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Executive Summary

Executive Summary
1.

Introduction
According to plans established by Thai authorities, it is scheduled to construct 291
km of mass rapid transit (MRT) systems such as an elevated MRT system of
Skytrain, an underground MRT system of Mass Rapid Transit Authority of Thailand
(MRTA) and commuter train operation planned by the State Railways of Thailand
(Red Line). At the same time, Bangkok Metropolitan Administration (BMA) is now
planning to disperse its over-concentrated function to subcenters in order to solve
traffic problems and to develop surrounding areas of Bangkok. In addition, BMA is
now planning to adopt Bus Rapid Transit (BRT) system in the area not covered by
MRT system.
The purpose of the Study is to review previous and ongoing plans or projects, to
introduce a medium transit system such as Monorail, Automated Guideway Transit
(AGT), Light Rail Transit (LRT), etc and to study the possibility to adopt the system
for Bangkok.

2.

Review of Previous Studies and On-going Projects
Strategic framework plans for the development of urban mass transit systems in
Bangkok has a long history since the early 1970’s. Among past studies on the
transport in Bangkok, the Bangkok Mass Transit Master Plan is the most remarkable
study. This master plan was approved by the Cabinet in 1994 and was the first
attempt to provide an integrated planning framework for the development and
realization of mass transit schemes within the Bangkok metropolis.
The initial network in the master plan consisted of five lines with a combined length
of 238 km such as Red, Green, Blue, Orange and Purple Lines. And the master plan
identified a two-phase programme scheduled from 1995 to 2001 as the first phase
and from 2001 to 2011 as second phase.
In 2002, Office of Transport and Traffic Policy and Planning (OTP) established the
Urban Rail Transportation Master Plan (URMAP) to set the essential rail mass
transit system in Bangkok and surrounding areas. Based on URMAP and comments
on URMAP, MRTA prepared following proposal;
•

The extension of Blue Line from Hua Lampong to Thaphra (underground 6.5
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km) and from Thaphra to Bangkae (elevated 7.6 km), from Bangsue to
Pharanagklao bridge (11.6 km) and Bangsue to Thapra (13.1 km) to create a
circle route.
•

The new line construction of Orange Line (34 km), consisting 29 km
underground section (Bangkapi – Wangburapa – Mahaisawan) and 5km of
elevated section (Mahaisawan – Rajburana).

The urbanization of individuals and ad-hoc land development causes pertinent
congestion and deteriorates living environment in Bangkok metropolis. Therefore,
the realignment of the urban structure and the development of sub-center in the
suburbs must be an urgent issue for the well-ordered growth of Bangkok metropolis,
and the transportation plan of the sub-center development should be discussed with
authorities related to the city planning sector (BMA and DPT) and transportation
sector (OTP and SRT) because a close linkage of railways and road networks is a
primal step to secure the accessibility to the sub-center area.
BMA is planning to introduce BRT system, of which the capacity is estimated as
3,000 to 3,500 passenger/direction/hour at three-minutes frequency. However, since
there are come congested parts on BRT routes, it is uncertain whether the estimated
capacity is realistic or not.

3.

Comparison of Light, Medium and Heavy Transit Systems
The Study Team conducted the first screening to select appropriate urban transit
systems out of following eight typical systems, provided that the selected systems
are adopted to Orange and Yellow Lines.
•
•
•
•
•
•
•
•

MRT (underground)
MRT (elevated)
LRT (at grade)
Monorail (straddle type)
Monorail (suspension type)
AGT
Bus (elevated guideway bus system)
Bus (at grade BRT system)

The Study Team compared the above eight systems based on following criteria;
•
•
•

Balance of demand and capacity
Construction and O&M cost
Safety and reliability
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•
•
•
•

Convenience
Construction
Environmental impact
Influence to other transport modes

And the Study Team selected MRT (elevated) and Monorail (straddle) and evaluated
those two systems in the light of the detailed cost and benefit in Section 4.

4.

Evaluation of a Medium Transit System for Bangkok
First of all, the Study Team selected Orange and Yellow Lines as routes for medium
transit system, taking account of technical aspects, demand and priority.
Then, the Study Team conducted the economic evaluation of Orange and Yellow
Lines in the case of MRT (elevated) and monorail (straddle), and the comparison of
EIRR is as follows;
MRT

Monorail

Orange Line

16.9％

17.6％

Yellow Line

12.7％

14.1％

Based on the economic evaluation, detailed construction and &M cost, construction
method and safety measures, the Study Team selected the monorail (straddle) as a
system for the medium transit system for Bangkok.

5.

Summary of Conclusions and Recommendations
The demand forecast indicates that the PHPDT of Orange Line at 2021 is 27,000.
This figure is almost maximum capacity of the straddle-type monorail. Therefore, if
the route alignment of Orange Line is not changed, i.e. the route of Minburi –
Bangkapi – Dindaeng – Bangbamru is kept, it can be said that an elevated-type MRT
system will be the most suitable system. However, if the alignment is revised not to
go through city center, a straddle-type monorail can be an option.
The demand forecast indicates that the PHPDT of Yellow Line at 2021 is 22,000 at
peak hour. This figure is rather small for MRT System but most suitable capacity to
the straddle-type monorail. Therefore, as a conclusion, a straddle-type monorail
system is recommended to Yellow Line.
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1.

Introduction

1.1

Background
“Mass Transit Master Plan (MTMP)” was firstly drawn up as a rail based
transportation system plan in Bangkok in 1994. The plan was reviewed by “Mass
Transit Urban Rail Transportation Master Plan in Bangkok and Surround Area
(URMAP)” in 2001. The actual implementation was worked out in “Bangkok Mass
Transit Implementation Plan (1st Stage)” in 2004.
Abovementioned plans can be classified into three categories, namely, an elevated
Mass Rapid Transit (MRT) system of Bangkok Mass Transit System, so-called
Skytrain, (BTS), an underground MRT system of Mass Rapid Transit System of
Thailand (MRTA), and commuter train operation planned by The State Railway of
Thailand (SRT), so-called Red Line. It is scheduled to construct 291 km of MRT
systems in total of above three systems by 2009. (BTS system has been completed
23 km in total of two lines, and MRTA has been completed 20.8 km in one line.)
In order to stabilize land price, to solve traffic congestion, and to create efficient
capital, Bangkok Metropolitan Administration (BMA) is now planning to disperse
its over-concentrated function to subcenters. These subcenters (seven locations
planned at this moment) are located 20 to 30 km from the center of Bangkok, and
planned to connect by Mass (Medium) Transit System or Trunk roads with city
center.
Bangkok Metropolitan Subcenter Program, which is to create seven subcenters
around Bangkok, is in the planning stage, and there is no shape of actual
implementation at this moment. One of the subcenter programs now under study by
Nippon Koei is located at Lat Krabang, approximately 25km east side of Bangkok,
having area of 2,000 ha. And the estimated future population of Lat Krabang is
200,000. This figure includes the population only inside of the project area.
Considering the development of surrounding area, total population of the area will
be 400,000 to 500,000.

1.2

Project Objectives and Scope
The abovementioned rail based transportation plans are classified into mass transit
system or heavy rail system. It is worth of reviewing the necessity to have 291 km
long network of heavy rail system.
BMA is now planning to construct a dedicated lane for the operation of BRT (Bus
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Rapid Transit) system in the area not covered by MRT system. Since the transit
capacity of BRT is relatively small with respect to the space requirements, and
considering the road traffic condition in Bangkok, the effectiveness of the adoption
of BRT is questionable.
The purpose of the Study is to introduce a medium transit system and to study the
possibility to adopt the system for Bangkok. The medium transit system has a
medium capacity between MRT and BRT. And the system is in operation in many
cities in Japan such as Monorail, Automated Guideway Transit (AGT), Light Rail
Transit (LRT), etc.
All the existing mass transit plans are to operate inside the CBD or connecting CBD
with subcenters. Since each subcenter is planned to have 400,000 to 500,000
population, it is necessary to study having a light to medium capacity transit system
to provide feeder services.

1.3

Organization of Study Team
Position

Name (assignment)/
Company name

Team Leader

Mr. Akio OKUTSU (Railway Planning Expert)
Nippon Koei Co., Ltd.

Member

Mr. Tomoyuki TAKATA (Railway Construction Expert)
Tonichi Engineering Consultants, Inc.

Member

Mr. Tatsuya MASUZAWA (Transportation Planning Expert)
Nippon Koei Co., Ltd.

Member

Mr. Peter HODGKINSON (Transport Economist)
Nippon Koei Co., Ltd.

Site Support

Dr. Pinit SETO
Nippon Koei Co., Ltd.
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1.4

Schedule of the Study
The site survey was carried out in the following schedule;
Date
Aug. 21

Subject

Activity

Mobilization to Bangkok

Mr. Okutsu, Mr. Takata and
Mr. Masuzawa

Aug. 22 AM

Kick-off Meeting

Meeting at Nippon Koei office in Bangkok
(Mr. Okutsu, Mr. Tanaka, Mr. Masuzawa, Mr.
Hodgkinson and Dr. Pinit)

Aug. 22 PM

Visit JBIC Bangkok Office

Meeting with Mr. Miyao and Mr. Aita

Aug. 23 AM

Visit BMA Office

Meeting with Mr. Chitchanok
(Director General, Dept. of Traffic &
Transportation)

Aug. 23 AM

Visit MRTA Office

Meeting with Dr. Rithika Suprat
(Director of Planning Division)
and Mr. Chaisat Gururatana
(Director of Technical Dept.)

