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6.0 RAIL BASED PUBLIC TRANSPORT DEVELOPMENT STRATEGY
6.1 Background

6.1.1 Rail networks in the past were built for inter urban travel. However, with the advent of the motorcar, cities expanded further out and created the urban sprawl. The rail networks increasingly lost the functionality as interurban travel modes but with the limits of travel by motorcar reaching saturation, its effectiveness has once again become important but in the form of both Inter and Intra urban travel.

6.1.2 Historically Rail networks have developed in the Radial form. This is essentially the rail line originating in the main city centre and extending out radially towards other activity zones. The essence of this network is that the main city remains the core of the future development of the whole area. 

6.1.3 However, over long periods of time, this has the tendency to fossilize some routes making the mode itself uneconomical when trading centres shift elsewhere. On the other hand it also has the ability to create new or add impetus to redevelopment areas located along the rail corridor.

6.1.4 In the context of the Klang Valley, the rail network suffered from considerable under investment. The following Fig. 6.1 shows the areas in the Klang Valley that are not served by any form rail network.
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Source: Consultant Team

Fig. 6.1 – Areas in Klang Valley not Served by Rail Networks

6.2 The Planning Framework – Rail Transit Network

6.2.1 In determining the Rail Development Strategy for the Klang Valley, the first consideration pertains to the Planning framework. A series of definitions were outlined as the basis for the formulation of this framework.
6.2.2 What constitutes the Rail Transit network ?

Definition

The Rail Transit Network is a series of rail and feeder bus routes working in unison to provide a seamless travel.

6.2.3 What are the Principles of the Rail Transit network ?
a) Direct Passenger Catchment is within a 1 km radius of the transit stations.

b) Indirect Passenger Catchment is through the supporting feeder bus network within 3 km radius of the stations.

c) Transit stations are located between 250m to 500m apart in existing built up areas and between 1000m to 1500m apart in other areas.

d) Transit stations at Urban Centres are multi modal transport hubs.

6.2.4 What is the Concept of the Rail Transit network ? 
There are in essence 3 types of Rail Transit Networks; 

a) Radial, 

b) Radial with Circumferential and 

c) Radial with Branches



6.2.5 The Radial, Radial with Circumferential and Radial with Branches Rail Transit Networks are described as follows:
a) Radial Network

Characteristics of the Radial Network

i. Rail Transit routes converge to the major urban centre in the region.

ii. Rail Transit routes cater to the largest movement of people within the shortest time.

iii. Rail Transit routes may not connect to the subcentres.

iv. Rail Transit routes reinforce the radial pattern of urban expansion

b) Radial with Circumferential

Characteristics of the Radial with Circumferential 

i. Routes converge to the major urban centre in the region

ii. Routes cater to the largest movement of people within the shortest time.

iii. Routes may not connect to the subcentres.

iv. Reinforces radial pattern of urban expansion

v. Allows for cross radial movements within the circumferential network Radial with Branches

c) Radial with Branches

Characteristics of the Radial with Branches

i. It connects all major urban centres and Sub centres.

ii. The network promotes a decentralised urban growth pattern

iii. It has greater coverage of the outlying areas

6.2.6 The schematic of the Radial, Radial with Circumferential and Radial with Branches Rail Transit Networks are shown in Fig. 6.2.
6.2.7 Fig. 6.3 and 6.4 show the schematics of Typical Rail Transit Stations with Feeder Bus network and Monorail network.
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Source: Consultant Team

Fig. 6.2 - Schematic of the Radial, Radial with Circumferential and Radial with Branches Rail Transit Networks
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Fig. 6.3 - Schematic of Rail Transit Network with Feeder Bus Routing
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Source: Consultant Team

Fig. 6.4 - Schematic of Rail Transit Network with Feeder Bus Routing and Monorail System

6.3 The Planning Framework – Urban Planning

6.3.1 In developing the planning framework from the Urban Development perspective, a number of sectors specific to the Klang Valley Rail Transit Network were identified and developed.
6.3.2 These sectors are broadly defined and tabulated as follows:
Table 6.1 – Planning Framework (Urban Planning)

	No.
	Sector
	Description

	1.
	Economic
	This is the measure of the overall economic performance of the proposed rail transit networks in terms of Total cost of construction and Maintenance, Economic Internal Rate of Return, Net Present Value, Benefit / Cost Ratio and First Year Rate of Return.

	2.
	Engineering
	This reflects the level of efficiency and the relative ease of construction of the proposed rail transit networks.

	3.
	Environmental
	This is the measure of energy consumption, vehicular emission savings, level of intrusion into environmentally sensitive areas and noise impacts due to the proposed rail transit networks.

