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Executive Summary

1. Background

Bangalore Metro Rail Corporation Limited (BMRCL) has determined to undertake Alternatives
Analysis for Phase 2A Metro Corridor to evaluate alternate transit modes available and
identify the best option among alternative routes and alternative transport modes which
matches the demand projections over the project life cycle and has least cost. BMRCL has
awarded the consultancy work to Infrastructure Development Corporation (Karnataka) Ltd.
(iDeCK).

Alternatives analysis is about finding best alternative to address the transportation related
problems for specific corridors or areas of a City. Detailed appraisal guidelines for mass
transport project proposals have been laid down by Ministry of Housing and Urban Affairs
(MoHUA), Government of India, 2017.

The guideline enables to identify the system having maximum utility and satisfy basic criteria.
The Alternative Analysis for Phase 2A Corridor has been conducted in the following stages:
Stage 1: Develop screening criteria for the identified options
Stage 2: Evaluation parameters
Stage 3: Evaluation of Alternatives

Stage 4: Implementation Options for the most preferred alternative

2. Need for Proposed Project

The city has a radial road pattern and the Bangalore Development Authority (BDA) had
developed the Outer Ring Road (ORR) in 2002 in a bid to divert the heavy traffic load to ease
the traffic situation in the city. ORR has eventually evolved as the most attractive IT growth

corridors of Bangalore.

Currently, with around 4.5 Lakh employees working on this corridor, it is estimated that in the
next 4 years, an additional 30 Million Sft. would be available for occupancy which in turn
projects a total of 8 lakhs working population by 2021. With immense growth in intra-city
trafficc, ORR is under tremendous pressure with high congestion index manifested in low
speeds and high travel times. With rapid urbanization, in most of the stretches of ORR, the

existing traffic volumes are far higher than the intended design of 5400 PCU's.

As part of the mobility plan the corridor between Central Silk Board and K R Puram has been
identified to provide suitable mass transit system integrating with the existing bus
transportation system. There is an urgent requirement to provide mass transport facilities to

reduce congestion and environmental deterioration.

Therefore, based on the above analysis it is extremely necessary that the ORR between KR
Puram and Silk Board should get connected through the metro line. This line would not only

offer the highest return but would also come at the least marginal cost.

i DS K
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A comparative analysis of alternate modes shall be an essential requirement for the transit

mode selection. The mode which matches the demand projections over the project life cycle

and has least cost should be chosen.

3. Study Area

The study area for the project includes the
Bangalore Metropolitan Area (BMA area)
i.e. 1294 Sqg.km. (including part BMICAPA
area — 79.14 Sg.km.) and adjoining areas
Airport
Area Planning Authority (BIAAPA) (Jala and

around Bangalore International

Kasba hoblis) measuring 227.85 Sq. km.
Adjoining BIAAPA area has been including
in the study area as public transport
corridors  are

connecting  Bangalore

International Airport and some of the

localities where proposed development has
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been listed out in BIAAPA Master Plan. Horizon year
for the study is 2041.

4. Proposed Corridor

Study

Area

The corridor is part of the outer ring road of Bangalore from Central Silk Board to KR Puram
which has witnessed a tremendous spurt of IT activity. The total length off this corridor is 17

km.
Study Area for Central Silk Board to KR Puram Corridor
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5. Primary Public Transport Network as Proposed by CMP

The CMP has proposed the overall public transport network of 803 km length within BMA i.
e., metro, suburban rail, priority bus corridors, BRTS or Metrolite in addition to augmentation
of public bus transport services. The proposed corridor from Central Silk Board to KR Puram is

also recommended in the CMP.,

Public Transport Network proposed by CMP

LEGEND

BMA

BIAAPA (PART)
STUDY AREA
OUTER RING ROAD
NICE ROAD

METRO CORRIDORS

DEDICATED SUBUREBAN
LINE

SHARED IR/SUBURBAN
LINE

BRTS / METROLITE

PROPOSED PERIPHERAL
RING ROAD (PRR)

PRIORITY BUS CORRIDOR
INNER RING METRO (UG)
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6. Public Transit System Alternatives

The mass transport systems in cities/ urban agglomeration can be broadly classified into the

following categories:

Metro Rail System

1. City Bus System

2. Bus Rapid Transit System (BRTS)
3. Mono Rail

4. Metro Lite

5.

6.

Heavy Metro

Choice of a particular Mass Transit System will depend on a variety of factors like demand,
capacity, expandability, cost and ease of implementation. The travel demand, cost and ease
of implementations being the most important parameter in the choice of system/alternative

for consideration.

7. Peak Hour Peak Direction Traffic

The ridership prediction on this corridor for the cardinal years suggests that a Metro or a
Heavy Metro is the most suitable alternatives to cater to the estimated travel demand. Other
systems as, BRT, Mono Rail or Metro Lite do not cater to the passenger demand expected on

this corridor and hence not considered for further analysis.

Peak Hour Peak Direction Traffic (PHPDT)

Mono Metro
Year PHPDT | BRT . . Metro | Heavy Metro
rail Lite
Carrying Capacity 8000 | 15000 15000 40000 60000
2024 19573 | Fail Fail Fail 49% 33%
2031 26023 | Fail Fail Fail 65% 43%
2041 33709 | Fail Fail Fail 84% 56%

8. Screening Criteria for the identified Alternative Options

Screening of alternative modes needs to be done to shortlist most viable alternatives for

Phase 2 mass transit corridors in the Study Area. The screening parameters for alternatives

i DS K
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evaluation are considered with regard to mobility improvements, engineering feasibility,

environmental benefits, cost effectiveness, operating efficiencies and economic effects.

Available transportation modes have been screened initially such as need to serve the travel
demand, constructability, cost and right of way etc. to shortlist the modes and in a
quantitative and detailed way among the shortlisted alternatives such as estimation of traffic
figures, civil engineering effects, capital, operation & maintenance cost etc. to result in the

most viable alternative for the Phase 2 corridors.

Five alternative mass transit systems catering to the needs of a city have been considered for
the initial screening stage with the set of identified qualitative parameters:

i. Bus Rapid Transit System

ii. Mono Rail

iii. Metro Lite (elevated)

iv. Metro Rail System

v. Heavy Metro System

The preliminary observation and screening identifies that the traffic demand in this corridor is
for a higher capacity mass transit system. However, detailed evaluation has been conducted
for the above alternate systems considered to identify the most appropriate system for

implementation.

9. Evaluation Parameters

The evaluation has been carried out over the following key parameters that help in selection
of the most suitable system for the corridor:

1. Mobility Effects
i Travel Demand Forecasting

2. Conceptual Engineering Effect

I Available Right-of-Way (Land Acquisition)

. Alignment Design and Constructability
i, Geotechnical Characteristics and Civil Structures:
iv. Station Planning and Intermodal Integration:

V. Requirement for Utility Shifting

3. System Effects
i.  Interoperability with Phase-1 System

i DS K
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fii. Rolling Stock Requirement
iii.  Land for Maintenance Depot
iv. Indigenous Availability
4. Environmental Effects
i. Air & Noise Pollution
5. Social Effects
. Structures/Persons Affected
6. Cost Effectiveness & Affordability
. Capital Cost per Passenger KM
ii.  O&M Cost per Passenger KM
7. Financial and Economic Effects
1. Economic Returns
il. Life Cycle Cost
8. Approval & Implementation
I Time Required for Approvals

i, Ease of Implementation

The identified parameters along with the overall weightages assigned to various parameters
for evaluation have been summarized in Table below.

Parameters Identified for Evaluation

S.N. Criterion Objectives Weightage

e Serve the maximum peak travel demand

e Minimize congestion and reduce reliance on automobile

- e Provide convenient accessibility and improve
1 Mobility Effects interchange facilities 20

e Increase public transportation ridership and
mode share

e Provide higher modal utilization

e Utilization of available of existing right of way
Conceptual Civil | e  Suitability of Geometric parameters

2 Engineering
Effect

e Assess constructability of alternative mode 10

e Possible extent of land acquisition considering right of
way, civil structures and stations

e Provide better safety and comfort

3 System Effects | o  Ability to carry more passengers 15
e Indigenous availability of rolling stock

i DS K
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e Preserve the natural environment
Environmental e Reduce pollution from shifting of vehicles from private
4 Effects to public modes of transport 10
e Protect and enhance cultural heritage,
landmarks and archaeological monuments
5 Social Effects | e Impact on existing structures and families 10
Cost e Provide quality, affordable public transport service with
6 Effectiveness an optimum investment cost 15
&Affordability | e Consumption of minimum possible maintenance costs
e Provision of a public transport system that would be
7 Financial and longstanding and has a higher life cycle cost 15
Economic Effects| e  Provision of economic friendly transport system with
higher economic benefits to the society
Approvals and e Time taken for approval of system
8 Implementation | ® Ease of implementing the proposed and approved 5
system
TOTAL 100
10. Alternatives Evaluation
Summary of Evaluation of alternatives considered are as below:
Evaluation of Alternatives
Sl. Criteria Weightage | BRT | Monorail | Metro | Metro | Heavy
No. Lite | System | Metro
1 Mobility Aspect 20 5.9 11.6 7.6 20.0 20.0
2 Engineering Aspect 10 7.9 6.3 6.9 8.4 6.5
3 System Aspects 15 5.3 2.2 1.5 15.0 12.5
4 Environmental 10 7.0 7.8 7.8 10.0 10.0
Aspects
5 Social Impact 10 6.2 3.3 7.2 5.6 5.0
6 Cost  Effectiveness 15 14.6 8.9 9.3 15 13.0
and Affordability
7 Economic Aspects 15 15.0 8.9 9.1 9.0 7.5
8 Implementation 5 4.5 4.5 4.5 4.5 4.0
Total Score 100 66.4 53.5 53.9 87.5 78.5
It can be seen that the Metro which can cater to the estimated travel demand, offers
flexibility to expand and interoperability would be the most suitable option for this corridor.
| U K
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11. Implementation Options for Viable Alternative

Based on both qualitative and quantitative screening carried out in previous chapters, Metro
Rail System has emerged as the most viable alternative mass transit system for the proposed

corridor connecting Silk Board to K R Puram.

As per New Metro Rail Policy 2017, it is essential to explore private participation either for
complete provisioning of metro or for some unbundled components such as Automatic Fare
Collection System. As per Metro Rail Policy, implementation options need to be explored for

seeking Central Financial Assistance (CFA).

The various options for central financial assistance for metro projects as detailed in the Metro
Rail Policy are:
i. Public Private Partnership (PPP)

ii. Grant by the Central Government

iii. Equity Sharing Model

12. Project Cost Estimate

The estimated project cost for the implementation of the Metro corridor along the proposed

Silk Board to K R Puram corridor is as below.

Capital Cost of the Project-Phase 2A

Sl. No Major Cost Head Cost (INR Cr.)

1 Civil Works 1765.33
2 Rolling Stock 768.00
3 Systems and telecommunications 656.72
4 Miscellaneous incl. contingency 153.80
5 Land 559.10
6 Taxes 432.52
7 Others including escalation and IDC 1111.25

Total Cost 5446.73

i DS K
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The project is expected to be completed and become operational by 2024. The O&M

expenses are estimated to be about 155 Cr in the year 2024, the first year of operation.

13. Means of Finance

The funding plan for the proposed project is as below;

Funding Pattern (Equity Sharing Model) for Phase 2A

Amount o
Sources oE S(h/;rzf)
Gol - Equity 660.06 12.1%
Gol - Sub-debt 108.13 2.0%
GOI Share sub total (1) 768.19 14.1%
GoK - Equity 660.06 12.1%
GoK - Sub-debt 108.13 2.0%
GoK - Sub-debt ( Land Cost ) 559.10 10.3%
Subordinate debt (State Taxes) 216.26 4.0%
GoK Share sub total (2) 1,543.55 28.3%
Innovative Financing (3) 500.00 9.2%
Value Capture Finance (4) 100.00 1.8%
Senior Debt ( Sovereign /Non -Sovereign Loans) (5) 2,534.98 46.5%
Total Sources ( 1) to (5) 5,446.73 100.0%

The state Government need to fund an amount of Rs. 1,543.55 Cr as equity/sub-debt
towards this project. This amount includes an amount of Rs. 559.1 Cr towards land
acquisition &Rehabilitation & Resettlement and taxes of Rs. 216.3Cr.

i DS K
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1 Need of Study
1.1 Background

Bangalore, an early cosmopolitan city in the country and the capital city of Karnataka, is one
of the fastest growing cities in India. Bangalore City is more prominently known as the
‘Silicon Valley of India’ for spearheading the growth of Information and Communication
Technology (ICT) based industries. Bangalore has become a cosmopolitan city attracting
people and business alike, within India and internationally and has become a symbol of

India’s integration with the global economy.

Bangalore is the fifth largest metropolis in India, with a total population of 8.5 Million
(Bangalore Urban Agglomeration) as per Census 2011. Bangalore was the fastest-growing
Indian metropolis after Delhi between 1991 and 2001, with a growth rate of 38% during the
decade and now is the fastest growing metropolis between 2001 and 2011 with a growth rate
of 49.4%.

Development of IT/ITES industries, large public sector undertakings like BEL, BEML and HAL,
along with major hardware and garment industries has led to in-migration and rapid growth

of the city.

Bangalore, with its strong economic base, contributes about 36%' to Karnataka’s GSDP
(2016-17). Bangalore has the highest contribution in secondary and tertiary sector’s GSDP
due to high concentration of major industries and infrastructure facilities. The Metropolis
houses about 40% of urban population of Karnataka and has witnessed 49.4% growth in
population during the decade 2001-2011, thus playing the role of a primate city in the State.
In context of the State, the Population in the city of Bangalore accounts for nearly 14.6% of

the state’s population concentrated in only about 0.64% of the land area.

The number of registered vehicles has crossed 80 lakhs, an increase of 20 lakhs in the past 3
years. Various schemes to rid Bangalore of its traffic problems are being considered but these

are not being implemented in a coordinated manner.

The growing population, vehicle numbers and economic activities, have seriously aggravated
the traffic problems in Bangalore. The limited road space of Bangalore is not able to handle
the current traffic generated by the ever burgeoning population. Consequently, traffic in
Bangalore has become a scourge and is only worsening day by day. Network speeds are
dropping at an alarming rate as capacity of the Junctions and links have exceeded the limits.
These have contributed towards increasing traffic congestion, travel times and pollution

levels.

! Economic Survey of Karnataka 2018-19
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In view of this, in order to have a coordinated effort to improve mobility in the city,
development of high capacity mass transit network integrating various transport
infrastructure addressing the needs of various segments of population becomes critically

relevant.

1.2 Guidelines for Alternative Analysis

Alternatives analysis is about finding best alternative to address the transportation related
problems for specific corridors or areas of a City. Ministry of Housing and Urban Affairs
(MoHUA), Government of India, 2017, have laid down detailed appraisal guidelines for mass

transport project proposals.

The mandated framework in the policy is presented in Figure 1.1.