Aug. 24 AM

Visit TEAM Consultant

Meeting with Mr. Amnat Prommasutra
(Senior Executive Director)
Mr. Kittpol Bunninm
(Executive Director)
and Dr. Boonchai Sangpetngam

Aug. 24 PM

Visit Embassy of Japan in

Meeting with Mr. Okuda

Thai

(Second Secretary)

Aug. 25

Site Visit

Whole routes of Yellow and Pink Lines

Aug. 26

Site Visit

Whole route of Orange Line

Aug. 27

Site Visit

Blue Line (Bangkae – Bangkok Yai
section)
Mr. Masuzawa returned to Tokyo.

Aug. 28

Office work

Whole route of Yellow Line

Aug. 29

Office work

Whole route of Orange Line

Aug. 30

Visit OTP

Meeting with Dr. Kumropluk Suraswadi

Aug. 31

Demobilization

Mr. Okutsu and Mr. Takata returned to
Tokyo.
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1.5

Discussions with Thai Government Officials
(1) Bangkok Metropolitan Administration
Mr. Chitchanok (Director General, Department of Traffic and Transportation,
Bangkok Metropolitan Administration) explained the Study Team about the BMA’s
approach of BRT. BMA is now planning to operate the first BRT operation at the
North Bangkok Area (Mo Chit – Lad Phrao – Bangkhen). He emphasized the
success story of BRT system in Bogota, Colombia.
The Study Team explained to Mr. Chitchanok about the current situation of BRT
system in Jakarta, of which the surrounding situation is similar to Bangkok. The
BRT system in Jakarta is considered as a tentative solution of traffic congestion until
the construction of rail based MRT. The system in Jakarta is not functioning at the
level of Bogota because of the difference of road system and number of vehicles in
the city.
(2) MRTA: Mass Rapid Transit Authority of Thailand
The study team made a presentation of medium capacity transit system, such as
Tokyo Monorail, Tama Monorail, Kanazawa Seaside Line, etc., which are now
operating in Japan. The Study Team explained about the advantages of the medium
transit system, which is applicable to Bangkok MRT system.
MRTA directors expressed sincere interests in the explanation of medium transit
systems, which the Study Team introduced, and explained their intention of the
Study to adopt such system for future Yellow and Pink Lines. They explained their
urgent issue of unexpected high cost for the maintenance and operation of Blue Line,
and asked the Study Team about O&M cost of medium transit system operated in
Japan.
The study team explained general information of O&M cost of medium transit
system, and asked the possibility of study to introduce a medium transit system for
Orange Line, of which the conceptual design as a heavy rail has been completed.
MRTA directors explained the difficulty of the change at this moment because it
requires a policy change, and the transportation policy is decided by OTP (Office of
Transportation and Traffic Policy and Planning, Ministry of Transportation).
However, they also explained if there was clear verification, there was some
possibility of the change.
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2.

Review of Previous Studies and On-going Projects

2.1

Origins of the Bangkok Mass Transit Master Plan
Framework plans setting out a strategy for the development of urban mass transit
systems in Bangkok are certainly not a recent phenomenon. Such plans were firstly
produced during the early 1970’s. More recently, the Seventh Plan Urban and
Regional Transport Study (SPURT) released in 1990 was notable in the fact that the
plan advanced a two-part transport strategy for Bangkok including firstly the
introduction of a mass transit system and, secondly, the enforcement of
complementary car restraint policies. It is widely accepted that only through these
joint actions can the level of traffic congestion be reduced substantially and
effectively.
After SPURT, very little was done to ensure the development of urban railway
within a systematic planning framework linked to the future patterns of urban
growth. During this period, BTS (Green Line) and Hopewell elevated rail and
toll-way (Red Line) projects were conceived, and the cabinet approved to proceed
those projects. However, both were absorbed into the framework of the Bangkok
Mass Transit Master Plan when this plan was developed in 1994. In the event, only
the Green Line project sponsored by BMA proceeded to completion (in 2000). The
Red Line project sponsored by the State Railway of Thailand (SRT) was suspended
just prior to the Asian economic crisis of 1997/98 when the property market, on
which the private promoters depended for their returns collapsed. Nevertheless,
SPURT provided the justification for the subsequent establishment in 1992 of the
Mass Rapid Transit Authority (MRTA) and the later establishment of the Office of
the Commission for Management of Land Transport (OCMLT), later re-named the
Office of Transport and Traffic Policy and Planning (OTP). The creation of these
organizations allowed respectively for the coordination of mass transit system
development and operation in greater Bangkok and for the co-ordination of urban
transport policy formulation and planning.

2.2

Bangkok Mass Transit Master Plan (1994)
The Cabinet approved Mass Transit Master Plan in 1994, and this was the first
attempt to provide an integrated planning framework for the development and
realization of mass transit schemes within the Bangkok metropolis. This framework
allowed for the future urban transport needs of Bangkok to be assessed
systematically and for urban transport projects to be prioritized and developed in
conformity with the long term urban planning goals of the government. In addition,
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and importantly, it allowed the mass transit projects then being developed
independently, such as the Hopewell, BTS, and initial MRTA projects, to be
integrated into a network.
The network initially proposed in the 1994 Master Plan (and illustrated in Figure
2.1) consisted of five lines or “systems” with a combined length of 238 kilometres,
of which 103 km represented a core component of the three mass transit lines then
already either under development or in the advanced stages of planning, i.e. the
initial Red, Green and Blue Lines. The remaining 135 km represented extensions of
these lines and the addition of two new lines, the Orange Line running along an
east-west axis from Minburi to Panfah before turning south, then east and northeast,
ending at a terminus at Samrong and the Purple Line providing a parallel north-south
transit route to the west of the Red Line and linking Pakkred in the north with
Samsen in the south.
The majority of the extended network was proposed as elevation on structures using
the median strips of existing roads, but a significant part of the Orange Line was
proposed at the outset of underground construction.
The master plan identified a two-phase programme for the construction of the
extended network, the first phase being scheduled from 1995 to 2001 and the second
phase from 2001 to 2011. This initial network is illustrated in Figure 2.1.

Figure 2.1 Network in the 1994 Master Plan
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2.3

Modifications of the Original Bangkok Mass Transit Master Plan
OTP already completed the study on Urban Rail Transportation Master Plan
(URMAP) for Bangkok and surround areas in 2002. The purpose was to set the
essential Rail Mass Transit System in Bangkok and surrounding areas for 20 years in
order to support the changed situation such as declining economic condition. The
economic crisis in 1997 affected the amount of transportation demand and investing
capacity of both government and private sectors. During this period some railway
and elevated highway projects were cancelled.
The cabinet set the BMA Development policy. The policy was aiming;
•
•
•

To support the formulation of effective mass transit network,
To improve service quality of mass transit system
To coordinate various construction projects to meet the direction of the city
development

National Economics and Social Development Board (NESDB) issued the following
comments on the URMAP in October 2002 to the form perfect framework of the
mass transit system;
•

To expedite the development of the mass transit network to complete before
the due date

•

To improve the physical form of the project to minimize the environmental
impact along the route, and to avoid the duplication of the investment in the
development of the routes

•

To study the funding strategy to develop the mass transit system, and to study
the taxation method to increase the fund for the above.

Based on the abovementioned comments, MRTA prepared the following proposals;
•

The extension of Blue Line from Hua Lampong to Thaphra (underground 6.5
km) and from Thaphra to Bangkae (elevated 7.6 km), from Bangsue to
Pharanagklao bridge (11.6 km) and Bangsue to Thapra (13.1 km) to create a
circle route.

•

The new line construction of Orange Line (34 km), consisting 29 km
underground section (Bangkapi – Wangburapa – Mahaisawan) and 5km of
elevated section (Mahaisawan – Rajburana).
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2.4

BMA Sub-Center Program
The estimated population of the BMA jurisdiction is 7.4 million. This figure
indicates the heavy concentration of the population in the capital area. The Bangkok
Metropolis has grown to be one of the most populated cities in the world and the
most active economic center in South East Asia.
The urbanization of individuals and ad-hoc land development has driven the growth
of the Bangkok Metropolis. And the infrastructure also has been developed in time
sequence. The urbanization on site is thus generally initiated primarily by the private
sector. This is thought to be one of the reasons why the road network is poorly
devised in built-up areas, and this situation causes pertinent congestion in town.
Unplanned urban sprawl currently in progress causes not only traffic jam, but
various problems relating to urban living environment. Various problems include
mixing of conflicting functions such as residential and industrial which is potentially
hazardous to residents, lack of insufficient provision of public services and resultant
deterioration of living environment.
Realignment of the urban structure by the redevelopment in the central part
accompanied by development in the suburbs must be an urgent issue for the
well-ordered growth of the BMA area. The sub-center development at Lat Krabang
is expected to be a model case towards a multi-centric urban structure of the BMA
area.
A close linkage of railways and road networks is a primal step to secure the
accessibility to the sub-center area. A new railway station of a planned commuter
line from the Bangkok city center to the new airport (Red Line) should be properly
linked with road networks in the sub-center area. The transportation plan of the
sub-center development should be discussed with authorities related to the city
planning sector (BMA and DPT) and transportation sector (OTP and SRT).