	4.
	Institutional 
	This is the level of connectivity to the existing public transport system, linkages to strategic growth centres within and out of the Klang Valley. It also requires minimizing acquisition of private land due to the proposed rail transit networks.

	5
	Social
	It is also important to increase mobility to all sectors of society and maximize linkages to employment centres, whilst minimizing disruption to neighbourhood communities.


6.4 
The Alternative Rail Transit Networks

6.4.1 The development of the alternative Rail Transit Networks for the Klang Valley has taken into consideration all of the contemplations deliberated in the Planning Framework.
6.4.2 This has resulted in the three (3) Rail Transit Options for consideration and evaluation. The following Table 6.2 highlights key features of the Existing and Proposed Rail Transit Networks.
Table 6.2 - Rail Transit Options

	No.
	Option
	Length
	Description

	1.
	Do Nothing
	182 km
	This is the existing Rail Network in the Klang Valley. It encompasses Heavy Rail (KTM), Light Rail (Star and Putra), Monorail and Express Rail (Airport Train).

The network is assumed to be static and no new length of rail is assumed to be added on.

	2.
	Option 1 
(Also known as the Radial with Branches Option)
	261.6 km
	This Option is designed to meet the Overall development pattern as envisaged in the various Structure Plans. The rail corridors in KL are radial and its key feature is the use of the current KTM corridor from Klang to KL as the main spine, with branches into Subang Jaya, Shah Alam and Klang.

	3.
	Option 2

 (Also known as the Radial Option)
	252.4 km
	This Option is designed to meet the Overall development pattern in its currents form. The rail corridors in KL are radial and its key feature is the continuation of the radials in the western direction towards Klang.

	4.
	Option 3

(Also known as the Loop Option)
	269.9 km
	This Option is a combination of all the different rail proposals that have been proposed in the past. This includes the KL Structure Plan, Selangor Structure Plan and the Local Plans.


6.4.3 The following Figures 6.5, 6.6, 6.7 and 6.8 show the various Rail Transit Network Options identified for the Klang Valley.
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Source: Agiswlk and Consultant Team

Fig. 6.5 - Existing Rail Transit Network 
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Fig. 6.6 - Rail Transit Network Option 1 : Radial with Branches
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Fig. 6.7 - Rail Transit Network Option 2 : Radial
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Fig. 6.8 - Rail Transit Network Option 3 : Loop

6.5 Analysis of Rail Transit Networks
6.5.1 A number of analysis techniques were applied on the Proposed Rail Transit Networks. These ranged from the Public Transport Model (using Transcad), GIS Spatial analysis and the Multi Criteria Decision Making (MCDM).
6.5.2 Geographic Information System (GIS) represents a new paradigm for the organization of information and design of information systems, the essential aspect of which is use of the concept of location as the basis for the structuring of information systems. The application of GIS is relevance to transportation and land use study due to the essentially spatially distributed nature of the data, and the need for various types of statistical and spatial analysis and manipulation. At GIS platform, by integrating many sets of its attribute and spatial data generally extends the transport network and land use databases. Moreover, GIS will facilitate integration of all other socio-economic data with these database for wide variety of planning functions.
6.5.3 A number of databases were made available for use in GIS applications including land use, demographic and transportation network. As reported earlier many of them were taken from AgisWLK. Data were also collected from local authorities in the Klang Valley to support micro planning. However, due to unavailability of all aspects of data at micro level, some data were abstracted from Selangor Structure Plan and National Physical Plan. 
6.5.4 Several challenges were faced during the processes that mainly concerned data availability. The following Table 6.3 is the list of land use data obtained from the various local authorities for the study.
Table 6.3 – Data Obtained from Local Authority

	No
	Local authority
	Land use data
	Remarks

	1.
	Majlis Perbandaran Ampang Jaya
	Digital

Level 3
	OK

	2.
	Majlis Perbandaran Subang Jaya
	Digital

Level 2
	Many lots are without land use

	3.
	Majlis Perbandaran Selayang
	Digital

Level 1
	Land use zone only.