Preparation of CMP

If CMP exists and not older
than 5 years

Preparation of new CMP if

existing CMP is older than 5
years

Preparation of new CMP if
CMmP don’t exist

Get Approval from
UMTA/State Government

(Approved by State Government/ UMTA)

Other PT Modes

Decision by State
Government for next steps
Submission of DPR including Metro
Policy Checklist

Approval by UMTA/State Government Appraisal of DPR by
Independent Agencies

Get Approval from Central Government and
Funding under Metro Rail Policy, 2017

Figure 1-1: Policy Framework for Metro
The key objectives of conducting an alternative analysis report is mainly to:
v' Ensure that reasonable transportation alternatives are considered

v' Evaluate relative impacts of alternatives

v' Select the most preferred alternative

Page 1-2
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v Consider opinion of stakeholders

The proposed system shall be capable of meeting some of the important criteria as follows:

Meet the design traffic demand

Flexible and economic operation

Safe and comfortable

Punctual and reliable services

Provide intermodal integration with existing city network

Allow for future expansions in the city considering the future travel demand

Allow for future upgradation with improvement in technology

N N N N N TR

Cost considerations
Considering the above, the Alternative Analysis has been conducted in the following Stages:
Stage 1: Develop screening criteria for the identified options
Stage 2: Evaluation parameters
Stage 3: Evaluation of Alternatives
Stage 4: Implementation Options for the most preferred alternative
1.3 Overview of Study Area

The study area for the project is Bangalore City local planning area along with BIAPPA Areas
(2 Hoblis Jala and Kasba) on the broader perspective while the immediate study area shall be
the influence area of the proposed mass transit corridor connecting Central Silk Board and K
R Puram.

The study area includes the Bangalore Metropolitan Area (BMA area) i.e. 1294Sq.km.
(including part BMICAPA area — 79.14 Sq.km.) and adjoining areas (Jala and Kasba hoblis)
around Bangalore International Airport Area Planning Authority (BIAAPA) measuring227.85
Sq. km.

Adjoining BIAAPA area has been including in the study area as public transport corridors are
connecting Bangalore International Airport and some of the localities where proposed
development have been listed out in BIAAPA Master Plan. Horizon year for the study will be

2041. The study area is shown in

Figure 1-2.The immediate influence area of the proposed corridor is presented in Figure
1-3.

| DU K
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1.4 Regional Goals and Objectives

Apart from meeting the critical objective of connecting the Airport, the goals for the

development of this mass transit corridor shall match and be in line with the overall mobility

goals for Bangalore City seamlessly integrating into the planned Public Transport Grid.

To ensure sustainability in mobility, the following goals have been considered in the

Comprehensive Mobility Plan.

> Develop public transit system in conformity with the land use that is accessible, efficient

and effective.

> Ensure that the urban road structure is organized and suited to the land use.

> Increase mode share in favour of public transport

> Develop traffic and transport solutions that are economically and financially viable and

environmentally sustainable for efficient and effective movement of people and goods.
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Figure 1-2: Study Area
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1.5 Project Purpose

Rapid growth of population and its travel needs has laid severe stress on the urban transport
system. Lack of adequate public transport in the city has led to an explosive growth in private
modes leading to increase in network congestion. Limited opportunities for augmentation of
road infrastructure facilities have resulted in congestion which has affected bus operations
which has further fueled use of private modes resulting in drastic reduction of public

transportation share in the city.

Comprehensive mobility plan has been prepared, has laid emphasis on developing network of
mass transit system comprehensively covering the city. As part of the mobility plan the
corridor between Central Silk Board and K R Puram has been identified to provide suitable

mass transit system integrating with the existing bus transportation system.

At present, BMTC buses are the only modes of public transport for people to access this
corridor, which is proving to be inadequate in meeting the growing demands. Therefore,
there is an urgent requirement to provide mass transport facility to meet the travel demand
on this corridor. A well-planned mass transit system meeting the travel demand would be the

needed to ensure planned development of area in a sustainable manner.

Alternative analysis is required to identify best option among alternative options available to
address the travel demand. The alternative analysis for the public transit system for the
identified route is an essential component before the DPR is taken up. However, the
underlying fact is that the proposed system should meet the travel demand requirements as
assessed to ensure a sustainable mobility and targeted public transportation share.
Identification and implementation of most appropriate system would alleviate existing

transport woes.

1.6 Need for Proposed Project

The primary purpose of Alternate Analysis is to assess alternate options available and
evaluate the options to come up best suitable option for further detailed study and
preparation of Detailed Project Report. For this, Alternatives Analysis is required to identify
the best option among alternative transport modes to meet the assessed travel demand on

the study corridor.

Choice of a particular Mass Transit System will depend on a variety of factors like demand,
capacity, expandability, cost and ease of implementation. The travel demand, cost and ease
of implementations being the most important parameter in the choice of system/alternative

for consideration.

| DU K
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Figure 1-3: Study area for Central Silk Board to K R Puram Corridor
A comparative analysis of alternate modes is an essential requirement for the transit mode
selection. The city has a radial road pattern and the Bangalore Development Authority (BDA)
had developed the Outer Ring Road (ORR) in 2002 in a bid to divert the heavy traffic load to
ease the traffic situation in the city. ORR has eventually evolved as the most attractive IT

growth corridors of Bangalore.

Currently, with around 4.5 Lakh employees working on this corridor, it is estimated that in the
next 4 years, an additional 30 Million Sft. would be available for occupancy, which in turn
projects 8 lakhs working population by 2021. With immense growth in intra-city traffic, ORR
is under tremendous pressure with high congestion index manifested in low speeds and high
travel times. With rapid urbanization, in most of the stretches of ORR, the existing traffic

volumes are far higher than the intended design of 5400 PCU's.

Therefore, based on the above analysis it is extremely necessary that the ORR between KR
Puram and Silk Board should get connected through high capacity mass transit system.
Further, developing this corridor would provide vital link between two Metro lines (under

construction) at Silk Board and at K R Puram.

i S K

Page 1-6



PN AN P
haime

méito ¢f

Alternatives Analysis for Phase 2A Metro Corridor

2 Study Area and Existing Conditions

2.1 Study Area Description

Population of Bangalore Metropolitan Area has been growing at the rate of about 3% per annum
since independence as shown in Table 2.1. The BMA area, which had a population of about 17 Lakh
in 1971, reached 85 lakhs in 2011. Bangalore was one of the fastest-growing Indian metropolises for

the decade 1991-2011. It has an average density of about 148 people / hectare.

Table 2-1: Growth of Population in Bangalore Metropolitan Area

Year Population Decadal Annual
(Lakh) Growth (%) | Growth (%)

1971 16.64 37.88 3.26
1981 29.22 75.56 5.79
1991 41.37 41.60 3.54
2001 57.01 37.81 3.26
2011 85.20 49.44 4.10
2018* 122.98

Source: Census of India 2011, *Estimated

As per Census 2011 data, the literacy rate of BMA area is 89.56% which is higher than national urban
average of 85% and second highest for an Indian metropolis after Mumbai. The city's workforce
structure is predominantly non-agrarian with only 6% of workforce being engaged in agriculture-
related activities. Roughly, 10% of Bangalore's population lives in slums - a relatively low proportion

when compared to other cities in the developing world.

BIAAPA which has been considered in the planning for CMP has picked up pace in development in the
recent years. As on 2018, the estimated population in BIAPPA area is about 5.8 lakhs. The planning
area includes the Jala and Kasba where most of the development in the BIAAPA is existing. The

historical population in areas under BIAPPA is presented in Table 2.2.

Table 2-2: Population of BIAAPA

Sh.| veas | Populton | pecadel || armual
1 1991 3.28 - -
2 2001 4.05 19.01 2.13
3 2011 5.00 19.00 2.13
4 2018* 5.78 2.09

Source: Census of India, *Estimated — the population is for the whole of BIAAPA.

i DECK
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Today, the public transport mode share has seen a significant dip from 60% in the early 2000's to
48% today. There is rampant congestion on the street networks, speed studies on 275 kms of key
corridors carried out in 2008 showed an average speed of 18 KMPH which declined to 15 KMPH in
2011 and then to 11 kms per hour in 2015.

Bangalore’s population is slated to double by 2031 with population growing to 20.9 million as per the
estimates considered in the CMP. Transport forecasts of the do minimum estimates only spell doom
with almost all streets at overcapacity and network speeds dropping to 4 km per hour. Modal share
of public transport will decline further to low levels as operating buses in congested street networks
will turn unviable. The solution hence as per the Comprehensive Mobility Plan focus is on a
comprehensive mass transit network supported by other transport modes as bus (BMTC), para transit
modes as auto rickshaw, call taxi/ taxi aggregators etc. To support the ever increasing needs for
city transportation, Government in association with Ministry of Railways has planned for sub-urban
rail system and is being moved fast for the development and complementing the proposed mass
transit network in the city. In this aspect the present corridor is a critical component of the larger

transport network that is being considered to ease out mobility issues in the city.

2.2 Proposed Corridor

The corridor is part of the outer ring road of Bangalore, which has witnessed a tremendous spurt of
IT activity. It runs from Silk Board, where Metro Phase 1 Extension takes a southward bend towards
Electronics city, to KR Puram via Bellandur and Marathahalli. The total length of this corridor is
17 km.

The stretch from K.R. Puram to Silk board has IT companies and huge residential pockets along its
length and well spread on the connecting roads. The road infrastructure is a 3-lane divided dual

carriageway with 2- lane service roads with grade separators at major Junctions on the corridor.

The phenomenal growth of technology campuses over the past decade along the Outer Ring Road
(ORR) between the Central Silk Board to KR Puram has resulted in a traffic nightmare along the 17km

corridor.

The Outer Ring Road
Companies

Association (ORRCA)
estimates that nearly
1 million people -
about 10% of the
city’s population work
on that stretch while

the presence of many

of the biggest global
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corporate names along that road has raised Bengaluru’s stature on the international map, it has also

placed a huge burden on the transport infrastructure.

The Hebbal to Silk board stretch of ORR sees close to 4.5 Lakhs cars travel on it every day, which
means that on an average 18,750 vehicles are present on the ORR every hour. During peak hours,
this number is almost 2-3 times of the average. As per urban planning guidelines, the minimum travel
speed for a major city road is 25 Kph. Due to the heavy traffic presence, the average travel speed in

major sections of the ORR is less than 10Kph.

With a standing stock of 130 Million Sft, Bangalore is one of the largest commercial office markets in

India and accounts for the bulk of the annual office space absorption in India.

45 41% 402 45%
40 . 40%
33% 34.92 .
35 - 30.43 s a3y 0%
3p 268.38 — 30%
£ 25 28% 25%
(7]
20 20%
£ 14.31 132 TR
2 15 o5 : 15% =
= 10 . 8.66 10%
c
- 5 5%
0 0%
2012 2013 12014 2015
mm Pan India Absorption i Bangalore Absorption

#Banglore Absorption vs PAN India

ORR serves as the main artery between Bangalore International Airport and the IT hubs of
Bangalore. The corridor experiences approximately 800,000 commuters traveling on this stretch every

day.

All the key junctions have been improved by the construction of split flyovers. However, nearly all
the junctions below the flyovers are operated well beyond capacity, and the queue build up blocks

the traffic on the ring road in many instances.

2.3 Road Network

No other direct route is available at this moment except outer ring road from Silk Board to KR Puram.
The Belandur Lake and the HAL Airport are located on to the west of this road and this also resulted
in a situation where no parallel corridor could be developed. This has been one of the reasons of

overutilization of this road.

The present outer ring road has configuration of 2/3-Lane dual carriageway with service road on both
sides of nearly the entire length. At Ibbalur however, the road configurations are a 2-lane dual
carriageway with service roads. According to the survey carried out on the proposed alignment, the
vehicle movement of two wheelers ranges from 3898 to 17171, three wheelers ranges from 490 to

1064, four wheelers ranges from 2684 to 6624 and buses ranges from 528 to 766 during peak hours.

i DT K
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2.4 Existing Transit Service

The existing public transport service in the city is run by BMTC and BMRCL for the metro services.

The bus services run by BMTC are spread all over the city while the metro rail services run by BMRCL

is at present limited (refer Figure 2-1).

Bus system operated by BMTC has been the primary public transport system in Bangalore City. BMTC
has established 45 depots for providing services in the city. BMTC is operating 6143 schedules (as on

Aug 2018) every day. The fleet size operated in the city per lakh population is as below:

The Phase 1 corridors of metro are under operation catering to an average daily ridership of 4.5 lakhs
and peak daily ridership of 4.8 lakhs. Further to the operationalization of Metro in two corridors

(Phase 1), work on Phase II in progress. The details of Metro corridors existing and under

Year | Population | BMTC Bus Fleet Size Bu:s:;::it:kh
2001 61.9 2658 43
2011 90.44 5949 66
2018 122.98 6143 50

construction in the city are as below:

SI. No. Corridor Length (km) Status
Phase 1
Baiyappanahalli to Mysore Road (East — West Corridor- Purple .
1 Line) (R1 & R2) 18.1 Operational
Nagasandra to Yelachenahalli (North- South Corridor- Green .
2 Line) (R3 & R4) 24.2 Operational
Phase 2
N-S Line Extension from Puttenahalli Cross to Anjanapura Construction in
1 X 6.29
Township (R 4B) progress
2 |N-S Line Extension from Hesarghatta Cross to BIEC (R3C) 3.77 Construction in
progress
3 E-W Line Extension from Baiyappanahalli to ITPL- Whitefield 155 Construction in
(R1A,R 1B) ) progress
E-W Line Extension from Mysore Road Terminal to Kengeri Construction in
4 6.465
(R2A , R2B) progress
5 |New N-S Line IIMB to Nagawara (R6) 21.25 Construction in
progress
6 [New E-W Line to R.V.Road to Bommasandra (R5) 18.82 Construction in
progress
| YR K
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The on-going expansion in the form of electronic city corridor and the proposed corridors

2A & 2B

(connecting Silk Board with Airport via K R Puram and Hebbal) will bring major work centers in the

city accessible through Metro.

At present, BMTC is operating 837 schedules and 4672 trips between KR Puram and Central Silk

Board. Buses, which are hired by IT companies, Uber &0la taxies, IT cabs and two wheelers,

meeting the current mobility requirements along the corridor.

A CHALLAGHATTA

LEGEND :

PHASE 1 (42.3KM)
PHASEZ (72.1KM)

Source: BMRCL

Figure 2-1: Metro Phase 1 and Phase 2 Corridors

2.5 Proposed Land-Use

Table 2.3 presents the proposed land use break-up for conurbation limit of RMP 2031.

cars are

i DSC K

Page 2-5



;;’;mr,\P) Alternatives Analysis for Phase 2A Metro Corridor

Table 2-3: Land Use Area Statement

Landuse Category Area (Sq.km) % To Total
Developable Area

Residential 450.69 37.34
Commercial 27.88 2.31
Industrial 44.90 3.72
Public & Semi Public 58.66 4.86
Public & Semi Public - Defense 43.12 3.57
Public Utility 4.32 0.36
Parks / open spaces 29.71 2.46
Transport & Communication 120.77 10.01
Forest 4.71 0.39
Water Bodies and Streams 40.75 3.38
NGT Buffer 76.36 6.33
Total Developable Area 901.87 74.73
Agriculture Zone 305.05 25.27
Total 1206.92 100.00
BMICAPA 79.14 -
Jala&KasbaHobli 227.85 -
Total Conurbation Area 1513.91 -

Source: Revised Master Plan for Bengaluru - 2031
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3 Conceptual Transportation Alternatives

During the last decade, the urban sprawl in Indian cities has extended far beyond the city
jurisdiction limits resulting in high usage of private modes. Despite substantial efforts, cities are
facing difficulty in coping with increase of private vehicles along with improving personal mobility

and goods distribution.