2.5

BMA Urban Transport Projects
BMA is now planning to introduce BRT (Bus Rapid Transit) System, which utilizes
existing roads. The outline of two lines under planning is as follows;
•
•

North Line: Nawamin – Kaset – Mochit (19.4 km, 18 bus stops)
South Line: Chong Nontri – Chong Nonchi – Kurung Thep Bridge (15.5 km,
15 bus stops)

The capacity of the system is estimated as 3,000 to 3,500 passenger/direction/hr at
three-minutes frequency. However, since there are heavily congested areas in some
parts of the routes, it is uncertain whether the estimated capacity is realistic figure or
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not.
The planned network of BRT is shown in Figure 2.2 in dotted line.

Figure 2.2 Network of BRT
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3.

Comparison of Light, Medium and Heavy Mass Transit Systems

3.1

Types and Technical Characteristics
(1) Systems considered in the Study
Characteristics of the following typical systems are compared in this study;
a)
b)
c)
d)
e)
f)
g)
h)

MRT (underground)
MRT (elevated)
LRT (at grade)
Monorail (straddle type)
Monorail (suspension type)
AGT
Bus (elevated guideway bus system)
Bus (at grade BRT system)

(2) Characteristics of urban transit system
Figure 3.1 shows the applicable range of each abovementioned systems in the
context of transit capacity and scheduled speed. When the scheduled speed and
transit capacity are out of the range, the system will become inefficient or the effects
by introduction of the system will be diminished.
Km/h
Urban Railway
Scheduled Speed

Monorail
AGT
Tramcar
Bus

Transit Capacity in thousand persons per hour per direction

Figure 3.1 The Range of the application of urban transit systems
Characteristics of the abovementioned systems are summarized in Table 3.1.
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Table 3.1 Features of Urban Transit Systems

System a) MRT
Item
(undergroud)

b) MRT
(elevated)

d) Monorail e) Monorail
(straddle) (suspension)

f) AGT

g) Bus
(elevated)

h) Bus
(at grade)

Medium - Small Large - Medium Medium

Medium

Small

Small

Medium

medium - Low

Low

Medium

Medium - Low

Lowest

c) LRT

System
Appearance
Transit Capacity Large
Speed

High - Medium High - Medium Medium - Low

Cost for const.
Highest
& Maintenance
Space

Large

High - Medium

Low

Medium

Medium

High - Medium High - Medium

Small Large - Medium Large Medium - Small Medium - Small Medium - Small Medium - Small Large
(underground) (elevated) (on the ground) (elevated) (elevated) (elevated) (elevated) (on the ground)

Environmental
Medium /
Impact Small / Small /
Medium /
(air / noise / Small
Large
landscape)

Medium /
Small / Medium / Small / Medium / Small / Medium / Large / Medium / Large / Large /
Medium /
Small
Medium
Large
Large
Small
Small

Experiences

Many

Many

Many

- Large capacity - Large capacity
- High speed - High speed
- Highest cost - Many cases of
Features
- Small impact on introduction
environment

Many

A few

- Medium - Small - Large - medium - Medium
capacity
capacity
capacity
- People-friendly, - Simple track - More
but affected by structure complicated
road traffic - Small impact on structure than of
environment straddle type
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Many
- Medium
capacity
-Unattended
operation is
available

A few

Many

- Small capacity - Small capacity
- Lower cost than - Lowest cost and
of AGT
limited effect
- A few cases of
introduction

3.2

Capacity and Optimum Route Lengths
(1) Transit capacity of each system
The maximum transit capacity of each system is shown in Table 3.2.
Table 3.2 Comparison of Transit Capacity
Type of System

a) MRT

Max. Capacity

Calculation basis

(PHPDT) *1

(A x B x C x 60/D) *2

20,250 – 67,500

(3 to 10) x 150 x 150% x 60/2

(underground)

= 20, 250 to 67,500

b) MRT (elevated)

ditto

ditto

c) LRT

10,800

2 x 120 x 150% x 60/2 = 10.800

d) Monorail

27,000

6 x 100 x 150% x 60/2 = 27,000

18,000

4 x 100 x 150% x 60/2 = 18,000

10,800 – 21,600

(3 to 6) x 80 x 150% x 60/2

(straddle type)
e) Monorail
(suspension type)
f) AGT

= 10,800 to 21,600
g) Bus (elevated)

2,700

1 x 75 x 120% x 60/2 = 2,700

h) Bus (BRT at grade)

ditto

ditto

Note *1 PHPDT: Peak Hour Peak Direction Trips
*2 A: No. of Car, B: Car Capacity, C: Peak Ratio, D: Headway (min.)

From the view point of capacity, the above systems can be classified as follows;
•
•
•
•
•

MRT (underground/elevated): Large capacity
Monorail (straddle/suspension): Large – Medium capacity
AGT: Medium capacity
LRT: Medium – Small capacity
Bus (elevated, at grade): Small capacity

3-3

(2) Optimum route length of each system
When decide the route length, the following points shall be considered;
a) To avoid the case of over-capacity when passenger number is increased at the most
congested section
b) To avoid delays in operation caused by traffic congestion
When a transportation system is stretched in radial direction from/to city centre, and
if the system has long route length with small capacity, over-capacity section will be
observed at the city centre area as mentioned a) above. Due to this reason, the
optimum route length of small capacity system will be limited in case the system
having radial direction to city centre.
In case of circular or loop line, there is no limitation in the route length.
When a transportation system is running at grade, its operation will be affected by
traffic congestion even if the system has a dedicated lane. The optimum route length
shall be decided by the site condition.
The following Table 3.3 indicates route lengths of the abovementioned systems in
Japan. It can be said that a transportation system having bigger capacity and route
length become longer.
Table 3.3 Distribution of Route Length of the Systems (excluding LRT and Bus)
Type of System

Max. Route

Min. Route

Average Route

Length (km)

Length (km)

Length (km)

a), b) MRT

(There is no limitation in length.)

(Underground/Elevated)
d), e) Monorail *1
(Straddle/Suspension)
f) AGT *2

23.8

6.6

(Osaka)

(Shonan)

12.6

4.1

(Omiya)

(Yamaman)

14.4

9.3

Note
:*1 Seven companies of Tokyo, Tama, Chiba, Shonan, Osaka, Kitakyushu and Okinawa
:*2 Eight companies (nine routes) of Saiamta, Yamaman, Yurikamome, Yokohama,
Toukadai, Osaka, Kobe (two routes), Hiroshima
: There are extension plans for monorail and AGT.
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3.3

Capital Costs – Civil Works, Rolling Stock, Control Systems
Table 3.4 shows the rough estimation of construction cost of each system. In
accordance to the transit capacity, construction cost grows larger. Construction cost
is an important factor for the selection of system because construction cost is
directly linked to the profitability and cost-benefit performance of a route.
Though the Study targets a route expected to have moderate transit capacity, it is
important to make transport capacity more appropriate and to minimize construction
cost.
Table 3.4 Rough Estimation of Construction Cost
Item
System

Cost
(Million US$)

a) MRT (underground)

Evaluation

180-240 Highest

b) MRT (elevated)

80-120 High – Medium

c) LRT

15-25 Low

d) Monorail (straddle)

60-100 High – Medium

e) Monorail (suspension)

80-120 High – Medium

f) AGT

60-90 Medium

g) Bus (elevated)

40 Medium – Low

h) Bus (at grade)

2-5 Lowest

Note
This cost is roughly estimated based on both domestic and international
records, not based on detailed calculation.
The cost includes civil, architectural and electrical works and rolling stock.
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Operating and Maintenance Costs – Electric Power Consumption, Operating
Labour (Drivers and Station staff), Maintenance (Track, Stations, Rolling Stock
and Control Systems)
Table 3.5 shows the basic unit of operational cost of the systems (excluding bus).
The basic unit is calculated on the following three bases;
•
•
•

Railway route length
Car-kilometre
Transported passenger-kilometre.