No cadastal level

Non standard coordinate

	4.
	Majlis Perbandaran Kelang
	Hardcopy

Level 2
	Lot data is in digital

	5.
	Majlis Perbandaran Kajang
	Digital

Level 3
	OK

	6.
	Majlis Bandaraya Shah Alam
	Digital

Level 2
	Many lots are without land use

	7.
	Dewan Bandaraya Kuala Lumpur
	Digital

Level 3
	Non standard coordinate

	8.
	Majlis Perbandaran Petaling Jaya
	None
	Data not made available


6.5.5 
Some of the data obtained was not readily usable due to the following :
a. Incompatible coordinate system

b. non standardized land use classification

c. spatial information provided was inaccurate

6.5.6 The general flow of processes for GIS analysis at this stage of the project is depicted in Fig. 6.9. With a fix buffer of 400 meters on each side of the proposed rail alignment, analysis carried out included :
a. linear distance of propose rail network passing

i. developed area (commercial, industrial, institutional and high density residential zone)

ii. environmental sensitive areas
iii. private land affected
iv. extend of residential areas being divided 
b. the number of affected institution

i. school, hospital and residential within 50m, 100m and 150m.

ii. strategic centers

iii. shopping complex

iv. tourist attractions

c. area of

i. affected low cost housing zone

ii. affected education area

d. numbers/ amount 

i. affected population

ii. gross floor area within 0.5 km radius
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Figure 6.9 :  GIS Work Flow

6.5.7 
In terms of Spatial Analysis, the following Table 6.4 shows the comparison between the three options.
Table 6.4 – Details of Rail Transit Options

	No.
	Description
	Rail Option 

	
	
	Existing
	1


	2


	3



	1. 
	Length of Network (km)
	182
	261.6
	252.4
	269.9

	2. 
	Total no. of Transit Stations
	96
	296
	290
	286

	3. 
	Total no. of multi Modal Transit Stations
	5
	5
	5
	7

	4. 
	Total Area of Coverage 

(as % of built up area)
	48%
	81%
	80%
	75%


6.5.8 It can be seen that although the all three options have about the same number of transit stations, the spatial coverage is not the same. The same can be said on the number of Multi Modal Transit Stations.

6.5.9 In terms of length of coverage, all the networks are about the same length, but however the area of coverage ranges between 75% and 81%. The following Figures 6.10, 6.11 and 6.12 show the spatial coverage of the networks with the indicative transit stations.
6.5.10 In addition to spatial coverage, linkages to the existing and future Urban Centres are an important and integral part of a Rail Transit Network. This is shown in Figures 6.13, 6.14 and 6.15.
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Source: Consultant Team

Fig. 6.10 - Rail Transit Network Option 1 : Coverage and Stations
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Source: Consultant Team

Fig. 6.11 - Rail Transit Network Option 2 : Coverage and Stations
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Source: Consultant Team

Fig. 6.12 - Rail Transit Network Option 3 : Coverage and Stations
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Source: Consultant Team

Fig. 6.13 - Rail Transit Network Option 1 : Linkage to Urban Centres
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Source: Consultant Team

Fig. 6.14 - Rail Transit Network Option 2 : Linkage to Urban Centres
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Source: Consultant Team

Fig. 6.15 - Rail Transit Network Option 3 : Linkage to Urban Centres

6.5.11 One of the main tasks in this study was to develop a Public Transport model that will assess the impact of the travel demand as a result in the change in land-use scenario and proposed new rail corridors in the study area. Due to the complex interactions between landuse developments, socio-economic parameters, travel demand, and proposed new rail corridors, the assessment of future demands can only be realistically evaluated for the regional area through the use of a computerised transport model.
a) The conventional four-stage transport model was developed for the travel demand forecasting incorporating all the necessary elements such road and rail networks, socio-economic parameters and the existing travel pattern. For the purpose of this travel demand forecasting, the 1997-year trip matrix that was developed in the SMURT-KL Study was updated and refined to reflect the prevailing socio-economic conditions in the Study Area.

b) The Study Area was subdivided into traffic zones that are small enough to capture significant aspects of transport trip characteristics. Data was also be cross-checked at the sector levels whereby a group of traffic zones will be amalgamate to form a specified sector equivalent to a district. The traffic zoning system adopted for the Study area follows the SMURT-KL zoning. Cross-referencing and updating of the SMURT-KL transport model was more easily accomplished. Fig. 6.16 shows the adopted Planning zonal system for the Klang Valley Public Transport Model. These zones would be further divided into smaller traffic zones, corresponding to SMURT-KL Study.

c) The first step in the modelling process was to prepare a transport network that is represented by links and connected to zones. The 2003 transport model will consist of a highway and a public transport network for all federal and state roads within the study area including the relevant local roads.  Each link in the network is defined in terms of its distance and road classification based upon the GIS information and as well as from the visual appraisal.
d) The network defines the infrastructure, i.e. roads, railway lines, etc., on which the private vehicles and public transport services can run. The link speeds that are obtained from the Highway model will be used as the input for the Public Transport model. In addition, the transit and walk links will be added to the Public Transport model to describe links specifically associated for the public transport facilities. 