National Urban Transport Policy (NUTP) emphasizes on person's mobility to achieve cost-effective
and equitable urban transport measures within an appropriate and consistent methodology.
Accordingly, Comprehensive Mobility Plan (CMP) document lays out a set of measured steps that are
designed to improve transportation in the city in a sustainable manner to meet the needs of a

growing population and projected transport demand.

The vision of the Comprehensive Mobility Plan for Bengaluru is to achieve "Efficient and Sustainable
Transportation for All”, with a system that serves to help fulfill the economic and social needs of

residents and visitors.

The strategic framework for efficient and sustainable transport has been formulated in CMP

considering following strategies:

= Strategy 1: Expand reach and augment capacity of public transport systems

= Strategy 2: Improve operational efficiency of public transport systems

» Strategy 3: Promote multi-modal mobility options

= Strategy 4: Promote Transit Oriented Development

= Strategy 5: Improve efficiency of road infrastructure

= Strategy 6: Augment capacity of road infrastructure

» Strategy 7: Make commuters bear full cost of externalities of mobility modes

= Strategy 8: Influence mobility choice through regulatory, fiscal and pricing measures
= Strategy 9: Promoting use of electric and cleaner fuel vehicles

= Strategy 10: Establish mechanism for planning, capacity building and accountability

3.1 Primary Public Transport Network as Proposed by CMP

Selection of a particular mass transit system for a city largely depends on the characteristics of the
city and its metropolitan area, the projection of traffic demand for transit travel and the availability

of suitable right-of-way (ROW) among others.

The CMP has proposed the overall public transport network of 803 km length within BMA i. e.,
metro, suburban rail, priority bus corridors, BRTS or Metrolite in addition to augmentation of public
bus transport services. The proposed corridor from Central Silk Board to KR Puram is also

recommended in the CMP. The public transport network peoposed by CMP is given in Figure 3-1.

i DS K
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LEGEND

Doddaballapur

BIAAPA (PART)

STUDY AREA
OUTER RING ROAD
NICE ROAD

METRO CORRIDORS

DEDICATED SUBURBAN
LINE

SHARED IR'SUBURBAN
LINE

BRTS / METROLITE

PROPOSED PERIPHERAL
RING ROAD (PRR)

PRIORITY BUS CORRIDOR
INNER RING METRO (UG)

Figure 3-1: Public Transit Network

3.2 Public Transit System Alternatives

The Mass transport systems could be rail based consisting of Metro Lite or Metro Rail systems or
Heavy Metro, and road based such as BRT or Normal Buses including a guided tyre based system the
Monorail. A characteristics summary of these public transport modes has been compiled in Table

3.1. The various public transportation modes along with associated advantages are detailed below:
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3.2.1 Normal Buses on Shared Right of Way

Normal/ordinary bus system is the main transport system in many major Indian cities. The public
transport services in the City are generally operated by the State Governments or local Governments.
They are normally characterized by sharing the common Right of Way with other modes of transport
in the city. Ordinary buses normally act as a feeder mode of transport in metropolitan cities to mass
rapid transit systems such as Metro

System, Heavy Metro etc.

Advantages

e Very low Capital and O&M costs

e Highly flexible

e City wide coverage

e FEasy to implement among all modes
Constraints

e Very low capacity
e Low speeds and frequent delays
e Frequent breakdowns

e Higher pollution compared to other modes

3.2.2 Bus Rapid Transit

Bus Rapid Systems are bus-based public transport system designed to improve capacity and reliability
relative to the conventional bus system. Typically, this system includes roadway that has dedicated

lanes for high capacity buses, and gives priority to buses at intersections where buses may interact

o
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with other traffic; alongside design features to reduce delays caused by passengers boarding or
leaving buses, or purchasing fares. The system aims to increase the capacity and operating speed

with the flexibility, lower cost and simplicity of a bus system.

Advantages
e (Capital costs lower than rail based systems
e Lower O&M costs
e Higher capacity than ordinary bus services

e Relatively simple technology and availability of manpower for O&M

Constraints
e Capacity not as high as rail based systems
e Inflexible as stopping at fixed bus stops
e More polluting than rail based systems

e Needs urban road space for dedicated corridors

3.2.3 Monorail

The monorail is a system that runs on a single guide way and is a tyre mounted system. The first
monorail in India has been built in Mumbai. The system has a carrying capacity of about 15000

people and due to its tyred wheels can take steep gradients.

Advantages
. Carrying capacity of about 15,000

o Does not need too much ROW
o Can be operated as an elevated or can run with the Beam at grade
. Comfortable and safe PT system

Constraints
e Capital costs high
e Operating costs higher than bus systems
e Carrying capacity lower than metro system
¢ Needs extensive feeder systems for last mile connectivity
e Will need large chunk of urban land for maintenance depot

e Systems are to be imported in the initial stages
3.2.4 Metro Lite System:

Metro Lite system is similar to light rail transit which is popular system in large humber of European

countries. Metro Lite system proposed in Indian context is generally an at-grade system with

i DS K
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dedicated corridor segregated from traffic thus these can only be provided where ample right of way

is available. MoHUA have come-up with guidelines and specifications for the system in Indian context.

This system with its characteristic of lower turning radii requirement, can be proposed through

internal road system with adequate right of way. The Metro Lite system is expected to cater to the
travel demands of 2000 PHPDT to 15,000 PHPDT. The capacity of at-grade system is highly

depended on the intersection control. If the road intersections are congested, the development of

Metro lite as at-grade system will be a challenge. In this scenario, grade separation of Metro Lite may

be considered.

Exclusive right of way for Metro Lite allows the trains to run at higher speeds, however this depends

on the number of intersections and traffic at these intersections. Automated and advanced signal

system would be required if the higher capacity as depicted above is to be achieved.

Advantages

Capital cost is generally less than metro system
Needs similar urban road space compared to BRT System
No pollution as system operates on electricity

Comfortable and safe PT system as Metro system except for the passenger crossings and
open shelters

Constraints

Capital costs higher than bus system

Operating costs higher than bus systems

Needs substantial urban space if proposed at-grade
Carrying capacity is significantly lower than metro system
Will need large chunk of urban land for maintenance depot

System required to be imported No indigenous availability in Indian conditions
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3.2.5 Metro Rail Systems:

Metro Rail system is most prevalent mass
transit system adopted worldwide. In India,
metro rail is operational in various cities viz.
Delhi, Kolkata, Mumbai, Bangalore, Kochi,
Jaipur etc. It is a grade-separated system with
exclusive right of way characterized by short

distances of stations spaced at about 1 km and

modern state of the art rolling stock having
high acceleration and deceleration with maximum design speed of 80-90kmph. Sharpest curve of 120
m radius is permitted for Metro. The system can be designed to meet the peak hour peak direction
traffic (PHPDT) carrying capacity from 20,000 to up to 60,000 depending upon the type of systems
and infrastructure adopted such as rolling stock, train set configurations, signaling system, stations

platform length etc.

Advantages

e Serves Maximum peak hour peak directional traffic among all modes

e Very high carrying capacity

o Needs very little operational urban space

e High operating speed

e No pollution as system operates on electricity

e Comfortable and safe PT system leading to improved city image
Constraints

e |ong gestation period

e High capital cost

e High operating cost per passenger

e Inflexible as stopping at fixed stations

e Needs extensive feeder systems for last mile connectivity

e Will need large chunk of urban land for maintenance
3.2.6 Heavy METRO System

The heavy Metro has a very heavy carrying capacity making it suitable for high density sections with
travel demand more than 40,000 PHPDT. The system can operate on broad gauge or standard
gauge, however the systems available in India are made for broad gauge operations. Generally, the
coaches are wider and longer to accommodate higher number of passengers. The technology is
available in India and the entire system could be built in India. However, the section required for

elevated or underground development will be larger compared to Metro and hence would be
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expensive. The system also requires more generous radii at curves to enable the system negotiate
safely at desired speeds. This will require comparatively higher land acquisition for the corridor as

well as for depot and thus could be a costly proposition.

3.2.6.1 Advantages:
e Serves Maximum peak hour peak directional traffic among all modes
e Very high carrying capacity
e High operating speed
e No pollution as system operates on electricity
e Comfortable and safe PT system

3.2.6.2 Constraints

e High Capital costs

e Needs higher urban space (Land acquisition)

i DS K
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Table 3-1: Comparison of Various Mass Transport Options

UL Heavy Metro Metro Monorail Metro Lite BRT
Mode
Exterior of
Vehicle
It is a bus operation
generally characterized
Heavy Metro similar to Metro by use of exclusive or
but with higher carrying Most prevalent worldwide The monorail is a system that runs on It is a transport system that reserved rights-of-way
Description capacity and thus higher axle Mass Rail Transit System a single guideway and is a tyre runs on elevated or at grade (bus ways) that permit
load. Generally considered for (Metro) mounted system track higher speeds and
very high density corridor avoidance of delays
from general traffic
flows
Exclusive ROW Exclusive ROW Exclusive ROW Exclusive ROW Exclusive ROW
ROW
Options Semi-exclusive Mixed traffic Semi-exclusive Mixed
Grade Separated Grade Separated Grade Separated lanes traffic lanes
Station
Spacing 1-2 Km 1-2 Km 0.7 Kmto 1.5 Km 0.7 Km to 1.5 Km 0.7 km to 1.0 Km
(Approx.)
| CHESE. K
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ULELELS Heavy Metro Metro Monorail Metro Lite BRT
Mode
Standard, articulated
. . A Articulated, double articulated | double articulated low
. L High platform cars High platform cars operating in . .
. High platform cars operating in L . . . - low floor can operate in or high platform cars
Vehicles . : operating in multiple car multiple car trains sets, electric . ) . -
multiple car trains sets . . multiple car sets, electric diesel/hybrid
trains sets propulsion . - .
propulsion propulsion, Electric
Trolley Bus
Capacity 360-400 per car 315-345 Per Car 50-120 Per Car Upto 300 (3 coach rake) 50-80 per Bus
Average
Speed 35 Kph 35 Kph 30 Kph 25Kph 25 Kph
Passenger 30,000 PHPDT to 90,000 20,000 PHPDT to060,000
Throughput PHPDT PHPDT Up to 15,000 PHPDT 2000 to 15,000 PHPDT Up to 8,000 PHPDT
Min.Curve 220 m 120 m 25 m 25 m depot 12 m
Radius
Rs180 - 250 Cr/km 60 Crore Rupees
App Capital ! (Elevated) & 450 - 500 . .
Cost per km 220-300 Crore Rupees Cr/km (Underground 160-180 Crore Rupees 120-180 Crore Rupees 110-140 Crore
Section) (Elevated)
App O & M 350-450 lakh R 300-400 Lakh R 150-200 Lakh R 150-200 Lakh R 300-600 Lakh R
Cost per km - a upees - a upees - a upees - a upees - a upees

Source: Compilation of information available from BEML, and studies for various public transit system projects (Mumbai Mono Rail, Delhi LRT Study, Delhi
Metro, Mumbai Metro, Hyderabad Metro, Nagpur Metro, Pune Metro and other studies)
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3.3 Constraints and Selection of Systems for Analysis

The ridership prediction on this corridor for the cardinal years is presented in Table 3.2 and the daily boarding and alighting is presented in Table 3.3. The
figure suggests that only a higher order mass transit system would be able to cater to the demand.

Table 3-2: Travel Demand Forecast

Station PHPDT-2024 PHPDT-2031 PHPDT-2041
From To Forward Reverse Maximum Forward Reverse Maximum Forward Reverse Maximum
Silk Board HRS Layout 11,767 11,885 19,573 15,645 15,801 26,023 20,266 20,469 33,709
HRS Layout Agara Lake 11,881 11,406 15,796 15,164 20,462 19,644
Agara Lake Iblur 12,132 11,768 16,130 15,646 20,894 20,267
Iblur Bellandur 13,023 12,762 17,313 16,967 22,428 21,979
Bellandur Kadubeesanahalli 9,512 9.037 12,647 12,014 16,382 15,563
Kadubeesanahalli Kodibisanahalli 9,535 9,630 12,676 12,803 16,421 16,585
Kodibisanahalli Marathahalli 18,986 19,573 25,242 26,023 32,698 33,709
Marathahalli ISRO 17,835 17,486 23.712 23,247 30,716 30,114
ISRO Doddanekundi 16,290 16,968 21,657 22,560 28,054 29,223
. DRDO Sports

Doddanekundi 15,021 15,647 19,970 20,802 25,869 26,947

Complex
DRDO Sports

Mahadevapura 15,777 15,026 20,976 19,977 27,172 25,878
Complex
Mahadevapura K R Puram 16,045 15,428 21,332 20,512 27,633 26,570

| CHERLC K
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Table 3-3: Boarding and Alighting at Stations

Daily 2024 Peak 2024 Daily 2031 Peak 2031 Daily 2041 Peak 2041

Sations Board Alight Board Alight Board Alight Board Alight Board Alight Board Alight
Silk Board 59,320 59,919 11,767 11,885 78,866 79,663 15,545 15,801 1,02,162( 1,03,194| 20,266 20,469
HRS Layout 12,056 12,065 2,679 2,681 16,029 16,041 3,562 3,565 20,764 20,779 4,614 4,618
Asara Lake 7423 7,348 1,649 1,633 9,868 9,770 2,193 2,171 12,784 12,656 2,841 2,812
Ibbalur 32,716 32,389 7,270 7,198 43,496 43,061 9,666 9,569 56,344 55,780 12,521 12,396
Bellandur 14,898 14,749 3,311 3,278 19,807 19,609 4,402 4,358 25,658 25,401 5,702 5,645
Kadubeesanahalli 15,865 16,607 3,748 3,690 22,422 22,079 4,983 4,906 29,045 28,601 6,454 6,356
Kodibisanahalli 22,500 22,662 5,000 5,036 29,913 30,129 6,647 6,695 38,750| 39,028 8,611 8,673
Marathahalli 40,724 40,580 9,050 9,018 54,143 53,951 12,032 11,989 70,136 69,888 15,586 15,531
ISRO 16,480 16,316 3,662 3,626 21911 21,691 4,869 4,820 28,383 28,099 6,307 6,244
Doddanekundi 20,207 19,438 4,491 4,320 26,866 25,843 5,970 5,743 34,801| 33477 7,734 7,439
élcl?r?gle?(oorts 14,400 14,256 3,200 3,168 19,144 18,953 4,254 4,212 24,799 24551 5511 5,456
Mahadevapura 13,045 13,167 2,899 2,926 17,344 17,505 3,854 3,890 22467 22,676 4,993 5,039
KR Puram 67,831 68,970 15,428 16,045 90,181 91,696 20,512 21,332 1,16,819| 1,18,781| 26,570 27,633
Total 3,38,466| 3,38,466 4,49,990| 4,49,990 5,82,912| 5,82,912

Considering the general/maximum capacities of various systems as described in the previous section, only metro and heavy metro will be able to cater to

the ridership and PHPDT of the proposed corridor. Other systems as, BRT, Metro Lite or mono rail do not cater to the passenger demand expected on this

corridor even in the initial years and thus would not contribute to the sustainable transportation solution for the corridor.
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4 Screening Criteria for the identified Alternative Options

This chapter discusses the initial screening and short listing of the options that would be taken up the

detailed evaluation. The parameters and criteria for the detailed evaluation also presented in this

chapter.

