJAH MADA Universitas Gadjah Mada, 2015 | Diunduh dari http://etd.repository.ugm.ac.id/

LIST OF ABBREVIATION

BMCL : Bangkok Metro Corporation Limited
BRT : Bus Rapid Transit

CBTC : Communication-Based Train Control
CERs : Carbon Emission Reductions

CPI : Consumer Price Index

DfT : Department for Transport

DK1J : Jakarta Provincial Government

GDP : Gross Domestic Product

GHG : Greenhouse Gas

HI : Hotel Indonesia

JICA : Japan International Cooperation Agency
MRT : Mass Rapid Transit

MRTJ : Mass Rapid Transit Jakarta

MTA : Metropolitan Transport Authority
MTP : Macro Transportation Plan

ROW : Right of Way

TfL . Transport for London

TOD : Transit Oriented Development

UK : United Kingdom

VvVOC : Vehicle Operating Cost

VOT : Value of Time

WTP : Willingness-To-Pay