e) The next step is to define the Public Transport system and services that are being modelled. The Public Transport system information defines attributes pertaining to the system as a whole: modes, companies, fare structures, passenger and vehicle arrival profiles, crowding curves etc. 
f) Service or line specific data describes each service operating within the system, in terms of its mode, company, route and service type, node list, capacity and fare information, time/speed adjustment factors etc.
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Fig. 6.16 – Planning Zones on which Traffic Zones have been Developed

6.5.12 Validation of Existing Travel Demand
The Origin-Destination (OD) matrix in the Traffic Model was initially developed in the SMURT-KL study in 1997. The assumptions in the traffic demand forecasting made in the JICA Study were reviewed to produce an updated demand matrix. This task involved a re-examination of the land use plans and the socio-economic frameworks i.e; Population, GDP/GRP, employment and the vehicle ownership. 
In order to achieve reasonable accuracy in the traffic demand forecasting, a comparative analysis between the observed and the forecast volume at the screenlines will be undertaken for both vehicle and bus passenger counts for the base year 2003. The procedure for the calibration and validation of the demand matrix is shown in Fig. 6.17.
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Fig. 6.17 – Transport Modelling Process

6.5.13 
Forecast of Future Travel Demand
Once the model validation has been performed, the transport model is deemed to be able to replicate the actual existing traffic conditions on site.  The model can then be used to model the future traffic conditions. For future years modelling, the future year traffic demand will be ascertained by incorporating an annual traffic growth to the 2003 trip matrix. The future traffic growth is a function of demographic and socio-economic parameters such as population, employment, household income and vehicle ownership. Once this has been done, the assignment will be undertaken for the year 2008, 2013 and 2023.
6.5.14 Station Location / Alignment
In association with engineering consultants, the alignment and station locations will be examined to enhance the ridership/revenue and/or reduce the construction cost. Other issues such as socio economic, environmental and multi – criteria evaluation of alternative rail routes, will also be considered in the analysis.

6.5.15 Identification of Feeder Bus Routes
A network of feeder bus services will be identified for the purposes of enhancing the accessibility of rail.  The effects on ridership and revenues with and without the feeder buses will be examined.  Broad estimates of bus requirements will be derived, but no detailed bus studies would be undertaken.

6.5.16 Ridership
The study will evaluate the forecast ridership of the rail system based on the traffic model described above.  This will include the following aspects:-

· Daily ridership for the study period;

6.5.17 The output from the Public Transport model is summarized in the following Table 6.5.
6.5.18 The key aspects of the analysis are that currently, the public to private modal split is about 11:89, which is a significant deterioration from the 20:80 recorded in the SMURT Study by JICA in 1998. The typical travel time from Klang to KL by private transport will increase from 56 minutes to 135 minutes, while travel on Public Transport will only increase from 36 minutes to 48 minutes. Private travel will increase significantly from the current 62 million veh-km to 150 million veh-km. Fig. 6.18 shows the overall person trip demand for year 2020.

6.5.19 It is also very clear that both the public and private transportation situation will continue to decline if the situation is not addressed.

6.5.20 In looking at the performance of the various options, it is important to note that all three options show an improvement over the do nothing scenario. In particular looking at the total veh-hr, it is very evident that this drops from 131 million veh-hr to as low as 34 million veh-hr on Option 1. This merely means that travel time on the network by private transport would significantly improve over the Do-Nothing scenario.

6.5.21 On closer examination this improvement in private transport travel varies from corridor to corridor. The Gombak corridor shows some improvement while the Klang to KL corridor although showing improvements, but still clearly in the unacceptable range. Option 1 shows the most overall improvement over the other two options in this form of travel.

6.5.22 In terms of total travel on the network, Option 1 shows the lowest travel (veh-km) in terms of Private transport. This clearly means it is able to achieve the greatest shift from Private to Public Transport. Another interpretation of this would be that it must by default be providing the most amount of rail network coverage to achieve this. Cross referencing this with travel on the rail network, it is noted this again is highest in Option 1, again indicating that the coverage must be contributing to this high level of possenger travel.

6.5.23 Overall, in comparing Options 1 and 2, there is only a marginal difference between them. The Rail Transit Networks of Options 1 and 2 would be clearly closer to meeting the travel demands of the future in the Klang Valley.

6.5.24 Option 1 clearly stands out as the best performing between the three networks, but it is still not able to achieve the 50:50 modal split. This could be interpreted to mean that although the rail transit network coverage is good, it would either need to increase FURTHER to meet the 50:50 modal split particularly in the intra-urban areas or the role of stage buses would need to be improved to provide this aspect of coverage. The following Figures 6.19 to 6.22 show the projected passenger ridership on the Rail Transit Networks.