4.1 Screening Parameters

Screening of alternative modes needs to be done to shortlist most viable alternatives for Phase 2

mass transit corridors in the Study Area. The screening parameters for alternatives evaluation are

considered with regard to mobility improvements, engineering feasibility, environmental benefits, cost

effectiveness, operating efficiencies and economic effects. The basic framework for screening and

evaluation of the alternatives includes:

o Effectiveness — the extent to which each alternative meets established goals and objectives,

including transportation and sustainability goals

o Impacts —the extent to which the project supports economic development, environmental or local

policy goals

e Cost effectiveness — to show the trade-off between the effectiveness of an alternative and its

capital and operating costs

o Economic feasibility — the ability to obtain the economic benefits for the society

e Equity - the distribution of costs and benefits

4.1.1 Goals &Objectives

The basic goals and objectives have been identified to establish the screening criteria that satisfy the

project purpose and need. The basis for evaluation allows the benefits and impacts of each

alternative to be measured with an objective set of criteria that relate to the specific needs for the

project. For each identified goal, a set of objectives have been identified and listed in Table 4.1.

Table 4-1: Goals and Objectives to be Satisfied by Alternative Modes

Goals

Objectives

1 Improve mobility for travel

Provide more transportation choices, especially for transit
dependent groups such as low & middle income and the aged
to jobs, housing and other trip purposes.

Provide high-quality transit service for local trips between
employment generating zones as well as core study area

Increase transit ridership and mode share for public transport
trips

Establish a more balanced transportation system which
enhances modal choices and encourages walking, bicycle
and transit use

Improve mobility to the transportation Hub (Airport)
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Goals

Objectives

Contribute to and serve as a
catalyst for economic
development

Encourage transit-oriented mixed-use development along the
corridors that would support population and employment
growth along the corridor

Reinvest in the local economy by maximizing the economic
impact of transportation investments as related to land use
redevelopment, infrastructure improvements, and housing

Support regional economic development initiatives

Incorporate considerations into new development design that
support transit as a transportation option

Enhance livability, reuse
and long-term
environmental benefit

Minimize adverse air, land and water environmental impacts
of transportation investments

Conserve transportation energy
Serve households at a range of income levels

Support lifestyle choices for environmentally sustainable
communities.

Implement strategies for reducing transportation-related
greenhouse gas emissions.

Promote green and sustainable technologies and solutions
that enhance economic development opportunities.

Improve the image and
identity of the residential,
commercial, and industrial

areas through infrastructure
improvements

Support private investments in transit friendly, and
pedestrian and bicycle-focused developments

Support improvements in neighborhood connectivity through
attention to safety, comfort and aesthetics in the design of
transportation infrastructure

Serve areas of and complement initiatives for affordable
housing.

4.1.2 Basis for Identification of Screening Criteria for Alternatives

4.1.3

Considering the goals and objectives, the parameters across various transportation modes are

identified for initial screening and further detailed evaluation. Available transportation modes

have been screened initially such as need to serve the travel demand, constructability, cost

and right of way etc. to shortlist the modes and in a quantitative and detailed way among the

shortlisted alternatives such as estimation of traffic figures, civil engineering effects, capital,

operation & maintenance cost etc. to result in the most viable alternative for the Phase 2

corridors.

Screening of Alternatives

The screening analysis of qualitative parameters will focus on eliminating the alternatives that

are not feasible for the city corridors. The factors considered for this screening are as follows:
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e The mode will fail to meet the project identified goals and objectives

e Do not fit with existing local, regional programs and strategies, and do not fit with wider
government priorities (e.g. national programs for livability and sustainability); and,

e Would be unlikely to pass key viability and acceptability criteria (or represent significant
risk)

Five alternative mass transit systems catering to the needs of a city have been considered for

the initial screening stage with the set of identified qualitative parameters:
i. Bus Rapid Transit System

ii. Mono Rail

iii. Metro Lite (elevated)

iv. Metro System

V. Heavy Metro

The preliminary observation (CMP) and screening identifies that the traffic demand in this

corridor is for a higher capacity mass transit system.

4.2 Evaluation Parameters

The evaluation has been carried out over many key parameters that help in selection of the
most suitable system for the corridor. They are
Mobility Effects - Primary purpose of this task is to assess the current travel
demand for base year, with available future year land use data as documented in
CMP. Mobility effects also cover the identified modes utilization and its connectivity.
Conceptual Engineering Effect - Engineering effects have been considered for civil
aspects of alternatives. To refine the range of alternatives to relate the differences
between options, all feasible alternatives have been compared including those as
identified in CMP.
System Effects - The indigenous availability of rolling stock, carrying capacity, type
of operation, safety, comfort, land availability for depot, are the system related
characteristics which are considered.
Environmental Effects - The purpose of preliminary environmental analysis is to
identify environmentally sensitive areas early on, so that these areas can be avoided if
possible during design. A screening-level analysis has been conducted to determine
the potential environmental impacts of each alternative identified.
Social Effects - The analysis has been conducted to determine the potential social

impacts of alternatives.

i U I
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Cost Effectiveness & Affordability - The capital cost and annual costs associated
e.g. operation & maintenance costs etc. for each alternative have been evaluated.
Preliminary costs have been estimated based upon conceptual engineering for
alternatives selected for evaluation.

Financial and Economic Effects — Financial plans, economic benefits and costs

associated with the project have been identified and quantified for identification of
optimum solution along with economic viability.

Other Factors - Approval & Implementation - The mass transport system to be
introduced will require technology and set of components well established and proven
so that statutory approvals and implementation of system do not result in time delays
and cost implications. Established systems already in place in India will require less
time for processing of approvals and would be easy to implement.

These have been broken down further to their sub components and discussed below

4.2.1 Mobility Effects

Travel Demand Forecasting:

The system selection will largely depend on the transport demand. The travel
demand forecast for the corridor estimated based on the developed conventional 4
stage transport model. For the purpose, following tasks have been performed.
However, the assessment was done based on the calibrated model as part of the
Master Plan Development for Bangalore 2031.

a. Development of trip matrices through House hold surveys
b. Development of a base year road and public transport network.
c. Calibration of a distribution and mode choice functions.

d. Preparation of road and transit networks for the sustainable alternative and ano-
project (without project) scenario

e. Summarizing the travel demand results for base and horizon years, peak hour peak
direction trips, daily system utilization (passenger km per route km) and estimating
reduced number of vehicles on road due to proposed mass transit network

f. Ease of passenger transfer between the proposed alternative modes in terms of
time and convenience

g. Analysis of differences among the various alternatives to provide information to
Environmental Assessment

4.2.2 Conceptual Engineering Effect

i  Available Right-of-Way (Land Acquisition)

a. Civil engineering alignment plan has been prepared with horizontal and vertical
profiling giving the arrangement of system structures along the Right of Way
with an estimation of land required. For rail based mass transit systems, land

iDECK
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might be required for construction of viaduct, at stations and also for depots. For
elevated road based systems land would be required for viaduct construction,
bus stops and for maintenance / repair activities at depot.

b. The road space has been identified which will be occupied by station (either
underground or elevated) and the project permanently/temporarily.

i. Alignment Design and Constructability

Alignment criteria have been considered for the shortlisted modes considering
existing/proposed infrastructure, integration with other modes of transport,
availability of RoW, land for ramp and options for depot. Overall ease of construction

has also been compared.

Geometric Parameters consisting of basic design criteria, parameters relating to
horizontal and vertical design profiles plays an important role with respect to the

existing local conditions.

ii. Geotechnical Characteristics and Civil Structures:
Study of Soil characteristics of the area is necessary for construction of a new
transport system. Geotechnical condition of the area has major impact on the design
of foundations. Hence, At-grade systems have less impact as compared to elevated or

underground systems.

iv. Station Planning and Intermodal Integration:
Intermodal integration along with provision of adequate parking spaces at stations
plays an important role in providing last mile connectivity and boosting the ridership
patronage. The meticulous planning of stations and intermodal integration for
organized passenger movement and modal shifts will go a long way in providing

convenient passenger transfers and betterment in patronage.

V. Requirement for Utility Shifting
Conception and implementation of a new transport system impacts the location of
existing surface/underground utilities. At-grade systems cause less impact to utilities'
shifting as compared to elevated or underground systems. The quantity and type of

utilities to be shifted has considerable impact on the design efforts and costing.

4.2.3 System Effects

i  Interoperability with Phase-1 System
The interoperability between proposed Phase 2 and existing Phase I is an important
parameter. The system can have better system efficiency, optimized use of system

resources and enhanced passenger comfort if existing system is continued.

i U I
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New mass transit modes on the extension of existing corridors may require entirely
new set of infrastructure facilities for operation and maintenance. The small stretches
of Phase 2 extensions spread over multiple part of the study area may require several
O&M facilities for modes other than that of Phase I.

i. Rolling Stock Requirement

The efficiency of the mass transport systems depends upon the minimum headway on
which the system can be operated and the total rolling stock/fleet required for
operational purposes. Both Metro and Heavy Metro systems can have same minimum
possible headway, whereas Heavy Metro requires less rolling stock than Metro. Metro

Lite and Mono Rail or BRT requires a large fleet to cater to the projected demand.

ii. Land for Maintenance Depot
Land in bulk amount is required within city limits for maintenance activities of rolling
stock and allied facilities for the rail based system. Availability of land is an important
factor in identification of mode. Since, metro rail is already under construction in
Bangalore, the proposed Phase 2 can use the existing depots whereas in case of
other systems, construction of new depots will be required at each end of the
proposed extensions. In case of BRT, the required depots may be less but the dead

mileage of operating the buses would be expensive.

iv. Indigenous Availability
Availability of rail coaches/buses is also an important factor as it has time delays and
cost implications. With several operational metro rail systems in India various
components like track, civil structures and rolling stock components have been
standardised. Efforts have been taken by Government and Metro rail implementing
agencies for taking a step towards indigenizing the metro rail systems. Whereas, in
case of other rail based transport, these have to be taken afresh resulting in delay

and cost implications.

4.2.4 Environmental Effects

The purpose of environmental analysis is to identify sensitive areas early on, so that

these areas can be avoided if possible during design.

Air & Noise Pollution

Public transport can relieve traffic congestion and reduce air / noise pollution
generated from use of personalized road transport. The use of public transport must
be encouraged under sustainable transport policy. Rail based systems are

advantageous and cause less pollution as compared to road based system on account
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of usage of electric power. Buses on the other hand use CNG, but still are more

polluting than rail based systems.

4.2.5 Social Effects

Preliminary social impacts in terms of structures / persons affected have been

estimated for each of the alternatives.

Structures/Persons Affected

The alignment for the mass transport system proposed in the city results in relocation
of a number of structures/persons. This is a sensitive part of the project regarding
land acquisition resulting in rehabilitation and resettlement of project affected families

and compensation payment.

4.2,6 Cost Effectiveness & Affordability

i. Capital Cost
The mass rapid transport systems are capital intensive initiatives. It is the total capital
required per passenger km for the project consisting of land, alignment and
formation, station buildings in case of rail based systems, traction and power supply
systems, rolling stock, signaling & telecommunication, environmental and social costs,

intermodal integration, general charges etc. with respect to total passenger km.

ii. O&M Cost
Operation and maintenance of a transport system requires cost and man-power on a
daily basis across the operational years. The cost required for this purpose shall be an
important factor in identification of mode in addition to other parameters. Since, India
has limited or no experience for Metro Lite system or Mono Rail; the maintenance
personnel may find difficulties in maintaining the rolling stock/subsystems. This may

increase the maintenance cost during operation.

4.2.7 Financial and Economic Effects

Public and private funding options have been considered in developing the plan.

Benefits and costs associated with the project have been quantified.

i. Economic Returns
Implementation of a dedicated mass rapid transit system will result in reduction of
number of private vehicles on the road and increase in journey speed of road- based
vehicles. This is expected to generate substantial benefits to the economy as a whole
in terms of reduction in fuel consumption, vehicle operating costs and passenger

time. In addition, there will be reduction in accidents and pollution. Other benefits
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include reduction in noise, increase in mobility levels, improvement in quality of life

and general economic growth.

ii. Life Cycle Cost
Public transport system is essentially envisioned for a longer planning period. While
planning and evaluation period for rail based mass transit system is taken as 30
years, these systems are expected to serve beyond this time for upto 100 years. Rail

based systems have a higher life cycle than bus system.

4.2,8 Approvals and Implementation

i.  Time Required for Approvals
BRT and Metro System are implemented in several cities including Bangalore and thus
appraisal and approval is easier. For other systems, with no notable previous
experience in the country specifically in rolling stock design and O&M, the technical
expertise will have to be developed afresh which may result in more time for

approval.

ii. ~Ease of Implementation

Metro Rail and Bus Rapid Transit have proven experience in India with operation in
various cities. Metro rail technology as well as various components like track gauge,
civil structures and rolling stock components have been standardized and now
available within the country. Efforts have also been made by the Government and
Implementing Agencies towards indigenizing the various components of metro rail
systems. Technical expertise has also been developed in the country over the period
of time. Metro rail system and BRT have better ease of implementation than that of

other systems as Mono Rail, Metro Lite.

The identified parameters along with the overall weightages assigned to various

parameters for evaluation have been summarized in Table 4.2.

Table 4-2: Parameters Identified For Evaluation

S.N. o Objectives Weightage
Criterion

e Serve the maximum peak travel demand

e Minimize congestion and reduce reliance on
automobile

Mobility Effects ° !Drovide conveni.e:.r!t accessibility and improve 20
1 interchange facilities

e Increase public transportation ridership and
mode share

e Provide higher modal utilization

| YR K
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e Utilization of available of existing right of way
Conceptual Civil e Suitability of Geometric parameters 10
2 Engineering e Assess constructability of alternative mode
Effect e Possible extent of land acquisition considering
right of way, civil structures and stations
e Provide better safety and comfort 15
3 System Effects Ability to carry more passengers
e Indigenous availability of rolling stock
e Preserve the natural environment
e Reduce pollution from shifting of vehicles from
Environmental private to public modes of transport 10
4 Effects e Protect and  enhance cultural
heritage, landmarks and archaeological
monuments
5 Social Effects e Impact on existing structures and families 10
Cost ° Prov_ide quality, affprdablt_a public transport
Effectiveness service with an optimum investment cost 15
6 &Affordability e Consumption of minimum possible maintenance
costs
e Provision of a public transport system that
Financial z_md would be longstanding and has a higher life 15
v Economic cycle cost
effects e Provision of economic friendly transport system
with higher economic benefits to the society
Approvals and e Time talfen for approval of system 5
8 Implementation e Ease of implementing the proposed and
approved system
100
TOTAL
| e K
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5 Alternatives Evaluation (Preliminary and Detailed)

5.1 Preliminary Evaluation

The corridor that has been chosen has no major alternate routes. The outer ring road runs
on the east side of Belandur Lake and the HAL airport and is the primary route available for
travelers to reach KR Puram from Silk Board. The alternative route via Koramangala, Domlur,
Indira Nagar would be circuitous and on many sections of roads the ROW limitations make it
impossible for construction of a mass transit system. Also the road through the city would
have to pass through a section of Military land (on the Intermediate Ring road) where
provision of an elevated structure may pose a challenge. Also the corridor forms a
component of a larger mass transit network and hence should necessary be constructed on
the Outer Ring Road.