The basic unit per above three bases set in descending order is as follows; (Note:
“>>” means a big difference.)
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•

Per railway route length: Metro >> Elevated railway > Straddle monorail >
AGT > Suspension monorail > LRT

•

Per car-kilometre: Metro > Suspension monorail > Straddle monorail >
Elevated railway > LRT > AGT

•

Per transported passenger-kilometre: Suspension monorail > AGT > LRT >
Straddle monorail > Metro > Elevated railway

In terms of the basic unit per railway route length, the basic unit is in descending
order of transit capacity, and it is assumed that fixed cost increase according to the
transit capacity. Especially, the fixed cost of MRT is quite high.
It is difficult to assess the basic unit per car-kilometre and per transported
passenger-kilometre simply from the order because workload and availability are
reflected in the order; however, it is supposed that operation efficiency of metro and
elevated railway is improved in accordance to transport condition, judging from the
order of those two systems in terms of the basic unit per transported
passenger-kilometre.
Judging by these circumstances, the choice of a system according to the transit
capacity substantially affects the cost of construction and operation.
Table 3.5 Comparison of the Basic Unit of Operational Cost (excluding bus)
Item / System
Basic unit
per railway
route
length

Number of Staff
Personnel cost
Expense
Total
Number of Staff

Basic unit Personnel cost
per carExpense
kilometer Total
Power consumption
Basic unit
per
passengerkilometer

Number of Staff
Personnel cost
Expense
Total

a) MRT
(underground)
48.3

b) MRT
(elevated)
18.8

d) Monorail e) Monorail
(straddle)
(suspension)
17.2
13.3
13.3

612,503
439,814

200,749
177,285

110,590
35,362

100,684
128,251

92,763
55,046

84,547
97,522

1,052,317

378,034

145,952

228,935

147,809

182,069

0.0347

0.0211

0.0467

0.0536

0.0603

0.0231

c) LRT

f) AGT
11.8

440.2

224.4

300.4

257.9

414.5

152.5

316.1

198.2

96.1

294.1

259.7

161.2

756.3
2.045

422.6
2.443

396.5
1.625

552.0
2.587

674.2
3.251

313.7
1.652

0.000541

0.000362

0.002893

0.001888

0.002799

0.002545

6.86

3.86

18.62

8.97

19.43

15.86

4.93

3.41

5.96

10.14

11.81

14.80

11.79

7.27

24.58

19.11

31.24

30.66

Note:
1. Annual Railway Statistics of the Year 2003
2. Metro: Tokyo Metro, Elevated railway: average of eight major companies in metropolitan area, LRT: Hiroshima Electric Railway
Straddle monorail: average of Haneda, Tama, Osaka, Kitakyushu and Okinawa, Suspension monorail: average of Chiba and Shonan
AGT: Yurikamome, Yokohama, Tokadai, Kobe New Tram and Hiroshima
3. Refrence: the basic unit of car-kilometer of bus (material from the Ministry of Land, Infrastructure and Transport of Japan in 2004)
Personnel cost: 275.9 Yen, Expense: 157.1 Yen, Total: 433.0 Yen
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3.5

Criteria Governing System Choice
(1) Criteria
The Study Team sorted out criteria for the selection of system in order of importance.
The result is as follows.
a) Balance of demand and capacity
•

Balance between traffic demand of the planned route and transport capacity of
the designed system
b) Construction and O&M cost
•

The most economical system shall be selected among the systems which
satisfy the traffic demand and requirements.
c) Safety and reliability
• Safety at emergency case
• Punctuality
• Past experiences of the same system to be verified
d) Convenience
• Convenience for passengers (operating head, accessibility to station, etc.)
• Connectivity to other transportation modes (possibility of through operation)
e) Construction
• Space for the system to be introduced
• Flexibility of the route selection
• Availability of materials and labor force
f) Environmental impact
• Air pollution, noise, vibration, sunlight, landscape, etc
g) Influence to other transport modes
•

Influence to other transport modes during construction and at the completion

At the time of selection, it is preferable to prepare the evaluation list covering the
above all criteria and to conduct comprehensive evaluation including the importance
of criteria.
(2) First screening
Stated in Section 4.1 and 4.2 in detail, the Study Team selected Orange-Line and
Yellow-Line as routes introduced urban transit system. The maximum section traffic
volume at peak time of both two lines is as follows;
•
•

Orange-Line: 27,000 person/hour in one direction (at the year of 2021)
Yellow-Line: 22,000 person/hour in one direction (at the year of 2021)
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Table 3.6 shows the result of the first screening for eight systems based on the above
index. As the result of the first screening, five systems such as LRT, Monorail
(suspension), AGT, Bus (elevated) and Bus (BRT) lack the transit capacity, and MRT
(underground) has an issue with the cost of construction and O&M. Therefore, those
six systems are not selected. Evaluating the detailed cost and benefit of remaining
two systems such as MRT (elevated) and Monorail (straddle), the Study Team will
make a final selection.
Table 3.6 Result of the First Screening
Item
System
a) MRT
(underground)
b) MRT
(elevated)

c) LRT

d) Monorail

Balance of
demand &
capacity

e) Monorail

f) AGT

g) Bus
(elevated)
h) Bus
(BRT)

Safety &
reliability

Convenience
○

△
Rather
excessive

×
Highest cost

○

△
Rather
excessive

△
Medium

○

×
Absolutely
lacking
○

○

△
A bit worse
punctuality

○

○

△
Medium

○

×
Lacking

△
Medium

△
Few experience

○

×
Lacking

△
Medium

○

○

×
Absolutely
lacking

○

○

×
Absolutely
lacking

○

(straddle)

(suspension)

Construction
& OM cost

○

Construction
△
Line shape
△
Line shape
○

○

Environmental
impact

Influence to
others

○

○

Result of
the First
Screening

X
△
Rather large
structure
○

○

○

○
△
Influence to
road

X

○

○

△
A bit worse
punctuality

△
All metal
structure

△
Rather large
structure

○

○

△
Rather large
structure

○

△
Air pollution

○

△
Low speed

○

△
Low speed

○

Note: The Study Team did not adopt systems marked "X" in criteria.
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△
Air pollution

X

X

X
△
Influence to
road

X

4.

Evaluation of a Medium Transit System for Bangkok

4.1

Route Selection
The Study Team selected routes for medium transit system based on the result of the
first screening (described in 3.5) and the current situation of all planned lines as
follows.
The Figure 4.1 shows existing and planned urban railway network.
Red, Blue and Green Lines are the extension of existing lines of SRT, MRT and BTS
respectively, therefore, in case elevated MRT or straddle-type monorail will be
introduced to those lines, there will be some difficulties of the connection between
existing system and proposed system.
Purple Line is a newly constructed line; however, the line has too large demand to
adopt the monorail, and there are many places of narrow width of road on the
planned route. Therefore, elevated system is not suitable.
Orange Line is also a newly constructed line. This line has a relatively large demand.
And in the Master Plan, most of this line is underground MRT because the planned
route is passing through Bangkok metropolitan area. However, the underground
MRT costs high, therefore, straddle-type monorail has an advantage of construction
cost because elevated structure is cheaper than underground. And the monorail is
competent to meet the demand.
Yellow Line is a suburban loop line with a bit smaller demand than that of Orange
Line and its planned route is passing on roads having enough width to construct
elevated structure. Therefore, Yellow Line is the most suitable for the straddle-type
monorail.
Pink Line is a loop line located at the outer side of Yellow Line. This line is also
suitable for monorail; however, the Study Team did not select this line due to the low
priority.
Taking the above situations into consideration, the Study Team selected Orange and
Yellow Line as routes for medium transit system.
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Figure 4.1 Network of Urban Railway

4.2

Traffic Demand Forecast for Selected Routes
In the absence of an updated traffic demand forecast for the Orange Line and of any
forecast for the Yellow Line, future demand levels for both lines were assessed on
the basis of the forecasts provided in the final report of the Bangkok Mass Transit
Implementation Plan. 1 This plan contains a forecast of the daily number of
boarding passengers for the eight lines then comprising the proposed Bangkok Mass
Transit network, including the Orange Line, but excluding the Yellow Line. These
forecasts are for two reference years, 2010 (assumed to represent the first year of
operation of the new lines) and 2021.
While the forecast for the Orange Line in the Implementation Plan was based on a
different alignment 2 than the one considered for the monorail in this analysis, this

1

TEAM Consulting Engineering and Management Co., Ltd.,

for Office of Transport and Traffic Policy and Planning: Bangkok Mass

Transit Implementation Plan (1st Stage), May 2004
2

The original alignment of the Orange Line addressed in the Implementation Plan would have involved its construction underground for

about 21 km of its total length of 24 km. The alignment considered in our proposal would involve elevation of the line for most of its length,
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was not considered to invalidate the use of this forecast for our analysis, since both
alignments would form part of essentially the same network. The Yellow Line,
however, was excluded from this network, since it was only added after the release
of the Implementation Plan.
Our approach was then to use the boarding forecast for the Orange Line as a basis
for generating traffic demand forecasts for the Yellow Line. This was achieved by
computing forecast trip rates for the Orange Line based on forecasts of the
population in its catchment area, and then applying these rates to the forecast
population in the catchment area for the Yellow Line, as demonstrated in Table 4.1.
The resulting ridership forecasts for the Yellow Line and their addition to the total
forecasts for the future Bangkok Mass Transit network are shown in Table 4.2.
The maximum passenger demand on each line during the morning peak hour, or the
maximum line loading, was determined as a basis for estimating rolling stock
requirements. Estimates of the daily maximum line loading for the Orange Line as
given in the Implementation Plan were used to derive estimates for the Yellow Line.
This was done by applying the ridership ratio between the Orange and Yellow Lines
to the maximum line loading of the Orange Line, as shown in Table 4.3. The peak
load factor, representing the proportion of daily ridership occurring during the peak
hour, was assumed to be 10 per cent, as also assumed in the Implementation Plan.