Table 6.5 - Public Transport Modelling Output

	No.
	Description
	Output

	
	
	Existing
	Do nothing 
	Option 1 
	Option 2


	Option 3 

	
	
	Year

	
	
	2003
	2020
	2020
	2020
	2020

	1. 
	Mode Split
	11:89
	25:75
	34:66
	31:69
	27:73

	2. 
	Bus/Rail Split
	43:57
	30:70
	19:81
	21:79
	27:73

	3. 
	Average Private Travel Time in Minutes
	 
	
	
	
	

	
	
	Klang- KL
	56
	135
	105
	116
	137

	
	
	Puchong - KL
	36
	51
	40
	42
	48

	
	
	Gombak - KL
	27
	56
	46
	48
	56

	4. 
	Average V/C Ratio on Highway Network
	0.86
	1.25
	0.9
	0.92
	0.99

	5. 
	Average Public Travel Time in Minutes
	
	
	
	
	

	
	
	Klang- KL
	36
	48
	48
	47
	48

	
	
	Puchong - KL
	45
	65
	37
	38
	44

	
	
	Gombak - KL
	35
	65
	46
	48
	55

	6. 
	Private
	
	
	
	
	
	

	
	
	veh-km
	61,989,728
	149,821,447
	81,589,493
	85,865,535
	91,265,955

	
	
	veh-hr
	23,036,837
	131,832,120
	34,822,176
	39,154,135
	44,188,306

	7. 
	Public
	
	
	 
	
	
	

	8. 
	Bus
	Pax-km
	1,330,614
	4,047,669
	3,901,625
	3,961,508
	4,712,397

	
	
	Pax-hr
	489,263
	2,429,841
	1,196,710
	1,281,435
	1,571,338

	9. 
	Rail
	Pax-km
	2,942,618
	6,454,000
	21,913,227
	19,562,971
	19,303,142

	
	 
	Pax-hr
	369,812
	1,094,725
	2,700,171
	2,415,155
	2,332,498
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Fig. 6.18 -  Person Trip Demand for Year 2020

[image: image19.wmf]P

 

U

 

T

 

R

 

A

 

J

 

A

 

Y

 

A

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

#

Y

K

u

a

l

a

 

L

u

m

p

u

r

H

u

l

u

 

L

a

n

g

a

t

P

e

t

a

l

i

n

g

G

o

m

b

a

k

K

e

l

a

n

g

B

r

o

g

a

S

i

m

p

a

n

g

 

S

.

 

C

h

o

h

R

a

w

a

n

g

K

a

p

a

r

K

l

a

n

g

S

h

a

h

 

A

l

a

m

S

e

r

i

 

K

e

m

b

a

n

g

a

n

B

u

k

i

t

 

J

a

l

i

l

C

h

e

r

a

s

K

a

j

a

n

g

P

e

t

a

l

i

n

g

 

J

a

y

a

P

u

c

h

o

n

g

 

B

a

t

u

 

D

u

a

 

B

e

l

a

s

A

m

p

a

n

g

B

a

t

u

 

1

4

 

H

u

l

u

 

L

a

n

g

a

t

S

.

 

B

u

l

o

h

K

g

 

D

a

t

u

k

 

K

e

r

a

m

a

t

B

a

n

d

a

r

 

T

u

n

 

R

a

z

a

k

S

a

l

a

k

 

S

e

l

a

t

a

n

K

u

a

n

g

S

e

l

a

y

a

n

g

 

B

a

h

a

r

u

K

u

a

l

a

 

L

u

m

p

u

r

B

a

t

u

 

S

e

m

b

i

l

a

n

S

u

b

a

n

g

 

J

a

y

a

B

a

n

d

a

r

 

B

a

r

u

 

B

a

n

g

i

T

a

m

a

n

 

S

e

g

a

r

T

a

m

a

n

 

M

a

l

u

r

i

B

u

k

i

t

 

I

n

d

a

h

P

e

l

a

b

u

h

a

n

 

K

l

a

n

g

M

e

r

u

B

a

n

g

s

a

r

D

a

m

a

n

s

a

r

a

S

r

i

 

H

a

r

t

a

m

a

s

M

a

n

j

a

l

a

r

a

B

u

k

i

t

 

S

u

b

a

n

g

S

r

i

 

U

t

a

r

a

G

o

m

b

a

k

W

a

n

g

s

a

 

M

a

j

u

P

a

n

d

a

n

 

I

n

d

a

h

S

e

m

e

n

y

i

h

N

2

0

2

4

6

K

i

l

o

m

e

t

e

r

s

E

x

i

s

t

i

n

g

 