As already detailed in Section 4.2 the evaluation of the alternatives will rest on various broad
aspects. Given that there are no practical alternative corridors for this route from Silk board
to KR Puram the alternatives analysis would be more of a selection of the most preferable

system rather than a route cum system selection.

The scoring criteria for the preliminary evaluation will follow the ranking system where in the
best system will be ranked as 1 while the least preferred/efficient system is ranked the last i.e

5. Where qualitatively two or more systems are comparable then these systems are given

same rank.
5.1.1 Mobility Aspect
The first aspect of system selection is the mobility demand which is the ridership estimation
as anticipated in the year 2041. The ridership estimates for this corridor (Sectional loads from
Station to Station is provided in the following table.
The alternate systems that could be considered to cater to various travel demands
summarized from Table 3.1 are as below:
System Technology Indicative Capacity (PHPDT) Remarks
Bus Rapid Transit 8,000 Maximum Capacity
Monorail 15,000 Maximum Capacity
Metro Lite 15,000 Maximum Capacity
Metro System 40,000 6 cars running at 3 Min headway
Heavy Metro 60,000 6 cars running at 3 Min headway
DS K
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From the point of view of carrying capacity, the Metro is most appropriate option for meeting
the passenger demand with about 84% utilization of capacity and its capacity can further be
enhanced (if required) by reducing headway to less than 3 min. This could be achieved by

planning for the expansion through initial planning of civil infrastructure.

The heavy Metro rail system can carry almost twice the amount of load and hence could be a

provision of surplus capacity system in terms of capacity provided.

PHPDT BRT Monorail Metro Lite Metro Heavy Metro
Capacity 8,000 15,000 15,000 40,000 60,000
Travel Demand 2041 33,709 33,709 33,709 33,709 33,709

Meets the PHPDT

X 23.73% 44.50% 44.50% 118.66% 177.99%
Requirement

Qualitative Ranking 5 3 3 1 1

BRT, the Monorail and the Metro Lite are systems that will not be able to satisfy the demand,

since less than 50% of the demand only can be met by these systems.

5.1.2 Engineering Aspect

A BRT system can be fitted into the ROW and hence can be a system that is highly cost
efficient. However, the Junctions below the flyover will continue to provide delays and reduce

the efficiency of the system.

The Monorail and Metro lite systems are not manufactured in India and this situation make
them expensive. The construction quality of the guide beams for Monorail need to be kept at
a very high standard else the ride becomes unpleasant and maintenance costs of the vehicles

increase with increased wear and tear.

Like the BRT the Metro lite can be fitted into the ROW and similar issues that the BRT may
face will be faced by the Metro Lite. The at-grade development leads to very low speeds due

to presence of intersections and cross roads coupled with high crossing traffic.

Metro is already under development in Bangalore and the ROW of 32 meters will be adequate
to accommodate an elevated system of Metro without land acquisition. The split flyovers
have been built in order to accommodate columns in between and hence the metro could be
built along the central median with minimum impact on the existing road carriageway.
Technically there are no apparent constraints. Existing depot near Baiyappanahalli would be
utilized through remodeling and hence additional land is not required and also the depot

development costs will be minimum.
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Like Metro, Heavy Metro will have to be elevated/go underground if the system has to be
fitted in the existing ROW. This will require a comparatively heavier structure. The geo-
technical investigations conducted along the corridor indicate presence of weathered rock/
hard rock. This situation would make the development of underground facility an expensive
and time consuming affair (considering the experience during the phase 1 construction). Thus
an elevated option would be appropriate. With the sub-soil characteristics being favorable,
this is expected to facilitate development of structures that may be required to carry heavy
rail systems as well. However, additional land will be required at curves to accommodate the

Heavy Metro and cost of construction will be higher.

. . Qualitative
Mode Engineering Aspect Ranking
BRT Can be fitted within ROW and requires reorganization of entire cross 1
section. Exclusive and dedicated corridor is required for the
development of BRT, land would be required for additional depots.
Junctions along the route are saturated.
Monorail | Minimum Land Acquisition required, system is imported, also cannot 3
be integrated with existing metro. Exclusive depot and maintenance
yard would be required
Metro Can be fitted within ROW and requires reorganization of entire cross 3
Lite section. Exclusive and dedicated corridor is required for the
development of Metro Lite. Land Acquisition required for Depot.
Junctions below flyover are highly congested, System is imported.
Exclusive depot and maintenance yard would be required
Metro Significantly lower constraints, station areas and at few locations for 1
the alignment may need land acquisition.
Heavy Will require heavy structures, will require more land acquisition, also 5
Metro cannot be integrated with existing metro. Exclusive depot and
maintenance yard would be required.
5.1.3 System Aspects

The BRT is an emerging transport system specifically suited to small cities and low travel
demand corridors and many cities in India are adopting it. The BRT operations should be

separated from the bus operations for maximum efficiency.

The Monorail and the Metro lite systems will have considerable import requirements as there
is no manufacturing facility in India and not many cities have these systems to encourage
local production. In this situation, these systems are expected to be expensive apart from
higher rolling stock requirements even to meet modest carrying capacity (at approximately
50% of the capacity of metro system) which is to the tune of 50% more compared to regular

metro systems.
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Since phase 1 are operational and Phase 2 metro corridors are under implementation in
Bangalore City, the advantage of the development of Metro compared to any other rail based
system will be very high. Both in terms of interoperability and in terms of spares and

maintenance.

Qualitative
Mode System Aspects Ranking
BRT Many cities in India have built developed BRT systems. 1
However, signal system will need to be automated & integrated
with traffic signal for better results
Monorail | Most components are imported. The beam construction is very 5
technical.
Metro Metro lite system needs to be imported till indigenous 3
Lite production happens in India.
Metro Already operational in Bangalore and construction of additional 1
corridors in progress. Most components locally available.
Heavy Technology available, however will not be possible to be 3
Metro integrated with existing metro systems.

Environmental Aspects

The higher order public transport system such as Metro/ heavy Metro can carry the projected
demand, all other systems under comparison have much lower capacity (less than 50% of
the demand). Since the rail based systems have similar characteristics on the part of systems,
energy use, meet the travel demand (select systems), have land acquisition which is minimal
and mostly limited to station areas and Depot development, all options are expected to have
positive impact on the environment (though differ in levels of impact), reducing carbon foot
print. The brief of the impacts on the environment is presented in Table 5.1.The Monorail,
Metro Lite and the BRTS which will be able to cater to much less demand will hence provide

lesser environmental relief.
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Table 5-1: Environmental Impacts

SI. . Project Activities . Degree Nature
Environment . Potential
NO | i Parameters Project o] Impacts Ci7 Ci7
. Phase Actvity P Impact | Impact
1. Topography Construction Quarrying, Minor changes Medium -ve, P
Phase borrowing of in topography For BRT
earth, construction | of construction and
of elevated metro sites due to Metro
structure excavation and Lite very
filling of soil. lite
impact
Operation Nil Nil Nil Nil
Phase
2. Climate Construction Construction of Emission from Minor -ve, T
Phase metro structures machineries
&equipments
Operation Plantation & Improvement Minor + ve, P
Phase Landscaping in micro climate
of project area
3. Soil Construction Quarrying, Loss of top soil Minor - ve, P
Characteristics Phase borrowing of due to Minor
earth, excavation and BRT and —ve, T
Construction of Soil erosion. Metro lite
road Contamination will have
Movement of of top soil due a lesser
construction to spillage of impact as
material carrying construction there is
vehicles materials, fuels, | no deep
grease and excavatio
asphailt. n
Operation Nil Nil Nil Nil
Phase
4, Hydrology Construction Construction of Contamination Minor -ve, T
Phase elevated metro of canal water
structure near during
lakes and storm construction
water drains period.
Operation Nil Nil Nil Nil
Phase
5. Ambient Air Construction Quarrying, Increased air Minor -ve, T
Quality Phase Material transport, pollution in
storage & use terms of dust
Earth work and and emissions
dismantling of from vehicles,
existing buildings construction
and structures, equipments
Operation of and DG sets
concrete mix plant | @nd from the
construction
sites.
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Page 5-5




méio )

Alternatives Analysis for Phase 2A Metro Corridor

SI. . Project Activities . Degree Nature
Environment . Potential
NO | .l Parameters Project ivi Impacts s s
Phase Activity P Impact Impact
Operation Reduction in traffic | Reduction in Air | Major +ve, P
Phase congestion pollution
6. Noise levels Construction Quarrying, Increase in Minor -ve, T
Phase material transport, | ambient noise
storage & use, levels
dismantling of
existing buildings
and structures,
construction of
elevated metro
structure, running
of DG sets
Use of
construction
equipments
Operation Nil Nil Nil Nil
Phase
7. Surface Water Construction Extraction of Reduction in Minor -ve, T
Resources Phase surface water for surface water
construction availability
activities
Operation Use of runoff Pressure of Minor + ve, P
Phase water from surface water
elevated metro resources will
track and stations be reduced.
for avenue
plantation &
gardens. At grade
run off for BRT
and Metro Lite
8. Ground Water Construction Extraction of Reduction in Minor -ve, T
Resources Phase ground water for ground water
construction availability
activities and
camp site needs
Operation Nil Nil Nil Nil
Phase
9. Surface Water Construction Construction Increase in Minor -ve T
Quality Phase elevated metro turbidity of
structure, river / stream
Earthworks and water due to
Pavement works, construction
Discharge of activities,
sewage from Pollution of
construction surface water
camps, Spillage of bodies due to
oil, grease and run off from
hazardous construction
materials. sites during
rainy season,
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SI. . Project Activities . Degree Nature
Environment . Potential
NO | .l Parameters Project Activi Impacts s s
Phase Ivity Impact Impact
discharge of
sewage and
spillage of
construction
materials, fuels
etc.
Operation Nil Nil Nil Nil
Phase
10. Ground Water Construction Extraction of Reduction in Minor -ve T
Quality Phase ground water for ground water
construction availability and
activities and subsequent
camp site needs. impact on
ground water
quality
Operation Nil Nil Nil Nil
Phase
11. Terrestrial Construction Labour camp Pressure on Minor -ve T
Ecology Phase activities trees due to
increase in fuel Medium — ve P
Cutting of trees demal?d.
and its branches Negative
along proposed impact on
alignment. micro-climate
of the area
Operation Plantation of trees | Positive impact Medium +ve, P
Phase & shrubs and on micro- The
landscaping climate of the lower
area ridership
in BRT,
Metro
Lite and
Monorail
will have
a lesser
positive
impact
12. Aquatic Ecology | Construction Nil Nil Nil Nil
Phase
Operation Nil Nil Nil Nil
Phase
13. Land Use Construction Acquiring Loss of Medium -ve, P
Phase residential and livelihood
commercial areas
Operation Nil Nil Nil Nil
Phase
14. Socio Economic | Construction Acquiring built-up Loss of Major -ve, P
Profile Phase areas structures and
| DU K
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SI. . Project Activities . Degree Nature
Environment . Potential
NO | .l Parameters Project ivi Impacts s s
Phase Activity P Impact Impact
livelihood Major +ve, T
Requirement for
laborers Generation of
local
employment
Operation Improved Accelerated Major + ve, P
Phase connectivity socio-economic
growth Medium +ve, P
Increased for
accessibility for BRT/Metr
interior areas o Lite
and
Monorail
15. Solid Waste Construction Demolition of Causing Medium -ve, T
Management Phase buildings and hindrance to
structures and soil free flow of Minor -ve, T
from approaches traffic
Domestic waste Health impacts
from labour camp due to
improper
disposal
Operation Accumulation of Chance of Minor -ve, T
Phase dust and garbage accidents
on Station
platforms
16. Public Health Construction Construction of Chance of Minor -ve, T
Phase new elevated accidents
metro /monorail .
modified ROW for
BRT and Metro lite
Operation Free flow of traffic | Reduction in Major + ve, P
Phase accidents
17 Occupational Construction Construction work Accident risk Medium -ve, P
Safety & Health | Phase for construction
Lack of sanitation | Workers Major -ve, T
and safe drinking Chances of
water supply in water-borne
labour camps and vector
borne diseases
Operation Electrification of Electrocution of | Major -ve, P
Phase the track commuters &

workers

The reduction in pollution is highly depended on the efficiency of the mass transit system in attracting

(resulting to modal shift in favour of public transport) and carrying large number of passengers. Of

the proposed systems, BRT, Monorail and Metro lite are constrained with carrying capacity which is
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less than 50% of the estimated travel demand on the corridor and thus minimal positive impact on

the pollution from traffic.

While Metro is best suited to carry the estimated demand with very high capacity utilization, Heavy

Metro on the other hand is highly over capacity system when estimated demand is considered. Both

Metro and Heavy Metro would result in reducing traffic from roads and thus positive impact on

pollution reduction.

Mode Environment Aspect Quallta!tlve
Ranking

BRT Significantly lower impact to the traffic on the roads and hence 5
lesser reduction in pollution

Monorail Significantly lower impact to the traffic on the roads and hence 3
lesser reduction in pollution

Metro Lite | Significantly lower impact to the traffic on the roads and hence 3
lesser reduction in pollution

Metro High impact, caters to estimated demand leading to higher reduction 1
in traffic on the roads and hence higher reduction in pollution

Heavy High impact, caters to estimated demand leading to higher reduction 1

Metro in traffic on the roads and hence higher reduction in pollution

5.1.4 Social Impact

The mobility concerns to reach work/home on this corridor are increasing day by day. Most
IT staff spend considerable amount of time on the road while going to work or home. It is
estimated that the amount of time spent in traffic works to more than 1.5 hours on an
average during the peak hours. The travel time is going to be substantially cut down to about

one hour (half an hour travel time average) once the mass transit systems are in place.

Also the systems would provide the opportunity for the working personnel to choose more
favourable residential accommodation even if this is a bit farther, as the commuting time

would greatly reduce.

In this regard the BRT would have a much lower improvement to the society as it would
benefit much lower number of people. The Monorail and Metro lite would also not be as

beneficial as the other rail based systems.