with the exception of a small section which would pass beneath the area near the Chitralada Palace. Our proposal would involve elevation of
the line above Klong Saen Sab, thereby avoiding the need to construct it beneath Ramkamhaeng Road.
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Table 4.1 Orange and Yellow Line Traffic Demand Forecasts
Line

Constituent districts in the
population catchment area

Orange

Population/daily boarding forecast
2000
2010
2020
2021
(act.)
161,090
237,730
312,366
321,012
190,015
196,551
198,334
198,513
98,247
96,594
97,378
97,457
228,669
236,572
238,761
238,981
310,262
369,554
380,507
381,620
376,602
462,433
624,813
643,903
294,672
473,293
639,434
658,965
137,426
176,073
234,464
241,276

Talingchan
Bangkok Noi
Pranakhon
Payathai
Huaykwang
Bangkapi
Buengkum
Minburi
Total

2,250,810

1,798,983

Boardings per day
Trip rate per head per day
Yellow

2,728,077

319,107
0.14177

Chatuchak
Lat Phrao
Bangkapi
Suan Luang
Prawet
Total

AARG %
2010-2021

2.8%
0.1%
0.1%
0.1%
0.3%
3.1%
3.1%
2.9%

2,783,748

2.0%

585,292
0.21025

5.7%

0.3%
3.1%
3.1%
2.5%
3.1%

226,221
190,803
376,602
175,000
336,174

253,350
294,396
462,433
206,490
488,891

260,935
397,752
624,813
660,519

261,706
409,902
643,903
270,000
680,695

1,304,800

1,705,560

1,944,019

2,266,206

2.6%
6.4%

Boardings per day (assume same
trip rate as for Orange Line)

241,805

476,477

Yellow Line as % of Orange
Line (Ridership ratio)

75.8%

81.4%

Sources:
1. Population forecasts: Conceptual Mass Rapid Transit Implementation Master Plan 1996 and Urban Rail
Transportation Master Plan 2000. These forecasts were prepared for a time-frame in 2020. They were aligned with
boarding forecasts to 2021.
2. Orange Line ridership forecasts: Bangkok Mass Transit Implementation Plan (1st Stage), May 2004.

Table 4.2 Bangkok Mass Transit – Daily Boarding Forecasts (passenger no.)
Line
Green Line E-W
Green Line N-S
Blue Line - Circular Line
Blue Line - Bangkae-Thaphra

Blue Line-Total
Purple Line
Orange Line
Red Line N-S
Red Line E-W
Yellow Line
Total Bangkok Mass Transit
Source: Study Team

2010
680,470
606,023
934,479
112,662
1,047,141
462,895
319,107
797,107
682,225
241,105
4,836,073

2021
1,098,200
1,193,590
1,834,264
220,922
2,055,186
909,924
585,292
1,393,638
1,385,709
476,477
9,098,016
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2036
1,477,763
1,606,967

2,765,759
1,224,740
787,333
1,876,140
1,865,374
640,889
12,244,965

Average annual rate
of growth (%)

20102021
4.4%
6.4%
6.3%
6.3%
6.3%
6.3%
5.7%
5.2%
6.7%
6.4%
5.9%

20212036
2.0%
2.0%

2.0%
2.0%
2.0%
2.0%
2.0%
2.0%
2.0%

Table 4.3 Orange and Yellow Line Maximum Line Loading
Orange Line
2010
2021
Max.Line Loading/direction/day (no.pax)
Max.Line Loading/direction/peak hour (no.pax)

Yellow Line
2010
2021

88,000

181,000

67,000

147,000

9,000

18,000

7,000

15,000

Source: Orange Line forecast derived fromBangkok Mass Transit Implementation Plan (1st Stage), May 2004. Yellow
Line forecast based on percentage relationship between future daily boardings of bot lines.

4.3

Selection of System Types (by selected route)

4.3.1

Concept of the Selection of System
In Section 3, the Study Team conducted a comparative review of eight systems and
selected following two systems as the result of the first screening.
•
•

MRT (elevated)
Monorail (Straddle type)

The Study Team here compared the cost and right-of-way of the above two systems
in the context of the actual situation and determined a system out of the above two
as the system adopted for medium transit system for Bangkok.
4.3.2

Factors for the Selection of System

(1) Outline of the selected routes
a) Orange Line
Orange Line is stretching in an east-west direction from Bang Bamru station of SRT
to Bang Kapi area through Bangkok metropolitan area. Its length is 22 km including
2 km-length underground section near to the Royal Palace. And an elevated highway
is running on Ramkhamhaeng street in the section neat to Bang Kapi. Therefore, the
Study Team, taking advantage of the fact that slim piers are applicable for the
monorail, planned the route on the canal (Khlong Saen Sab) along the street.
Yellow Line is a semi-loop line running in the eastern part of Bangkok metropolitan,
and its length is 29 km. The route of Yellow Line is running on relatively wide
streets such as Shrinakarin and Lat Phrao streets. There are crowded city block and
an elevated highway at the crossing point with Orange Line in Bang Kapi area.
Except this point, Yellow Line has a fewer critical sections than Orange Line
Figure 4.2 shows the layout plan of Orange and Yellow Lines. Figure 4.3 and Figure
4.4 show the schematic profiles of Orange and Yellow Lines
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Figure 4.2 Layout Plan of Orange & Yellow Line
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Figure 4.3 Schematic Profile of the Orange Line

4-7

Figure 4.4 Schematic Profile of the Yellow Line
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(2) Comparison of cost
The result of cost comparison is as below; (Section 4.5.1 covers the cost assessment
in detail.)
Table 4.4 Comparison of Capital Cost
MRT

Monorail

(THB mill.)

(THB mill.)

Orange Line

50,598

49,532

Yellow Line

58,491

54,675

Table 4.5 Comparison of O&M Cost
MRT

Monorail

(THB mill.)

(THB mill.)

Orange Line

53.32

48.99

Yellow Line

44.66

33.12

a) Capital cost
Table 4.4 shows the capital cost of the monorail is cheaper both in Orange and
Yellow Lines; however, differences between two systems are small.
The difference in Orange Line is smaller than that in Yellow Line. The reasons are as
follows;
•

The monorail requires more numbers of vehicles than MRT does due to
smaller transit capacity per one vehicle.

•

The cross-sectional surface of the monorail in the underground section is larger
than that of MRT.

Regarding Yellow Line, the monorail is much more advantageous in cost due to no
underground section.
b) O&M cost
Comparing to the capital cost comparison (Table 4.4), the superiority of the monorail
is outstanding in O&M cost comparison (Table 4.5). The reasons are as follows;
•

The monorail requires smaller maintenance cost due to simple structure.
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•
•

The power consumption of the monorail is smaller.
It is possible to decrease the number of staff by laboursaving measure such as
one-man operation.

(3) Economic evaluation
The detail of the economic evaluation is described in Section 4.5.2. The comparison
of EIRR (economic internal rate of return) is as below;
Table 4.6 Comparison of EIRR
MRT

Monorail

Orange Line

16.9％

17.6％

Yellow Line

12.7％

14.1％

Since the long-term cost of capital procurement is around 12% generally adopted for
similar construction projects in Thailand, the Study Team sets 12% as criteria for
EIRR comparison. EIRR in all cases is over 12%; however, it should be noted that
EIRR of monorail is higher than that of MRT both in Orange Line and Yellow Line.
From the above comparisons, it can be said that the monorail is superior to MRT in
economic evaluation.
(4) Characteristics and differences of structure
Figure 4.5 shows the characteristics and differences of elevated and underground
structure both of monorail and MRT.
As for the structure of the monorail, the noteworthy character is the beam structure,
of which superstructure and sub-structure are slim. On the other hand, the elevated
structure of MRT is slab structure.
The beam structure occupies smaller space and has flexibility of layout and cross
section. These features are reflected on the construction cost.
In the environmental aspect such as sunshine, landscape and air pollution, the
monorail is superior.
However, in the case of underground structure, the cross-sectional surface of the
monorail is larger and the construction cost becomes higher because the clearance of
the monorail is higher than that of MRT.
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Monorail

Underground Structures

Elevated Structures

MRT

Figure 4.5 Image of the Difference between MRT Structures and Monorail Structures
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(5) Emergency evacuation
In emergency situations like vehicle fire, passengers of MRT can escape out of
vehicles through doors and evacuate on tracks by walk. On the other hand,
passengers of the monorail can not escape out of vehicles due to beam structure.
As preparedness in emergencies, following measures are taken in Japan in order to
ensure the safety; (refer to Figure 4.6)
•
•
•

It is possible to move to other vehicles through walk-through doors.
There are ropes in vehicles for descending to the ground.
Passenger on disabled train can escape through doors to a rescue train
alongside.

•

Unburnable materials are used for vehicle.