R

o

a

d

D

i

s

t

r

i

c

t

 

B

o

u

n

d

a

r

y

T

o

w

n

#

Y

L

E

G

E

N

D

P

 

U

 

T

 

R

 

A

 

J

 

A

 

Y

 

A

0

 

-

 

4

,

9

9

9

5

,

0

0

0

 

-

 

9

,

9

9

9

1

0

,

0

0

0

 

-

 

1

4

,

9

9

9

1

5

,

0

0

0

 

-

 

1

9

,

9

9

9

2

0

,

0

0

0

 

-

 

2

9

,

9

9

9

3

0

,

0

0

0

 

-

 

3

9

,

9

9

9

A

b

o

v

e

 

4

0

,

0

0

0

D

a

i

l

y

 

R

a

i

l

 

P

a

s

s

e

n

g

e

r

 

F

l

o

w

s

D

A

I

L

Y

 

R

A

I

L

 

P

A

S

S

E

N

G

E

R

 

F

O

R

 

D

O

 

N

O

T

H

I

N

G

 

O

P

T

I

O

N

,

 

Y

E

A

R

 

2

0

2

0


Source: Consultant Team

Fig. 6.19 - Rail Transit Network Do Nothing Scenario : Passenger Travel Volumes
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Fig. 6.20 - Rail Transit Network Option 1 : Passenger Travel Volumes
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Fig. 6.21 - Rail Transit Network Option 2 : Passenger Travel Volumes
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Source: Consultant Team

Fig. 6.22 - Rail Transit Network Option 3 : Passenger Travel Volumes

6.5.25 The final analysis on the Rail Transit Networks was done on the basis of Sectoral Objectives. The identified sectors are Economic, Engineering, Environmental, Institutional and Social. The evaluation of Sectoral Objectives is undertaken using the Multi Criteria Decision Making (MCDM) method. The MCDM process is covered in greater detail in the Chapter 7 of this Report.

6.5.26 Economic Objectives have been measured by the Economic Internal Rate of Return (EIRR), Benefit Cost Ratio (B/C), Net Present Value (NPV) in RM and First Year Rate of Return (FYRR). Each of these measures a particular aspect of Economic Evaluation in which the World Bank has set the benchmark of 12% in terms of returns on investment, b/c ratio greater than or equal to 1, NPV which is positive RM and FYRR which equals or exceeds 12% for Public projects. This merely means that the World Bank would only lend on projects which meet and/or exceed this requirement

6.5.27 In determining the benefits, it must emphasized that only time savings and travel distance savings have been quantified. In addition, a nominal benefit in terms of accident savings and an increase in tourists has been assumed. Operations and Maintenance has also been assumed to make a nominal profit.

6.5.28 The performance of all three options indicates that construction of Rail Transit Network for the Klang Valley is economically feasible, as all three options equal to or exceed the minimum requirements set out by the World Bank. In other words, all three networks would qualify for World Bank funding.

6.5.29 In comparing the performance of the three networks, Option 1 performs the best in Terms of EIRR (15.2%), b/c ratio (3.4) and Net Present Value (RM 600 million). However in terms of First Year Rate of Return, Option 2 (19.7%) yields marginally higher results. Both results indicate that implementation is overdue.

6.5.30 In terms of Construction Cost, it was ascertained that the length of rail through existing built up areas would be costed at RM 100 million per km which includes the cost of rolling stock. Areas which were relatively green field sites, were costed at RM 36 million per km.

6.5.31 The Rail Transit Networks are expected to cost between RM 17 and RM 19 billion to construct and operate. Option 3 is the cheapest network to construct, while Option 1 is the most expensive. The operations and maintenance costs range between RM 275 million and RM 284 million. Option 3 is the cheapest to operate while Option 1 is the most expensive. The main determinant is the length of the network. The following Table 6.6 shows the detailed criteria and values that have been derived for the Economic and Engineering Objectives.