Compared to metro system, the Heavy Metro would require more generous radii at the curves
to negotiate at the desired speeds. This would result in higher land take at the curves and

thus the R&R requirements.
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Land e
PHPDT — .
Mode 2041 Acquisition Social Impact Q::::::(a;'t:ve
Acres 9
BRT 8000 10 Very Low number of passenger catered 2
to. No land acquisition and displacements
for corridor development
Monorail | 15000 18 Low number of passenger catered to. 5
Land acquisition may be required for
station development. Land for depots
required
Metro 15000 10 Very Low number of passenger catered to. 4
Lite No land acquisition and displacements for
corridor development. Land for depots
required
Metro 33709 9.2 Would require lesser land than Heavy 1
Metro and hence lesser social impact.
Cater to the estimated passenger demand
Heavy 33709 30.1 Would require more land compared to 3
Metro Metro for corridor development for
smoother curves. Cater to the estimated
passenger demand. Land for depots
required
5.1.5 Cost Effectiveness and Affordability

The BRT system at grade will require very low investment. Since the rest of the alternatives
are to be necessarily grade separated from the road traffic, the cost per KM would be high. In
comparison to Metro systems, the viaducts and stations to accommodate heavy Metro system
will have to be heavier and hence would be more expensive. The Monorail has also proved to

be expensive.

Further the rolling stock for the heavy Metro will be larger due to its higher carrying capacity

thus making the systems costlier in capital expenditure as well as O&M.

The Metro Lite and the Mono Rail due to import requirements and more rolling stock
requirements (approximately 20% initially and 50% by 2041), the costs for the same is
expected to be higher compared to metro systems where the rolling stock is locally
manufactured. It is estimated the initial costs may be similar which may increase by 10% in

comparison with metro systems by 2041.
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Mode Cost effectiveness and affordability Quall_tatlve
Ranking

BRT Cost effective system 1

Monorail Most components are imported. The beam construction is
very technical. Cost per passenger may be equal to or more 4
than Metro

Metro Lite | Most components are imported. Cost per passenger may be 4
equal to or more than Metro

Metro Technology is now available in India and hence cost effective 1

Heavy Technology is now available in India and hence cost

Metro effective. However, when compared to metro systems, it 3
would more expensive

5.1.6 Economic Aspects

The system would benefit a huge number of people residing or working along and around the
corridor. Not only will users of the system get a direct benefit, the road network is expected
to get decongested and hence economic benefits in savings of time will also be accrued.
Comparatively, the Metro and a Heavy Metro systems are expected to offer same levels of
benefits and with Heavy Metro system being slightly expensive, metro systems is expected to

be economically more efficient.

The BRT and the Metro Lite have much lower impact on the road network since reduction in

road congestion is lesser as the system itself occupies part of the road space.

The Monorail does not pick up enough riders in relation to its cost and hence gives the least

economic returns.

. . Qualitative
Mode Economic Appraisal Ranking
BRT Passenger capacity low. Due to very low cost, economic 1
returns expected to be high.
Monorail Benefits are not high. system is very expensive 3
Metro Lite | Benefits are not high. system is very expensive 3
Metro Most efficient of the systems in economic terms, with
reasonable cost per passenger carried (for the demand 2
assessed)
Heavy Cost is significantly higher and hence the EIRR expected 3
Metro to be lower than Metro
| DU K
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5.1.7 Implementation
The implementation of the BRT/Metro Lite will pose challenges as the entire cross section is
to be reorganized. While this may not be situation for the elevated systems (Mono Rail, Metro
& Heavy Metro).In case of Metro Lite, integration is required between road traffic signals and
rail signal and communication system, which may prove to be complex.
The Monorail will require import. This could be very challenging and may delay project
implementation. Further the civil construction of Mono Rail is complex due to quality
requirements for the guideway to ensure smooth ride. The Mono Rail system being new to
much of experience in India, thus review and approvals may take time.
The implementation of the Metro/ Heavy Metro can be on the Median with no significant
impact of any underground utilities and the land acquisition will be minimal mostly limited to
station areas and is estimated at about 4.23 Ha.
The implementation of the Heavy Metro would require additional land to the tune of about
0.6 Ha (especially in curve locations) of intensely developed land which is expensive and
acquisition of which is a time consuming process. This situation may result in increased costs.
Mode Implementation Quallta_ltlve
Ranking
BRT Construction challenges due to reorganization of ROW 3
Monorail Import of goods can be a source of delay. Construction is guideway
is complex and not much expertise available with Indian 5
contractors.
Metro Lite Construction challenges due to reorganization of ROW. Integration
with road traffic signals may be complex as the system is not yet 4
implemented in India. Rolling stock will need to be imported initially
Metro With a lot of Metro construction happening in India, construction 1
and operation technologies are available
Heavy With additional land required in the intensely developed areas for
Metro alignment, it may be time consuming and expensive for 2
implementation.
5.1.8 Conclusion of the Preliminary Evaluation

Each system has been evaluated and ranked for each of the 8 parameters. The evaluation
and ranking for these parameters has been discussed in the above paragraphs and the same

has been summarized in the Table Below.
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SINo | Aspect BRT | Monorail | Metro Lite | Metro | Heavy Metro

1 | Mobility Aspects 5 3 3 1 1
2 | Engineering Aspects 1 3 3 5
3 | System Aspects 1 5 3 1 3
4 | Environment Aspect 5 3 3 1 1
5 | Social Impact 2 5 4 1 3
6 | Cost Effectiveness 1 4 4 1 3
7 | Economic Aspects 1 3 3 2 3
8 | Implementation 3 5 4 1 2

Overall Ranking 3 5 4 1 2

As can be seen from the discussion and individual and overall ranking, Metro system proves

to be most efficient and suitable system for the Silk Board-K R Puram Corridor.

5.2 Detailed Evaluation

5.2.1

Based on the preliminary analysis of the five systems considered have been discussed and
ranked in the earlier section. Further, the detailed evaluation under each of the parameters is

presented below.

Mobility Aspect

The mobility effect has been evaluated for following parameters:

- Meet the required travel demand for horizon year and beyond
- Intermodal Interchange

- Accessibility

- Increase public transportation ridership and mode share
Travel Demand

As indicated earlier, the Heavy Metro has the carrying capacity of about 60,000 PHPDT with 6
cars train running at 3 minute frequency, while the regular (in operation metro) metro has a
capacity of about 40,000 PHPDT considering a 6 car coach running at 3 min frequency. The
Metro lite and Monorail would have a maximum capacity of 15,000PHPDT. While the BRT
system would be able to handle up to 8000 PHPDT.

To cater to the estimated maximum travel demand of about 33,709 PHPDT, the metro
system is ideally placed to cater to the estimated travel demand(approx. 85% utilization) and
has the capability to add capacity through either reduced headway to 2.5min or through
addition of coaches for which, the civil infrastructure need to be planned and developed now
itself. This mean there is possibility of further increasing the carrying capacity of Metro upto
60,000 PHPDT.
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While the Heavy Metro would result in development of an over capacity system with about

only 56% capacity being utilized in the horizon year. The BRT system can cater to about 24%

of the demand while Monorail and Metro lite can cater to about 44% of the demand.

Summary is as below:

Year PHPDT | BRT | Monorail | Metro Lite | Metro | Heavy Metro
Carrying
8000 15000 15000 | 40000 60000
Capacity
2024 19573 | Fail Fail Fail 49% 33%
2031 26023 | Fail Fail Fail 65% 43%
2041 33709 | Fail Fail Fail 84% 56%

As can be seen from the table above the lower capacity systems such as BRT, Mono rail,

Metro lite fail to meet the estimated travel demand which is the basic criteria for selection of

system,in the opening year itself.

Scoring Criteria: Systems that would meet the demand for the horizon year i.e 2041, would

have 100% score and for the systems with lower carrying capacity the score has been

assessed based on the % demand they cater to.

PHPDT BRT | Monorail | Metro Lite Metro Heavy
Metro
8000 15000 15000 40000 60000
Horizon year Demand 0 0 o 0 o
2041-33709 24% 44% 44% 100% 100%
Meet Demand beyond i i Up to 50% Up to 100%
2041 increase increase
Score on a Scale of 4
Horizon year Demand
2041-33709 0.9 1.8 1.8 4.0 4.0
Meet Demand beyond
2041 0.0 0.0 0.0 4.0 4.0

Intermodal Interchange

Interchanges across different mass transit systems will be through common or connected

concourse while the corridors themselves may be at different level or at the same level with
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parallel platforms. However, in both the cases, the movement from one platform to the other
(if not common) will be through concourse. The interchange with other modes will be from
the ground level with pickup and drop facilities provides near the mass transit stations. With
concourse facility providing grade separated crossing facility for the passengers across the
road the safety of passengers is ensured.

For the at-grade systems such as BRT and Metrolite, smooth interchange is possible if the
stations are at intersections and for mid-block station locations, passengers need to cross the
road (either at-grade or through foot over bridge) road for the final dispersal and interchange

on to other road based modes for last mile connectivity.

Scoring Criteria: Three systems as Metro lite, Metro and Heavy Metro would offer same level
of interchange fadilities. Thus score of 100% is provided. While the at-grade systems would
have to negotiate the road or need to take foot-over bridge to reach the side of the road,
hence will undergo slight hardship for the interchange for the last mile connectivity. Thus a

lower score of 50% is provided for these systems

Intermodal . Metro Heavy
Interchange ER Sl Lite RERS Metro
Convenience 50% 100% 50% 100% 100%
Score on a 2.0 4.0 2.0 4.0 4.0
scale of 4

Accessibility

Monorail, Metro System and Heavy Metro are proposed to run on elevated tracks following
the same alignment with stations at one level above the ground. Access to these systems will

be through elevators, lift and staircase thereby providing facility or disabled to access.

While the BRT and Metrolite run at-grade in the center of the road. The access to these
stations is through at-grade road crossing if the stations are near the intersections and
through foot-over bridge if the stations are away from the intersection. Also the waiting area
is not fully protected for rain or heat. Thus make lesser convenience for the passengers

waiting for the service.

Scoring Criteria: The three systems as Monorail, Metro and Heavy Metro offer direct
accessibility without having to cross the road as the station access is provided from both
sides and thus offer comparable level of accessibility to the passengers. Thus score of 100%
/s provided.
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However, for the passenger of BRT and Metro lite, the safety while accessing the stations and

comfort in waiting is lower in comparison to other higher order systems. Thus a lower score

for BRT and Mero lite systems

- . Metro Heavy

Accessibility BRT Monorail Lite Metro Metro

Safety and comfort 50% 100% 50% 100% 100%
Score on a scale of 4 2.0 4.0 2.0 4.0 4.0

Increase Public Transportation Ridership and Mode Share

The travel demand forecast for the sustainable transportation alternative has estimated
increase of public transport mode share from the current levels of 49% to about 70%. The
proposed Central Silk Board to K R Puram mass transit corridor is part of the overall plan of
mass transit network proposed under sustainable mobility option by CMP. The mode share
expected to increase once all the corridors as envisaged in CMP are developed. The systems
as metro and heavy Metro are capable of meeting the required travel demand for 2041, the
comparative effect on the mode share is expected to be same. However, all other systems
(BRT, Monorail and Metro lite) would be able to cater to less than 50% of the demand and
hence, would not be able to contribute much in increasing the public transport ridership. This

situation would further aggravate the congestion on roads.

Scoring Criteria: The travel demand for 2041 for metro and heavy Metro systems offer same
level of influence on the mode share in favour of Public Transport, while BRT, Monorail,
Metrolitewould not contribute increasing public transport share to the desired levels of

sustainable transportation.

Parameter BRT Monorail Me_etro Metro L
Lite Metro
Increase Public
) . ) 24% 44.5% 44.5% 100% 100%
Transportation Ridership
Score on a scale of 4 0.9 1.8 1.8 4.0 4.0
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Summary of Scores

The summary of scores of alternate systems considered for evaluation for mobility is as below

. Hea
A Weightage | BRT | Monorail | Metrolite 20 Y
Parameter System Metro
Meet the required
travel demand (upto 4 0.9 1.8 1.8 4.0 4.0
2041)
Meet Future Demand
(beyond 2041) 4 0.0 0.0 0.0 4.0 4.0
Intermodal 4 2.0 4.0 2.0 4.0 4.0
Interchange
Accessibility 4 2.0 4.0 2.0 4.0 4.0
Increase Public
Transportation
Ridership and Mode 4 0.9 1.8 1.8 4.0 4.0
Share
Total Weighted 20 59 | 11.6 7.6 20.0 20.0
Score

5.2.2 Engineering Aspect

Available Right of Way

The available ROW along the corridor vary from 35m to 60m. The BRT, Metro lite being at-

grade corridors would occupy maximum space on ground approximately 9m. While the Mono

rail, Metro and Heavy Metro are developed on elevated viaducts and thus the foot print on

the ground is limited to central pillar along the alignment and additional pillars where

alignment is off the center and near stations. The pillars carrying the elevated corridor will be

located in the median of width approximately 2.5m to 2.8m. Additional pillars will be used

where the alignment is off the central median and near stations.

Thus development of Metro would use lesser road foot print and meet fully the passenger

demand. Though mono rail also uses the less foot print of ground, would not meet the

demand and thus per passenger foot print would be higher compared to Metro system.

The typical cross sections for different systems are presented below:
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TYPICAL CROSS SECTION - HEAVY METRO

Scoring Criteria: Additional space is required at stations and may be at locations where the
alignment is required to be outside the road space (especially at curves). The available ROW
Is favorable for the development Metro or Heavy Metro.The scoring Is using the ground foot
print per 1000 PHPDT.

Metro
System

Heavy

LA Metro

Parameter Monorail | Metro Lite

Foot Print, m 9.2 2.8 9.0 2.8 2.8

Score on a scale of 2

0.1 0.9 0.3 2.0 2.0

Suitability of Geometric Parameters

The development of BRT or Metro lite would require complete reorganization of cross section
as about 9-11m of land along the center line would be used for development of BRT/ Metro
Lite. Existing service road may need to be removed to accommodate the at-grade BRT/ Metro

lite.
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The alignment is passing through the already developed outer ring road and using the central
reserve for placing the viaduct pillars. Thus for Mono rail, Metro or Heavy Metro, the
utilization of central part would be temporary and only the existing central verge will be used
on permanent basis for the viaduct pillars and thus the pillar line would act as central median
for the road corridor.

Mostly the alignment has good geometrics except at few locations where the alignment need
to go out of available road space for accommodating Heavy Metro. For Metro, this
requirement is negligible.

Scoring Criteria: The geometric parameters do not have any adverse impact other than
additional LA at curve locations. Complete reorganization of cross section is required for the
development of BRT or Metro lite systems. (Metro and monorail is set as 100%. For heavy

Metro the score is proportionately reduced in line with Additional land requirements at

curves).
. . Metro Heavy
Parameter BRT Monorail | Metro Lite System Metro
Geometric Parameters 90% 100% 90% 100% 90%
Score on a scale of 2 1.8 2 1.8 2 1.8

Constructability

The BRT and Metro lite systems are developed at-grade and there are no apparent difficulties
for construction. Also, the elevated systems for Mono rail, Metro and Heavy Metro are
developed mostly within the ROW and soil parameters do not have any adverse impacts for
the development.

Scoring Criteria: All the systems score more or less equally on the constructability except for

the level of works involved.