Figure 4.7 shows samples of evacuation passage installed to a girder or in between
two girders. In those cases, the occupied space becomes larger by just that of
evacuation passage; however, the evacuation passage does not spoil the superiority
of the monorail in cost and environmental aspect.
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TRAIN TO TRAIN evacuation on opposite side of track
:
:

Passenger evacuation flow
Walkthrough provision, Side sliding door

Rescue Train

Disabled Train

TRAIN TO GROUND evacuation

By slow down rope

Figure 4.6 Evacuation Plan of Monorail in Emergencies in Japan
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(Evacuation passage installed to a girder)

(Evacuation passage in between two girders)
Figure 4.7 Samples of Evacuation Passage
4.3.3

Determination of System
The Study Team selected the monorail as a system for medium transit system for
Bangkok. The reasons are as below;
•
•

The monorail is superior to MRT in cost and economic evaluation.
In the case of elevated structure, the monorail is superior to MRT in slim
structure, flexibility of line shape and less impact to environment.

•

The monorail system can cope with emergencies.
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4.4

Construction Methodology and Schedule

4.4.1

Features of the Construction of Monorail
In order to minimize the construction impact on surrounding neighbourhoods,
Monorail BEAM TRACK guideway can be constructed and erected with much ease
to realise a fast-track schedule requirement. Disruption will be eliminated to a
minimum level by；

4.4.2

•
•

reducing the width of the right-of-way required for the column structure.
reducing traffic flow disruption during construction owing to that the columns
and beams are to be precasted at casting yard located away from the
installation site and time-consuming activity at the site is only the placement of
the foundations below ground level.

•

delivering the beams and columns to the site at night and lifting into place by
cranes before daylight, thus avoiding the disruptions to the congested traffic
flow;

Construction Methodology
Figure 4.8 shows the image of the construction methodology of monorail.

4-15

Figure 4.8 The Image of Monorail Construction
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4.4.3

Schedule to the Commencement of the Operation
The Study Team assumed that the operation of monorail would be commenced in
2012 as an earliest case. Table 4.7 shows the schedule of both Orange and Yellow
Line.
Table 4.7 Schedule to the Commencement of the Operation

Activities

2006

2007

2008

2009

2010

2011

2012

Preparation of F/S report
Loan financing procedure
Preliminary design & tender
Evaluation & negotiation
Detailed design
Construction
Commissioning

4.5

Broad Economic Evaluation (for each selected O&M)
The net economic benefits of constructing a monorail along the alignments of the
Orange and Yellow Lines were assessed against the alternative of constructing MRT,
along the same alignments.
The alignments forming the basis of this assessment are those described in Section
4.1 of this report. In the case of the Orange Line, the assumption of a predominantly
underground alignment (as in the Implementation Plan) was changed to a
predominantly elevated alignment (as investigated for the monorail system).
While the costs of the two alternative systems will differ, it has been assumed that
each will generate an identical form and level of economic benefits.

4.5.1

Estimation of project economic costs (capital and O&M)

(1) Assumed scale and timing of the construction project
The scale of the project and hence the magnitude of its construction and operating
(O&M) costs is influenced by the assumed spacing of stations. In this case it has
been assumed that stations for both alternatives on both lines would be provided at
intervals of one kilometre.
For the purpose of estimating the level and flow of the project construction costs, it
was assumed that the construction of both lines would be scheduled over a five year
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period, from 2007-2011, with commencement of services being scheduled for 2012.
This was essentially the same project timeframe as considered in the Implementation
Plan, but with a readjustment of the construction start year from 2005 to 2007.
(2) Project capital costs
The project capital costs comprise:
•
•
•
•
•

Land acquisition costs;
Utility relocation costs;
Construction (i.e. civil works) costs;
Electrical and mechanical (E&M) equipment costs; and
Rolling stock acquisition costs

a) Basis and underlying assumptions of cost estimates
Land acquisition along the alignment is assumed to be required only in the case of
some sections of the Orange Line where it deviates from crown land in the median
reservation of roads and is not following the route of Klong Saen Sab. In the case of
the Yellow Line, the alignment would follow the median reservation of public roads
for its entire length of 28.6 km and would not require land acquisition for the
elevated structures. However in the case of land area required for a depot the Yellow
Line would need land acquisition because it would not be able to use the existing
Blue Line depot in the MRTA compound, unlike the Orange Line which passes by
this depot. However, the land acquisition costs for the Yellow Line depot were
excluded from this analysis for two reasons:
•

no information was available on the likely level of land compensation costs in
the areas likely to be suitable for the location of a depot for the Yellow Line;
and

•

their inclusion would very probably have a neutral effect on the comparative
development costs of the two types of transit systems, since the larger unit area
requirements per car of an MRT depot would effectively be cancelled out by
the larger rolling stock fleet requirements of the monorail system.

In the case of the MRT alternative, the construction costs cover the construction of
elevated structures, stations and the track-work. In the case of the monorail the
construction costs cover the construction of the elevated guide-way structures and
stations. Construction unit cost estimates for the monorail system were based on
actual unit costs for the Okinawa monorail project, adjusted to reflect lower Thai
labour and materials costs and then converted to Thai baht at the current exchange
rate. Different unit costs were estimated for the different types of structures and
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stations3 likely to be required along the alignments of the lines under assessment.
While generalized unit construction costs for the MRT system were available from
the Implementation Plan, these appeared to be understated in relation to the nature
and scale of the construction task and did not allow for any variation based on
structure type. Thus, the unit cost estimates for the monorail system were used as a
basis for estimating the unit construction costs of the MRT system. In the case of
structures, MRT costs were assumed to be 40 per cent higher than those of the
monorail costs, owing to the heavier structures required for the MRT system. On the
other hand, owing to the larger cross section dimensions of tunnels for the monorail
system, the tunneling costs of the MRT were assumed to be 20 per cent lower than
those of the monorail. Civil costs for station construction were combined with the
cost of E&M equipment installation for stations (which includes the cost of escalator
and lift installations, but excludes cost of automatic ticket collection installations).
The costs of the MRT elevated stations were assumed to be 20 per cent greater than
those of the monorail, while the costs for MRT underground stations were assumed
to be 10 per cent lower than those of the monorail.
Electrical and Mechanical (E&M) costs include the costs of the electrical power
distribution system, the signaling and control system and the automatic ticket
collection system. For the MRT system, these costs were derived from unit costs
given in the Implementation Plan. They are somewhat lower than the costs estimated
for the monorail system (about THB 280 million per line-km, as compared with
THB 363 million per line-km for the monorail), but comprise the same types of
component costs.
Rolling stock acquisition costs were estimated for both the monorail and the
alternative MRT system on the basis of the number of cars required to satisfy the
peak hour passenger boardings, assuming a near crush passenger density per car
(about 7 persons, per m2, per car). Using this crush loading factor, the maximum
passenger capacity of MRT cars was calculated at about 350 passengers and that of
monorail cars at about 200 passengers, or about 60 per cent of the maximum
passenger capacity of the MRT cars. However, the acquisition cost per car for the
monorail system is slightly cheaper than that of the MRT system (THB 54 million vs.
THB 57 million). In estimating the fleet requirement for both systems on both lines,
allowance was made for a maintenance reserve (at 10% of the net fleet requirement).
The commercial life of cars for both systems was assumed to be 15 years and the
3

Along the Orange Line it is exoected that there would be five different types of structures (Standard Elevated, Special Elevated, Bridge,

Canal, and Underground) and four different types of stations (Standard Elevated, Special Elevated, Canal and Underground) while along the
Yellow Line it is expected that there would be only a single type of structure and station (Standard Elevated).
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flow of economic costs for rolling stock acquisition was adjusted to include an
allowance for fleet replacement in accordance with a retirement schedule based on
the commercial life assumption. The operating fleet requirements of both systems at
the end of the forecast period (the year 2041) were estimated as follows:
Orange Line

Yellow Line

MRT

131 cars

Monorail

231 cars

MRT

137 cars

Monorail

248 cars

b) Shadow price assumptions for economic cost calculation
Shadow price factors must be applied to the estimated financial costs of the project
in order to calculate economic costs for the purposes of the economic evaluation.
These factors, which mainly have the effect of excluding government duties, taxes
and charges from the cost flows in the economic evaluation, were derived from the
Implementation Plan4 and are as follows:
•
•
•
•

Design and construction supervision costs:
Construction and E&M costs:
Rolling stock acquisition costs:
Operating and Maintenance costs:

0.92
0.88
0.84
0.92

c) Capital cost estimates
The resulting capital cost estimates for the construction of alternative MRT and
monorail systems on the Orange Line are given in Tables 4.8 and 4.9, while the
corresponding estimates for the Yellow Line are given in Table 4.10 and 4.11.
In the case of the Orange Line, there is almost no difference between the overall
capital costs of both system alternatives (THB 50.6 billion for the MRT and THB
49.9 billion for the monorail). This is mainly due to the higher rolling-stock
acquisition costs of the monorail system and to the fact that the Orange Line would
contain an underground section of 2.2 km, where the cost of constructing the
monorail would exceed the cost of constructing an MRT, because of the larger
underground cross section of the former.
In the case of the Yellow Line, there is a more favourable cost comparison for the

4

TEAM Consulting Engineering and Management Co., Ltd., for Office of Transport and Traffic Policy and Planning:

Bangkok Mass Transit Implementation Plan (1st Stage), May 2004, Chapter 7, Section 7.2.
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monorail which would have a lower overall capital cost than the MRT (THB 54.7
billion vs. THB 58.5 billion).
Table 4.8 Orange Line: capital cost estimates for MRT
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Table 4.9 Orange Line: capital cost estimates for monorail
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Table 4.10 Yellow Line: capital cost estimates for MRT
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Table 4.11 Yellow Line: capital cost estimates for monorail
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(3) Project Operating & Maintenance (O&M) costs
a) Main operating assumption
The pattern of train operations during peak and off-peak operating periods will have
a major influence on the level of O&M costs for both alternative transit systems. For
both systems on both lines, the number of operating hours per day would be 19, of
which six hours (three hours in the morning and three hours in the evening) will
represent peak operating periods and the remaining 13 off-peak operating periods.
Peak period demand will require short operating intervals (headways) of 3-4 minutes,
which may be extended to 6-8 minutes during off-peak periods. For the MRT system
on both lines train formations during peak periods will comprise three cars initially,
increasing to six cars within 11 years. For the monorail system on the Orange Line
peak hour train formations will comprise six cars throughout the forecast timeframe,
but on the Yellow Line will start at four cars, increasing to 6 cars within 11 years.
Similar staffing requirements will be apply to both systems, except that the absence
of platform security doors on the MRT may require that trains be crewed by two
persons (a driver and a train guard) instead of only a driver as will be the case with
the monorail system. Otherwise the same staffing ratios have been assumed for both
systems.
b) Unit O&M costs
There are significant variances between the two systems in the case of some of the
O&M component costs. The heavier MRT cars consume electrical energy at the rate
of 7.5 Kwh per car-km, whereas the lighter monorail cars consume only 2.7 Kwh per
car-km. In addition, while rolling stock and infrastructure maintenance costs in the
case of the monorail are estimated respectively at rates per car-km and per
line-km/per station, the infrastructure and rolling stock maintenance costs of the
MRT were estimated as a proportion of capital cost, resulting in significantly higher
unit costs.
c) O&M cost estimates
Samples of the costing sheets developed for the purpose of estimating O&M costs
for the monorail operation on both lines are given in Tables 4.12 and 4.13. A similar
approach was used for the estimation of O&M costs for the MRT.
The unit economic O&M costs per route-km for both project alternatives as at the
end of the forecast period (2041) is shown in Table 4.5 of Section 4.3.

4-25

Table 4.12 Monorail O&M costs for Orange Line
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Table 4.13 Monorail O&M costs for Yellow Line
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4.5.2

Estimation of Project Economic Benefits
The Mass Transit Implementation Plan of 2004 contains estimates of five types of
economic benefit which were considered likely to result from the diversion of
commuter traffic from the urban road network to the Bangkok Mass Transit network.
Benefits were measured across the entire mass transit network, comprising seven
individual lines, by comparing estimates of costs in the “With” and “Without”
Project cases, over the forecast period of 2010-2039. The five types of benefit
measured included:
•

Fuel savings – representing the cost of fuel which would be saved as a direct
result of removing commuter traffic from the urban roads and carrying it
instead by mass transit;

•

Vehicle Operating Cost (VOC) savings –representing the savings in other road
vehicle operating costs, such as the cost of vehicle maintenance, directly
resulting directly from the transfer of commuter traffic from the urban roads to
the mass transit network;

•

Travel time savings for road users – resulting from a reduction in the total
travel time of road users due to the transfer of commuter traffic from urban
roads to the mass transit network.5;

•

Travel time savings for railway users, or the saving resulting from a transfer of
commuter traffic from the urban roads to the mass transit network. In this case,
however, such a transfer would result in an increase in passenger travel time on
the mass transit network and hence there would be negative travel time savings
for users of the mass transit network;

•

Reduced air pollution costs, or the reduction in atmospheric pollution and its
associated costs resulting directly from a transfer of commuter traffic from the
urban roads to the mass transit network.

With the exception of the fourth and fifth-listed items, the above benefits would
mostly flow to road users, since development of the mass transit network would
result in better utilization of the whole urban road network. Estimates of the savings
to road users were prepared with the assistance of the World Bank HDM-4 Highway
Cost model, while a generalized model6 was used to calculate the difference in the
air pollution costs, by road vehicle type, between the “With” and “Without” Project
5

In this case, travel time was valued for different categories of road users at rates estimated in the URMAP project of 2000.

The Value of Travel Time Saving was estimated as VOTsaying = (VOT x VHTwithout project ) – (VOT x VHT with project), where
VOT = Hourly Value of Travel Time and VHT = Total Travel Hours.
6

McCubbin and Delucchi, Health Costs of Motor Vehicle-Related Air Pollution, 1999.
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cases.
The benefit estimates of the Implementation Plan were used as the basis for
estimating the relative economic benefits of constructing a monorail, rather than a
mass transit railway, on the alignments of the proposed Orange and Yellow Lines.
This was achieved by distributing the base benefit estimates for the Bangkok Mass
Transit network to the Orange and Yellow Lines in direct proportion to their
estimated shares of the forecast daily passenger boardings for the whole network
(see Table 4.1 above). This is considered to be a valid method since passenger
boardings will be representative of the commuter traffic removed from the road
system in the catchment area of the lines under study, and hence of the level of
associated benefit. The MRT and monorail systems were assumed to generate
identical levels of benefit on both lines.
The resulting benefit estimates for the Orange and Yellow Lines may be seen in the
analysis of project economic returns in Tables 4.14.
4.5.3

Analysis of Net Economic Benefits
Calculations of the net economic benefits for the two project alternatives on the
Orange and Yellow Lines are given in Tables 4.15 – 4.18.
The results of the analysis have been given in terms of three indicators of project
economic worth:
•
•
•

ENPV (Economic Net Present Value)
EIRR (Economic Internal Rate of Return)
BCR (Benefit/Cost Ratio)

The economic cost and benefit flows of the project alternatives were discounted at a
rate representing the assumed long term cost of capital (12%) to generate the ENPV
and BCR estimates.
(1) Net economic benefits of project alternatives for the Orange Line
The results suggest that in the case of the Orange Line there would be little
difference between the net economic benefits generated by the two system
alternatives (the EIRR in the case of the MRT would be just below 17%, while the
EIRR in the case of the monorail would be a little over 17%). The reasons for this
are that there is very little difference between the capital costs of both alternatives
and both would generate the same level of economic benefit. However, both
alternatives would produce economic rates of return in excess of the long term cost
of capital.
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(2) Net economic benefits of project alternatives for the Yellow Line
For the Yellow Line, the assessed project economic returns are somewhat lower than
for the Orange Line, with likely EIRR’s for the MRT and monorail of 12.50% and
13.97%, respectively. This result is explained by a combination of lower ridership
levels (with a lower level of associated economic benefit) and higher capital costs
owing to the longer route length of the Yellow Line by comparison with the Orange
Line. The better result for the monorail reflects its lower capital and operating costs,
as compared with the MRT.
Table 4.14 Estimation of Project Economic Benefits, Orange & Yellow Line

4-30

Table 4.15 Economic Evaluation of Orange Line MRT
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Table 4.16 Economic Evaluation of Orange Line monorail
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Table 4.17 Economic Evaluation of Yellow Line MRT
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Table 4.18 Economic Evaluation of Yellow Line monorail
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4.6

Pricing and Fare-setting Options
The level of fares for mass transit systems in Bangkok will to a major extent be
constrained by the fares on which the ridership forecasts have been based, as well as
the fare escalation guidelines set by the OTP (Office of Transport and Traffic Policy
and Planning).
The mass transit fare structure, on which the forecasts in the Implementation Plan
was based, is composed of a flagfall component of 10 Baht plus a distance
component of 1.80 Baht per km. Thus the fare paid by commuters travelling an
average distance on the Orange Line of 7.68 km (as forecast in the Implementation
Plan for 2010, the year initially planned for service commencement) would be
approximately 24 Baht.7
The OTP initially determined that mass transit fares would rise every 5 years,
starting with a 5% increase in 2010 and a 10% increase every five years thereafter. It
was noted in the Implementation Plan that on this basis fares would be increased by
an average of 1%-2% per year, which would fall behind the expected inflation rate
of 3 % per year, meaning that the real value of farebox revenues would fall by
1%-2% per year. In addition, since it is likely that O&M costs would increase at or
about the general inflation rate, system operating margins could fall, threatening the
sustainability of some operating concessions. It was suggested in the Implementation
Plan that fares should be increased every year at the inflation rate net of the rate of
cost reduction in order to maintain financial viability of operating concessions.

4.7

Financing Options

4.7.1

Farebox Revenue
Farebox revenue is calculated by multiplying the average fare by the daily number
of boardings. As a source of revenue, fares have the disadvantage that their absolute
level is subject to regulation by the government and, as shown above, they are
unlikely to keep pace with the rate of inflation under the escalation rules imposed by
the government.