Table 6.6 – Economic and Engineering Objectives

	No.
	Objectives
	Option

	
	
	1
	2
	3

	1.0
	Economic Objective
	
	
	

	1.1
	Maximise Feasible Economic Returns
	
	
	

	
	
	Benefit / Cost Ratio
	3.4
	3.2
	3.3

	
	
	First Year Rate of Return
	17.9
	19.7
	19.2

	
	
	Internal Rate of Return 
	15.2
	13.6
	14.0

	
	
	Net Present Value (RM Million)
	600
	300
	300

	1.2
	Total Cost
	
	
	

	
	
	Construction Cost (RM Million)
	19,292
	19,128
	17,902

	
	
	Operation and Maintenance Costs (RM Million)
	274.7
	265.1
	283.4

	
	
	
	
	

	2.0
	Engineering Objective
	
	
	

	
	Length in km
	261.6
	252.4
	269.9

	2.1
	Efficiency
	
	
	

	
	
	Minimise number of transfer stations
	11
	13
	17

	
	
	Faster (Less passenger hours-million)
	3,897
	3,697
	3,904

	
	
	Less distance traveled 
(Less passenger km-million)
	25,815
	23,524
	24,016

	
	
	
	
	
	

	2.2
	Distance through Problematic Areas 
	
	
	

	
	
	High density built up areas (km)
	154.3
	156.9
	127.9

	
	
	Commercial areas (km)
	11.3
	11.8
	7.6

	
	
	Industrial areas (km)
	25.0
	25.5
	20.2

	
	
	Institutional areas (km)
	15.5
	13.7
	8.9


6.5.32 Engineering Objectives were grouped into two components; efficiency and constructability (distance passing through problematic areas). Option 1 had a total length of 261.6 km, while Option 2 was 252.4 km. Option 3 was the longest at 269.9 km. Option 1 had the least number of transfer stations, while Option 2 was faster to move through and Option 3 had the least travel distance on the network. In terms of constructability, Option 3 was the least problematic Rail Transit Network, as it was mostly traversing through forest areas. Table 6.6 shows the detailed criteria and values obtained for Engineering Objective.

6.5.33 Environmental objectives were in four parts; minimal energy consumption, minimal emission levels, minimal intrusion into environmentally sensitive areas and minimal noise impacts. In terms of energy consumption, the length of the network was the major determinant. In this Option 2 was the least energy consumer, while Option 3 was the most.

6.5.34 Emission levels were determined indirectly through the impact on private vehicles. The lesser the private vehicles traveling on the road network, the lesser the emission levels of Carbon Monoxide, Nitrous Oxide and Particulates. Option1 had the least veh-km and thus had the minimum emission levels of these pollutants. Table 6.7 shows the detailed criteria and values obtained for Environmental Objective.

6.5.35 Intrusion into environmentally sensitive areas was measured through the length of linear exposure into these areas. Option 2 scored the best for minimal exposure into conservation areas, forest reserves, historic areas and water catchment areas.

6.5.36 Noise impact was measured by defining buffer zones of 50m, 100m and 150m and the number of hospitals, schools and residential area exposed to rail noise. 

6.5.37 Option 3 had the least number of schools, hospitals and residential area exposed to noise.




Table 6.7 – Environmental Objectives

	No.
	Objectives
	Option

	
	
	1
	2
	3

	1.0
	Environmental Objective
	
	
	

	1.1
	Minimise Energy Consumption in the network
	
	
	

	
	
	Consumption of Power
	845
	815
	871

	
	
	
	
	

	1.2
	Minimise emission levels of pollutants (tonnnes per day)
	
	
	

	
	
	CO emission
	211.5
	222.6
	236.5

	
	
	NOx emission
	70.6
	74.3
	78.9

	
	
	Particulates emission
	0.30
	0.31
	0.33

	
	
	
	
	

	1.3
	Minimise intrusion into environmentally areas
	
	
	

	
	
	Minimise intrusion into conservation areas
	40.0
	37.1
	79.2

	
	
	Minimise intrusion into forest reserve areas
	15.3
	11.1
	46.6

	
	
	Minimise intrusion into historic areas
	3
	0
	2

	
	
	Minimise intrusion into water catchment areas
	0
	0
	3.6

	
	
	
	
	

	1.4
	Minimise noise impact
	
	
	

	
	
	Distance to hospitals
	
	
	

	
	
	No. of hospitals within 50m buffer
	10
	10
	3

	
	
	No. of hospitals within 100m buffer
	3
	2
	0

	
	
	No. of hospitals within 150m buffer
	5
	3
	1

	
	
	
	
	
	

	
	
	Distance to residential areas
	
	
	

	
	
	Residential areas within 50m buffer
	1,019
	1,054
	906

	
	
	Residential areas within 100m buffer
	1,000
	1,048
	891

	
	
	Residential areas within 150m buffer
	994
	1048
	891

	
	
	
	
	
	

	
	
	Distance to schools
	
	
	

	
	
	No. of schools within 50m buffer
	20
	23
	18

	
	
	No. of schools within 100m buffer
	22
	24
	5

	
	
	No. of schools within 150m buffer
	19
	19
	12


6.5.38 
Institutional objectives were in four parts; linkages to outer Klang Valley, linkages to strategic growth centres, connectivity to existing public transport and minimizing private land acquisition.