Parameter BRT Monorail | Metro Lite — A2
System Metro
Constructability 100% 80% 100% 80% 70%
Score on a scale of 3 3 2.4 3 2.4 2.1

Extent of Land Acquisition

There will not be any land required for the BRT or Metro lite system as the same shall be
accommodated in the available ROW. However, land will be required for the development of
depot and workshops for all the systems except for Metro as the existing depot near

Baiyappanahalli can be used after remodeling the same to accommodate for the present

i S K

Page 5-20



méio )

Alternatives Analysis for Phase 2A Metro Corridor

corridor requirements. The estimated land requirements for each of the alternate systems

and the scoring is given in the table below.

Scoring Criteria: The least land requirement is considered for full score and for other, the

score [s proportionate.
Parameter BRT Monorail | Metro Lite 1540 EEY
System Metro
Land requirements for
alignment, depot/workshop 6 18.3 10 9.2 30.1
(Acre)
% compared to the least (BRT) 100% 305% 167% 153% 502%
Score on a scale of 3 3.0 1.0 1.8 2.0 0.6
Summary of Scores
The summary of score for the Engineering aspect is as below:
Evaluation Weightage . Metro Metro Heavy
Parameter a7 | el Lite System Metro
Utilization of
Available ROW 2 0.1 0.9 0.3 2.0 2.0
Geometric 2 1.8 2 1.8 2 1.8
Parameters
Constructability 3 3 2.4 3 2.4 2.1
Extent of LA 3 3.0 1.0 1.8 2.0 0.6
Total Weighted | ;59 | 70| 6.3 6.9 8.4 6.5
Score

5.2.3

System Aspects

Interoperability with Existing Systems

The present system operating in Bangalore city is a Metro system. Thus the Metro system if

provided, would offer sharing of assets and facilities such as coaches, maintenance facilities

etc.

While for other systems as Metro lite, Mono rail, Heavy Metro, the system configuration and

maintenance requirements being different would require a separate set up which if to be

developed for only one corridor may not result in optimum use. For BRT, the rolling stock

being additional, would require additional facilities (if no spare capacity available at the

existing depots close to the corridor) to accommodate the additional rolling stock.
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Scoring Criteria: Metro System would be more beneficial in case of interoperability as there is
already an existing facility close to the corridor and the same can be utilized. While Heavy Metro,
Metro lite, Mono rail would require additional facilities and would not offer any interoperability in
city mass transit system. BRT system If the rolling stock to be procured is similar to the existing
fleet of buses, interoperability may be considered, however the station design need to be in line
with the bus designs thus can be considered as partially interoperable (Good interoperability
100%, partial interoperability 50%, Poor interoperability 0%)).

Parameter BRT Monorail | Metro Lite . L
System Metro
Interoperability 50% 0% 0% 100% 0%
Score on a scale of 5 2.5 0 0 5 0

Safety and Comfort

The system parameters on safety and comfort for Monorail, Metro and heavy Metro would be
similar. Thus the three systems are expected to have similar coaches offering comparable

comfort levels. The geometrics being little better for Heavy Metro system.

However, for BRT and Metro lite, the bus stations are like normal bus stops and do not offer
full protection from adverse climate and rain. Also the ride on BRT is similar to normal bus.

Ride on Metro lite being on rail wheels and thus offer better comfort compared to bus.

Scoring Criteria: The three systems Mono rail, metro and Heavy Metro would offer same level
of safety and comfort to the passengers. While Metro lite would offer comparable ride
comfort but safety and comfort at the stations is lesser. For BRT, both ride comfort and
safety would be lesser compared to Metro or Heavy Metro (Good safety and comfort 100%,
Moderate safety and Comfort 50%, Poor safety and comfort 25%)

. . Metro Heavy
Parameter BRT Monorail | Metro Lite System Metro
Safety and Comfort 25% 75% 50% 100% 100%
Score on a scale of 3 0.75 2.2 1.5 3 3
Expandability

System wise, both Metro and Heavy Metro can be expanded by reducing the headway to 2
min. This would result in approximately 50% increase in capacity addition. However other

systems have limitations on the capacity and do not offer expandability.

Scoring Criteria: it can be concluded that both metro and Heavy Metro systems offer flexibility
In expanding. (Expandable 100%, Poor expandability 0%)
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Parameter BRT Monorail | Metro Lite LB L=
System Metro
Expandability 0% 0% 0% 100% 100%
Score on a scale of 5 0 0 0 5 5

Indigenous availability of Rolling Stock

In the initial phases of metro development in India, the coaches were imported.
Subsequently, metro coach manufacturing is available now in India with BEML (through
technical collaboration) is manufacturing and supplying metro coaches. Thus the technology
and coach manufacturing is available in India for both Metro and Heavy Metro. However,
Metro lite, Mono rail technologies are yet to be developed in India. Currently, these are
required to be imported till these systems are widely adopted across cities in India to pave
way for manufacturing base. BRT systems adopts normal buses with or without modification
to the body and local manufacturing base is available.

Scoring Criteria: BRT, Metro and heavy Metro rank at same level on the availability of rolling
stock, while Metro lite and Mono rail needs import. (Availability of Rolling Stock 100%, having
to import Rolling Stock 0%)

. . Metro Heavy
Parameter BRT Monorail | Metro Lite System Metro
Indigenous availability
. 100% 0% 0% 100% 100%
of Rolling Stock
Score on a scale of 2 2 0 0 2 2

Summary of Scores

Summary of score assessed for various alternatives considered under system aspects is as

below:
Evaluation . . | Metro Metro Heavy
Parameter R e Lite System | Metro
Int.er_operablllty with 5 25 0 5 0
Existing Systems
Safety and Comfort 3 0.75 2.2 1.5 3 3
Expandability 5 0 0 5 5
Indigenous
availability of Rolling 2 2 0 2 2
Stock
Total Weighted 15 5 2 15 10
Score
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5.2.4 Environmental Aspects

Preserve Natural Environment

The alignment is not passing through any sensitive areas, however, trees along the alignment
(in the central median) and near station areas may require to be removed to allow
construction of mass transit system and stations.

In case of Heavy Metro, to accommodate smoother radii at curves, the alignment may require
to run on lands adjoining the road which are mostly private properties.

Scoring Criteria: It may be considered that there is no adverse impact on the natural environment
due to the development of BRT, Metro lite, Mono Rail, Metro or Heavy Metro. (Adverse impact 0%,
minimal impact 100%)

Metro Heavy

Parameter BRT Monorail | Metro Lite
System Metro

Impact on Natural

. 100% 100% 100% 100% 100%
Environment

Score on a scale of 3 3 3 3 3 3

Reduce Pollution

The proposed development of mass transit system is expected to promote and encourage
mode shift in favor of public transport. It has been estimated that the mode share is
expected to improve to about 70% from the current 49% (approx.) with the development of

mass transit network as envisaged in CMP.

Both Metro and Heavy Metro systems have the capacities to cater to the estimated travel
demand on the corridor for the horizon year 2041 and have the capability to further enhance
their capacities if required. Thus the reduction of traffic from road and thus the road traffic

related pollution reduction is the highest in the case of Metro/ Heavy Metro.

However, the BRT, Mono rail and Metro lite would not be able to cater to the estimated travel
demand thereby the reduction of vehicles from the road are lesser in the case of these three

systems.

The estimated reduction in emissions in ton/day from reduction of use of various private

modes is as below and the details of assessment are included as Appendix A:

Mode Cco HC PM Nox C02

BRT
Car 0.04 0.00 0.00 0.00 5.84
Two Wheeler 0.65 0.47 0.02 0.09 96.41
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Mode co HC PM Nox Co2
Auto 0.12 0.04 0.00 0.01 17.71
Bus 0.08 0.00 0.01 0.14 17.48
BRT Bus -0.15 -0.01 -0.01 -0.27 -32.67
Total 0.9 0.5 0.0 0.2 137.4
Monorail
Car 0.17 0.02 0.00 0.01 25.57
Two Wheeler 1.21 0.88 0.04 0.16 180.77
Auto 0.22 0.07 0.01 0.01 33.21
Bus 0.14 0.01 0.01 0.25 30.32
Total 1.8 1.0 0.1 04 269.9
Metrolite
Car 0.17 0.02 0.00 0.01 25.57
Two Wheeler 1.21 0.88 0.04 0.16 180.77
Auto 0.22 0.07 0.01 0.01 33.21
Bus 0.14 0.01 0.01 0.25 30.32
Total 1.8 1.0 0.1 04 269.9
Metro/ Heavy Metro
Car 0.39 0.04 0.01 0.03 57.47
Two Wheeler 2.73 1.97 0.10 0.37 406.24
Auto 0.50 0.15 0.02 0.02 74.64
Bus 0.32 0.01 0.02 0.57 68.14
Total 3.9 2.2 0.1 1.0 606.5

Scoring Criteria: The maximum savings or reduction in pollution is estimated for Metro and

Heavy Metro and thus these systems score full and other systems, the scoring has been

reduced proportionately.

. . Metro Heavy

Parameter BRT Monorail | Metro Lite System Metro

Pollution Reduction 24% 44% 44% 100% 100%
Score on a scale of 4 1 1.8 1.8 4 4
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Protect Natural Cultural Heritage

There are no natural heritage structures getting affected due to the development.

Scoring Criteria: The ranking of all five systems is expected to be same as there is no impact
on heritage. (No impact on heritage 100%)

Parameter BRT Monorail | Metro Lite L AL
System Metro
Protect on Natural 100% 100% 100% 100% 100%
Cultural Heritage
Score on a scale of 3 3 3 3 3 3
Summary of Scores
Summary of scores under environmental aspects is as below:
Evaluation Weightage . | Metro Metro Heavy
Parameter R Lite System Metro
Pres_erve Natural 3 3 3 3 3 3
Environment
Reduce Pollution 4 1.0 1.8 1.8 4 4
Protect  Natural
Cultural Heritage 3 3 3 3 3 3
Total Weighted 10 7.0 7.8 7.8 10.0 10.0
Score

5.2.5 Social Impact
Social Benefits
With the development of mass transit system (Metro or Heavy Metro), there will be reduction
in pollution along the alignment, improved and alternative transport facility will be available,
the property valuation will go up etc. These benefits will be in proportion to the demand
these systems are catered to. Metro and Heavy Metro cater to the full demand estimated for
the corridor. BRT, Mono Rail and Metro lite would be able to cater to only part of the demand
(less than 50% of total demand estimated for horizon year).
Scoring Criteria: Score of 100% shall be for systems which can cater to the estimated
demand and for systems with lesser capacity, social impact score will be proportionate to
their carrying capacity.
Parameter BRT Monorail | Metro Lite ) Heavy
System Metro
Social Benefits 24% 44% 44% 100% 100%
Score on a scale of 5 1.2 2.2 2.2 5 5
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Displacement of People

This is directly related to the land acquisition. As discussed in section 5.2.2, the land
acquisition requirements are higher in case of Heavy Metro development and thus the
displacement of people. For purpose of this analysis only the land acquisition required for the
development of alignment and stations is considered.

The BRT, Metro lite, there is no land acquisition expected for the development of corridor. For
development of Mono rail, no land acquisition is expected for the development of alignment
but LA would be required for the stations and is expected to be in line with the requirements
of Metro. For Metro approximately 4.2 Ha of land acquisition is estimated for alignment and
stations of which only 10% account for alignment (i.e 0.42Ha). Heavy metro would require
additional land acquisition for alignment to accommodate smoother curves.

Scoring Criteria: No LA is considered for maximum score and the maximum LA in the case of
Heavy Metro is considered for lowest score of 0. All other scores are calculated through
Interpolation. The heavy Metro option will have about 10% more land acquisition and thus

people being displaced.
. . Metro Heavy
Parameter BRT Monorail | Metro Lite System Metro
Displacement of People 0% 78% 0% 87% 100%
Score on a scale of 5 5 1.1 5 0.6 0

Summary of Scores

Summary of scores under Social aspects is as below:

Evaluation | Weightage : Metro Metro Heavy
Parameter | blzimel] Lite System Metro
Social
Benefits 5 1.2 2.2 2.2 5 5
Displacement 5 5 11 5 06 0
of People
Total
Weighted 10 6.2 3.3 7.2 5.6 5.0
Score

5.2.6 Cost Effectiveness and Affordability

The cost effectiveness is measured in the cost of system per unit of passengers carried each
day. The daily passengers carried by different systems estimated for the horizon year is as
below:
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Parameter BRT Monorail | Metro Lite | Jicvro | Heavy
System Metro
Passengers Carried (Lac) 1.38 2.59 2.59 5.83 5.83

The cost of development of each of the systems is estimated based on the available reports
for the Bangalore Metro, life cycle cost analysis report by IUT (the rates have been escalated
from 2012 to 2019). For the rolling stock, the rates for Mono rail and Metro lite has been
considered in similar lines as that of Metro (which is being produced in India) considering the
import requirements. The rolling stock is estimated adopting the methodology suggested in
“Life Cycle Cost Analysis of Five Mass Rapid Transit Systems”. The estimation of rolling stock

for the opening year is as in the Table below.

Type of system
Parameter

BRT | Monorail | Metrolite | Metro | Heavy Metro
Max PHPDT 8000 15000 15000 | 19573 19573
Section Length in Km 17 17 17 17 17
Average Speed (Kmph) 25 30 34 34 34
Carrying Capacity per Train 80 480 560 | 1574 1760
Rake (No. of cars) 1 4 3 6 6
Rakes single direction 100 18.5 13 7 7
Headway 0.6 2 2.5 5 5
Rakes (both direction) 168 37 26 14 14
Rakes (Repair & Maintenance) 9 3 2 2 2
Total Rakes Required 186 40 28 16 16
Total no of Coaches/Cars 186 160 84 96 96
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Thus estimated cost of development of each of the systems is as below:

Table 5-2: Cost of Development Mass Transit Systems (INR Cr.)

Total Cost | Total Cost Total Cost -
Item (in Rs Crore) Tgt:_:_ Cost | _ Mono - T:;:Lf:ﬂ Heavy
Rail Metrolite Metro
Elevated

Alignment and Formation 204 544 640 802 782
Station Buildings 34 208 208 485 507
Permanent Way - - 119 174 187
Traction & power - 170 170 311 340
Signaling ( Including Depot, OBE) 44 145 145 143 153
Telecommunication ( Station + Depot) 13 51 51 62 68
g;xstt(;matic Fare Collection(AFC) 24 33 33 46 59
Rolling Stock 112 960 672 768 807
Depot 30 125 100 207 250
Other Elements 14 170 170 236 476
Land (incl. Depot) 600 400 400 559 750
Total Cost (Including Land) 1,075 2,806 2,708 3,793 4,372
Total Cost (Excluding Land) 475 2,406 2,308 3,234 3,622
Taxes @ 15% (Excluding Land) 71 361 346 433 543
Contingency @ 3% (Excluding Land) 14 72 69 110 109
:EDs:::aIation During Construction and 163 827 793 1111 1,244
Total Cost 1,324 4,066 3,916 5,447 6,268
Total Cost per Lakh Passenger 959 1,570 1,512 934 1,075

The O&M expenses are approximately estimated at 2.5% of the capital cost of the project.