4.7.2

Tax Revenue Disbursement
There is an estimate in the Implementation Plan that at best the amount which would
be available from the government expenditure budget for funding of mass transit

7 7

TEAM Consulting Engineering and Management Co., Ltd., for Office of Transport and Traffic Policy and Planning:

Bangkok Mass Transit Implementation Plan (1st Stage), May 2004, Ch 8-10.
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projects in Bangkok would be THB 120-175 billion over the next 6 years, or THB
20-47 billion annually. In the same report aggregate mass transit investment costs at
current prices for the next 6 years were estimated at THB 521.7 billion, suggesting
that at best the government expenditure budget could fund only 23-34% of the total
mass transit system investment costs. Even then, the consultants’ estimates assume
that mass transit would account for a growing share of the government expenditure
budget as compared with other sectors such as education, public health and
agriculture.
4.7.3

Mass Transit Development Plan
The Mass Transit Development Fund (MTDF) has not yet been implemented, but
would involve raising finance for investment in the mass transit projects of Bangkok
through the imposition of taxes and charges on road users. In particular, it was
assumed in the Implementation Plan that the scheme would involve:
•
•
•
•

Imposition of an additional excise tax of 1 Baht per litre on benzene;
Imposition of an additional excise tax of 0.75 Baht per litre on diesel;
Raising the new vehicle registration charge to 10,000 Baht per vehicle; and
Increasing the current registration renewal fee by 50%

The estimate of the consultants engaged for the Implementation Plan was that THB
142.9 billion would be raised by this means during the first 6 years of project
development, out of an estimated total investment requirement of THB 521.7 billion
(or 27%).
The advantage of the MDF is that the potential users of the mass transit system
would contribute to its funding through their payment of road user taxes and charges,
although road users living in rural areas would also be making a contribution to the
fund. Its disadvantage would lie in the fact that there would be strong public
resistance to further imposts on fuel at a time of rapidly rising fuel prices.
4.7.4

Mutual Funds
This option, which was assessed in the Implementation Plan would involve the
government establishing a 10 year closed-end mutual fund with the objective of
investing in the development of mass transit system development. This funding
method would be similar to the Vayupak Fund which is a new funding mechanism
already established by the government for the funding of other public projects. Since
a mutual fund is a juristic person, its assets and liabilities are separated from those of
the government and its debts are not considered public debt unless the government
guarantees payment of the debt.
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Essentially this method would involve the offer of fund units to the public for
investment in the Stage 1 development of the mass transit network as specified in the
Master Plan. If at the redemption period the project still needs funding, the
government would establish a new 10-year closed-end fund to finance the project.
The fund would pay a dividend of not less than 4% per annum and the government
would guarantee dividend payment in years when the project’s operating profit is not
sufficient.
Unlike the existing Vayupak Fund, which has diversified investments in several
businesses, the new mutual fund would invest only in mass transit system projects
and the return on its investment would depend solely on the success of these projects
and would therefore have a higher level of associated risk. Given its riskier nature,
the consultants for the Implementation Plan have estimated that this source would
generate no more than THB 18 billion, leaving the government to bridge the
financing gap with funds from other sources, such as foreign investors, government
agencies or the long-term savings of state enterprises.
4.7.5

Public Debt
The funding requirements of the overall mass transit system development are
massive. Its Phase 1 investment cost of THB 521.7 billion would represent 4.8% of
the GDP forecast for the initially planned opening year of 2010. As funding of this
cost through public debt would have driven overall public debt closer to the ceiling,
the government made the decision to develop the project without incurring new
public debt. Thus the use of alternatives, such as government bond issues, domestic
term loans and foreign term loans are precluded as a result of this decision, despite
the low interest bearing loans available from some of these sources (such as JBIC).

4.8

Management Options
To date, the Bangkok Mass Transit Network has been developed and managed
through operating concessions awarded to two companies:
•

the Bangkok Transit System Public company Limited (BTSC), which was
awarded a concession contract from the Bangkok Metropolitan
Administration to build and operate the Bangkok Sky Train (or Green Line).
This system currently has two routes in operation, from Morchit to On Nut,
following Sukhumvit Road, and from Saphan Taksin to the National Stadium,
following Silom Road; and

•

the Bangkok Metro Company Limited (BMCL) which was awarded a
concession contract from the Mass Rapid Transit Authority (MRTA) to operate
the Blue Line subway route from Bang Sue to Hua Lompong.
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The present government has long expressed a desire to develop the mass transit
network under a single ticket system and to consolidate the management and
operations of the network components under a single management entity. The
Implementation Plan identifies three alternatives for the future integrated
development and management of the mass transit network:
a) designate the MRTA as the system operator, or establish a new state enterprise to
operate the network, as is the case in several mega-cities of the world, such as Tokyo,
Osaka, Paris, New York and Los Angeles;
b) establish a new wholly government-owned company to operate the network as has
been done in Singapore, Hong Kong, Seoul, London, and Toronto; or
c) award an operating concession to a private investor with the MRTA acting as a
supervisory authority, which is the alternative chosen for the operation of the Blue
Line by BMCL under MRTA supervision.
Under the first two alternatives, the government would provide 100% of the required
investment in infrastructure and rolling stock, but would receive about 30 per cent of
the operator’s revenue or about 30% of the operating profit through the payment of
corporate tax. These alternatives would have the advantage that the required level of
government supervision would be low and the required rate of return would be
relatively low.
Under the last alternative, the government would commit investment in the rail
infrastructure and the E&M system, while the private concessionaire would invest in
the rolling stock. The government would receive revenue from the concessionaire
in the form of a system rental fee and a share of the profits if the return on equity
exceeds a reasonable level. Thus the advantage of this alternative is that it would
relieve the financing burden on the government, while its disadvantages would lie in
the high level of government oversight and supervision and in the high rate of return
required.
The government has yet to make a decision on the form, structure and functions of a
new integrated mass transit management entity for Bangkok.
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5.

Summary of Conclusions and Recommendations

5.1

Orange Line
According to the first screening 5 transit systems, such as, LRT, Suspension Type
monorail, AGT, Elevated Bus and BRT are judged inadequate because of their
insufficient capacity. Underground MRT is also judged inadequate because of the
high construction cost. Consequently, Straddle Type Monorail and Elevated MRT
systems are considered for Orange Line. (However, it seems that Thai Government
is still keeping the scheme of the construction of Underground MRT for Orange
Line.)
The demand forecast indicates that the PHPDT of Orange Line at 2021 is 27,000.
This figure seems to be more suitable to MRT system than Monorail system.
However, it will be very difficult to construct an Elevated MRT system on this
corridor because of the narrow space above the road designated for the alignment. If
an Underground MRT system is selected, the construction cost will be very high
compared to the elevated systems. If a Straddle Type Monorail is adopted, the
construction cost will be the lowest among the three alternatives due to the lighter
structure and flexibility in the alignment design. Especially, if the monorail is
constructed along the canal, not only reducing the construction cost, but also
minimizing the affect to the road transportation.
According to the latest information, Thai Government has commenced tender
process for MRTA system including Blue Line (extension), Purple Line (new
construction) and Orange Line (new construction) from 15 February 2006. Although
the details of the tenders are not known, since the world’s monorail manufactures
(Japan, Canada and Malaysia) are included in the short-listed contractors, it seems
that a monorail system is also an option of the construction. There may be a
possibility to materialize the first Monorail line in Bangkok in these contracts.

5.2

Yellow Line
The alignment of Yellow Line is forming semi-loop running through Lat Phrao Road,
Srinakarin Road and Thepharak Road. Due to this circular alignment, over capacity
situation is hardly occurred even in the peak hour.
The demand forecast indicates that the PHPDT of Yellow Line at 2021 is 22,000 at
peak hour. This figure is rather small for MRT System but most suitable capacity to
the Straddle Type Monorail. Therefore, as a conclusion, a Straddle Type Monorail
System is recommended to Yellow Line.

5-1

^

The priority of the construction of Yellow Line is not high. It will be after the Blue
Line extension, Purple Line and Orange Line construction. If a Medium Transit
system is selected for any of these lines, an application of the same kind of system to
Yellow Line will be easy because Yellow Line is most suitable for such system in the
sense of capacity, construction cost and aesthetics. If not, a strategic approach will
be required for the introduction to Bangkok.
It has been explained in many countries that the adoption of a single MRT system is
more economical than multi system in one city because of the utilization of common
maintenance facilities and equipment. This may be true when the size of the city is
relatively small. However, it may not be true for big cities, such as Tokyo and
Bangkok, because the capacity requirements, land availability, environmental
impacts, etc. are different line by line, and where passenger demand is relatively
small, MRT system will be an over designed system.
Based on the operation and maintenance experience in the Blue Line, MRTA
understands the demerits of a single system (monopoly) and is looking for a multiple
system operation. However, although various studies have been made in the past
decades for the planning of MRT system in Bangkok, no other option had been
provided except MRT system.
Recently, BMA (Bangkok Metropolitan Administration) is planning to introduce
BRT (Bus Rapid Transit) in some area. That is the first option other than MRT
system. However, it is still uncertain whether the BRT system will be introduced or
not because of political circumstances and the limited capacity of the system.
When Japanese ODA to Thailand is resumed, it will be an option to utilize the
procedure of JBIC project formation scheme to promote an Medium Transit system
to Bangkok.
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Appendix A: Rendu of Orange and Yellow Lines

Orange Line

Appendix A-1

Yellow Line

Appendix A-2

Appendix B: Photo of the planned route of Orange Line

Planned Route of Orange Line
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Appendix C: Photo of the planned route of Yellow Line

Planned Route of Yellow Line

Appendix C