6.5.39 Option 1 had the most number of linkages to strategic growth centres and areas outside the Klang Valley. In terms of connectivity, Option 1 and 3 were on par while Option 2 had the minimum amount of private land acquisition.

6.5.40 Table 6.8 shows the detailed criteria and values obtained for Institutional Objective.

Table 6.8 – Institutional Objective

	No.
	Objectives
	Option

	
	
	1
	2
	3

	1.0
	Institutional Objective
	
	
	

	1.1
	Facilitate linkages to centres in Outer Klang Valley
	
	
	

	
	
	No. of Centres within 400m distance
	12
	12
	5

	
	
	
	
	

	1.2
	Maximise connectivity to existing public transport system
	
	
	

	
	
	No. of connections to existing public transport system
	25
	26
	25

	
	
	
	
	

	1.3
	Maximise linkage to strategic growth centres
	
	
	

	
	
	No. of strategic centres linked to the network
	3
	1
	3

	
	
	
	
	

	1.4
	Minimise land acquisition
	
	
	

	
	
	Area of private land affected by the route (m2)
	234.4
	226.3
	227.1


6.5.41 
Social objectives were in three parts; increase mobility, minimize disruption to neighbourhood communities, and maximize linkage to major employment centers.

6.5.42 Option 1 scored the most in terms of providing increased mobility and maximizing linkages to employment centres. Option 2 disrupted neighbourhoods the least. 

6.5.43 Table 6.9 shows the detailed criteria and values obtained for Social Objective.

Table 6.9 – Social Objective

	No.
	Objectives
	Option

	
	
	1
	2
	3

	1.0
	Social Objective
	
	
	

	1.1
	Increase mobility
	
	
	

	
	
	Maximise access distance to shopping areas
	
	
	

	
	
	Number of shopping complexes within 400m buffer (m2)
	14
	9
	9

	
	
	Education Institutions
	
	
	

	
	
	Education areas within 400m buffer (million m2)
	5.457
	4.244
	1.544

	
	
	Serve high density areas
	
	
	

	
	
	Population served within 400m buffer (‘000)
	747
	735
	613

	
	
	Provide access to disadvantaged areas
	
	
	

	
	
	Low cost housing areas within 400m buffer (million m2)
	59.221
	61.401
	51.904

	
	
	Increase access to tourism areas
	
	
	

	
	
	Number of attractions within 400m buffer
	4
	1
	1

	
	
	
	
	

	1.2
	Minimise disruption to neighbourhood communities
	
	
	

	
	
	Extent of residential areas divided by rail corridor (km)
	107.1
	110.6
	91.1

	
	
	
	
	

	1.3
	Maximise linkage to major employment centers within 0.5 km radius
	
	
	

	
	
	Amount of gross floor area in 0.5 km radius (million m2)
	22.188
	20.611
	19,340

	
	
	
	
	




6.6 Summary of Key Features of Rail Transit Networks

6.6.1 The Rail Transit Options for the Klang Valley have various characteristics and features with its own strength and weaknesses.

6.6.2 In terms of spatial coverage, Options 1 and 2 perform very closely with coverage in the built up area of the order of 80%.

6.6.3 The transport model output also indicates that Options 1 and 2 perform very well and very closely in terms improvements over the Do Nothing scenario.

6.6.4 However, the Rail coverage in the all options does not achieve the 50:50 modal split. This merely means that Intra-Urban passenger movement in the other cities and local centres should be augmented with Stage/Feeder buses. In addition, increasing the cost of travel by car, such as an increase in the cost of parking, introduction of road pricing, reduction in parking allocation in the KL could incrementally improve the modal shift.

6.6.5 Sectoral analysis indicates that the various Options perform very distinctly from each other. 

6.6.6 In the Economic sector, all the three options are economically viable, with Economic Internal Rate of Return in excess of 12%. All other indicators uphold the Economic value of implementing the Rail Transit Networks under consideration.

6.6.7 The Engineering and Environmental sector indicate that Options 1 and 2 perform very closely to each other. This is mainly due to the length of the network which influences the citeria.

6.6.8 In the Institutional sector, all three options rate about equal to each other.

6.6.9 The Social sector indicates that Options 1 and 2 rank closely in performance.

6.6.10 In conclusion, Options 1 and 2 are the preferred Options for implementation as the preferred Rail Transit Networks for the Klang Valley.

6.6.11 The Multi Criteria Decision Making (MCDM) process follows on from the Rail based Public Transport Development Strategy. The MCDM in the subsequent Chapter 7, identifies the preferred Rail Transit Network for the Klang Valley.






















































































































































