Scoring Criteria: The score for the least cost of development per lakh passengers carried is
given the highest and for rest of the systems, the score has been reduced proportionately.
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Metro Heavy

Parameter BRT Monorail | Metro Lite
System Metro

Cost effectiveness &

Affordability | 2°° 1,570 1,512 934 1,075

Score on a scale of 15 14.6 8.9 9.3 15 13.0

5.2.7 Economic Aspects

The proposed mass transit system is expected to bring in benefits to the users and non-users
in terms of savings in vehicle operating costs, time savings, savings in alternate infrastructure
development, savings due to reduced accident costs, reduced pollution etc.

The benefits that could be accrued due to different systems is highly depended on their
capacity to cater to the demand and the cost of development of the system. The summary of
estimated EIRR for the different systems considered Metro and Heavy Metro option is
presented in the Table below. The economic benefits for BRT system is high primarily due to
its cost of development. When compared to other higher capacity systems, it can be noticed
that Metro System offers the highest economic return for the investment.

Scoring Criteria: Highest EIRR is given maximum score and for other systems proportionately.

Parameter BRT Monorail | Metro Lite et e

System Metro

Economic benefits 36.7% 21.6% 22.3% 22.0% 18.2%
Score on a scale of 15 15.0 8.9 9.1 9.0 7.5

5.2.8 Implementation

The implementation of the mass transit system will be taken up by the SPV (the
implementation mode is discussed in Chapter 6). The Mono rail, Metro and Heavy Metro will
be built mostly on the elevated viaduct on the median along the ring road between K R
Puram and Central Silk Board.

For BRT and at-grade Metro lite development where the entire road cross section will be
reorganized will require additional efforts in the planning and execution.

Extra efforts would be required in the acquisition of additional land for the development of
heavy Metro which is to the tune of about 10% more than land required for the development
of metro. Land required for the alignment development for the mono rail shall be for the
stations only and similar to that required for Metro. Additionally, all systems except Metro
system would require Depot for operations and for Metro, remodeling of existing depot near
Baiyappanahalli would be required.

Scoring Criteria: Implementation efforts are considered same for all the systems except for
heavy metro due to higher LA efforts in highly developed area and construction.
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Parameter BRT Monorail | Metro Lite —— L2y
System Metro
Implementation 90% 90% 90% 90% 80%
Score on a scale of 5 4.5 4.5 4.5 4.5 4

5.3 Alternatives Evaluation

Evaluation of the alternatives considered are discussed in detail in the previous section. The
summary of the results is given in Table 5.3.

Table 5-3: Evaluation of Alternatives

'\SI:;. Criteria Weightage BRT Monorail ML?:;O Sh;:tt;; II:Ideeat\rlg
1 Mobility Aspect 20 5.9 11.6 7.6 20.0 20.0
2 Engineering Aspect 10 7.9 6.3 6.9 8.4 6.5
3 System Aspects 15 5.3 2.2 1.5 15.0 12.5
4 Zzgzstr;me"ta' 10 7.0 7.8 7.8 10.0 10.0
5 Social Impact 10 6.2 33 7.2 5.6 5.0
6 g;’;t Affofzfaegitl'i‘; j”ess 15 14.6 8.9 9.3 15 13.0
7 Economic Aspects 15 15.0 8.9 9.1 9.0 7.5
8 Implementation 5 4.5 4.5 4.5 45 4.0

Total Score 100 66.4 53.5 53.9 87.5 78.5

It can be seen from the above scoring of alternate systems, Metro system scores the highest
and emerges as the most appropriate system for implementation.

5.4 Conclusion and Recommendation

From the quantitative evaluation of parameters for BRT, Monorail, Metrolite, Metro System
and Heavy Metro, it can be inferred that Metro System with a score of 87 is higher than other
transit modes. Followings are major inferences form quantitative analysis:

a) BRT system has limited capacity (up to 8000 PHPDT), while the required travel demand
to be catered to is 33,709 PHPDT for 2041, which clearly BRT will not be able to cater. As

a minimum, BRT system development would require dedicated corridor of about 9.0 m at

mid-section and about 10-11m at bus stop locations. This will impact availability of road

space for other users. There are major intersections along the route, which BRTS need to

negotiate and also congestion at these intersections is so high, that high frequency

movement of BRT vehicles would result in further worsening of situation at these

intersections often outweighing benefits that may accrue due to BRTS development.

Considering these, it is clear that BRT is not suitable system for this corridor.
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b) Mono Rail system has lower capacity (up to 15,000 PHPDT) while the required travel
demand to be catered to is 33,709 PHPDT for 2041, which clearly Mono Rail will not be
able to carry. There is not much of experience in the development and operation of Mono
Rail in India except for Mumbai. The Mono Rail requires sophisticated civil construction
for the guideway to ensure smooth ride. Further the train sets are to be imported adding
to the cost. With lower carrying capacity, system has to be run lower headways, thus
requiring large number of rolling stock and advanced signalling system. This situation
makes the Mono Rail development expensive. Considering above it is clear that
Mono Rail is not suitable system for this corridor.

c) Metrolite system has lower capacity (2000 to 15,000PHPDT) while the required travel
demand to be catered to is 33,709 PHPDT for 2041, which clearly Metrolite will not be
able to carry. This system is comparatively new and there is not much of experience in
the development and operation of Metrolite in India. Like BRT system, Metrolite
development would require dedicated corridor of about 8.0 metre at mid-section and
about 9-10 metre at station locations. This will impact availability of road space for other
users. There are major intersections along the route, which Metrolite need to negotiate
and also congestion at these intersections is so high, that high frequency movement of
Metrolite would result in further worsening of situation at these intersections often
outweighing benefits that may accrue due to Metrolite development. Considering
above it is clear that Metrolite is not suitable system for this corridor.

d) Metro Rail System is a medium capacity transit system having the passenger throughput
between 20,000 PHPDT to 60,000 PHPDT. While the required travel demand for this
corridor is 33,709 PHPDT, which clearly indicates that Metro System can easily fulfill the
required travel demand for this corridor. This system is more familiar with Indian
conditions and many cities are having this system. The rolling stock requirement can be
met within India since number of companies are having manufacturing base in India. This
system offers interoperability with existing mass transit systems in the city. Hence, the
Metro Rail System is perfectly fit for this corridor.

e) Heavy Metro is a very high capacity transit system which can have the passenger
throughput up to 90,000 PHPDT. While the required travel demand for this corridor is
33,709 PHPDT, which clearly indicates that Heavy Metro System will be underutilised for
this corridor. Further this system demands more liberal curves leading to higher land take
and heavier civil structures compared Metro system. With these, adopting Heavy
Metro system will be expensive and hence not recommended.

Based on above analysis, it emerges that Metro Rail System is the most viable
mass transit mode for the Phase 2A corridor.
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6 Implementation Options for Viable Alternative

Based on both qualitative and quantitative screening carried out in previous chapters, Metro Rail
System has emerged as the most viable alternative mass transit system for the proposed corridor
connecting Silk Board to K R Puram.

As per New Metro Rail Policy 2017, it is essential to explore private participation either for complete
provisioning of metro or for some unbundled components such as Automatic Fare Collection System.
As per Metro Rail Policy, implementation options need to be explored for seeking Central Financial
Assistance (CFA).

6.1 Implementation Options

The various options for central financial assistance for metro projects as detailed in the Metro Rail
Policy are:

i Public Private Partnership(PPP)
ii.  Grant by the Central Government
ili.  Equity Sharing Model
These options have been discussed in brief in the following paragraphs.

6.1.1 Public Private Partnership (PPP)

A Public-Private Partnership is a collaborated effort between the private and public sectors to meet

the paucity of capital investment for the development of infrastructure.

The PPP model as a part of the New Metro Policy 2017 aims at lessening the burden on the Central
government in funding metro projects. Accordingly, the Government of India has made Public-Private
Partnership (PPP) component mandatory for states for availing central assistance of new metro
projects as part of its New Metro Rail Policy, 2017. Private investment and other innovative forms of
financing of metro projects have been made compulsory to meet the huge resource demand for
capital-intensive high capacity metro projects. As per the New Metro Policy 2017, “Private
participation either for complete provision of metro rail or for some unbundled components (like
Automatic Fare Collection, Operation & Maintenance of services etc) will form an essential

requirement for all metro rail projects seeking central financial assistance”

Phase -2A passes through a crucial IT corridor of Bangalore and has several important IT giants like
Intel, each employing 30,000 employees on their campuses on this alignment, BMRCL approached
them with an offer to provide direct access for their facility / campuses to the Metro concourse , with
a view to increasing the footfall and their revenues for Metro as well as reducing the unimaginable
traffic sharls and pollution on the road, Thus the DPR provides for Upfront- PPP by offering a bundle
of rights including naming rights, advertising space, commercial space for a period of 30 years and

provision of direct access to their facilities through dedicated walkway below metro viaduct for a
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period of 99 years. The amount so estimated through this upfront PPP is nearly USD 70-100 million
and an amount of Rs 500 crore has been projected as proceeds from this Innovative financing
scheme in the funding pattern and thereby optimizing GOI/GOK funding to that extent. Thus, a
specific bundle of components has been posed to large corporate companies named under the

Innovative Financing Scheme as reflected in the funding pattern of the Project.

Under this mode, the private player shall be contributing to the cost and BMRCL shall be providing
bundle rights by way of the following:

¢ Providing connecting bridge to the company from concourse level of the station.

Here the company shall have a two access points from the concourse level of the station or from the
walkway. The Company shall construct the connecting bridge from such access points to the
facility/property at their cost. The proposed system will provide a variety of benefits such as savings
in fuel consumption, vehicle operating costs, travel time, reduction in road accidents, reduces air
pollution and related health care costs but also improve the quality of life of employees besides
improving productivity. The connectivity to the premises of the company shall be for a period of 99

years. There will be substantial economic benefits from this facility.

e Branding & Advertisement Rights

Under this right, the company would be entitled to branding rights of the station wherein the name of
the station shall be determined by the company and may include as prefix the name of the company.
Further the company shall be entitled to utilize wall space in the station premises for advertising
activities of the company. The period granted to company initially will be for 30 years. The company
shall not be required to any rental fee, premium or share of revenue with use of space as the

consideration is already contributed by the company as per terms of MOU.

e Space for commercial activity

The company shall be entitled a specific area in the station for commercial development for the
agreed duration of the period. The scope of the commercial development shall include retail stores,
food and beverage and other kiosks. The company shall not be required to pay any rental fee, share
of revenue etc with use of space for commercial activity as the consideration is already contributed

by the company as per terms of MOU. The period granted to company initially will be for 30 years.

However, the success of PPP will depend critically on appropriate allocation of risks, responsibilities,
rewards and penalties, and create the incentives for value creation. In principal, risk allocation should

be based on the ability of the entity best equipped to manage that risk.

Any infrastructure project generally goes through the following phases:
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Construction

Project Pre-Construction Construction

Operation

Preparation Activities

Maintenance (O&M)

Each phase is susceptible to different types of risks. A PPP can be established during either in
Construction phase / Operation & Maintenance phase; and both Construction and O&M phase. Based
on the PPP models adopted across various sectors in India, the explored models of PPP are presented
in Figure 6.1. Central financing for this model will be governed by the Viability Gap Funding (VGF)
scheme of Government of India.

Public Entity
partnering with a
Private Entity
during

|
both

Construction

[
|
O&M Phase
and O&M Phase
|
|
Ope_ratlonal & Maintenance Non-Core DBFOT with
Maintenance . ) — -
. Services Services VGF/ Premium
Services
DBFT with DBFOT with
_ _ _ B
— Net Cost

Figure 6-1: PPP MODELS

Phase

DBFT with
Annuity

DBFOT with
Hybrid Annuity

PPP Models for Metro Rail during Construction Phase

6.1.1.1.1 Development of Metro Rail System on Government Land - Design, Build, Finance and Transfer (DBFT) with

Annuity.

Under this model, the public authority will provide land to the selected private developer for a definite
period (Concession Period). The private partner will develop the infrastructure with its own funds and
funds raised from lenders at its risk (that is, it will provide all or the majority of the financing). The
authority shall be responsible for operating (supply and running of rolling stock) and managing the
infrastructure life cycle (assuming life-cycle cost risks).

o
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The bid parameter in such projects is generally annuity which is a fixed amount paid to the private
partner post-construction during the concession period. The fee is generally financed through the
funds coming from users after covering O&M expenses and long-term maintenance. If these funds
are insufficient to meet the Annuity pay-out, the Authority shall have to arrange/finance the same

through State/ Central Government.

6.1.1.1.2 Development of Metro Rail System on Government Land - DBFT with Hybrid Annuity

This model is similar to DBFT with Annuity expect for one major difference — The private entity
receives certain amount (% of capital cost) during construction phase while the remaining project
cost is paid out as annuity during operation & maintenance phase. Along with the annuity payments,
interest shall be paid in the form of annuity on reducing balance of final construction cost. Interest

rate for the same shall be prevailing Bank rate + 3 %.

6.1.1.2 PPP Models for Metro Rail during O&M Phase — O&M Services
6.1.1.2.1 Operation and Maintenance Services on Cost + Fee Model

Under this model, post-construction of civil assets, the private partner installs the system (signaling
and electrical assets), procures rolling stock and operates and maintains all these assets. The
authority collects all the revenue and pays the private entity a monthly/ annual payment for
operations and maintenance of the system. The remuneration given could comprise of a fixed fee

and a variable component, which would depend on the quality of service provided.

6.1.1.2.2 Operation and Maintenance Services on Gross Cost Model

Under this model, post-construction of civil assets, the private partner installs the system, procures
rolling stock and operates and maintains all the assets. The authority collects all the revenue and the

private entity is paid an agreed fixed sum for the duration of the contract.

6.1.1.2.3 Operation and Maintenance Services on Net Cost Model

Under this model, post-construction of civil assets, private partner installs system, procures rolling
stock and operates and maintains all the assets. The private entity collects the complete revenue
generated from the services provided. In case, the revenue generated is lower than O&M cost, the
Authority may agree to compensate the difference in cost to the private entity while finalizing the

agreement.

6.1.1.3PPP Models for Metro Rail during O&M Phase — Maintenance Services

6.1.1.3.1 Maintenance Services on Cost + Fee Model
Under this model, post-construction and installation of system including provisioning of rolling stock
by public authority, the private partner is awarded the contract to maintain all the assets. The

authority collects all the revenue and pays the private entity a monthly/ annual payment for
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maintenance of the system. The remuneration given could comprise of a fixed fee and a variable

component, which would depend on the quality of maintenance.

6.1.1.3.2 Maintenance Services on Gross Fee Model

Under this model, post-construction and installation of system including provisioning of rolling stock
by public authority, the private partner is awarded the contract to maintain all the assets. The
authority collects all the revenue and the private entity is paid an agreed fixed sum for the duration

of the contract.

6.1.1.4PPP Models for Metro Rail during O&M Phase — Non-Core Services

6.1.1.4.1 Non-Core Services on Cost + Fee Model
For carrying out certain non-core activities such as Automated Fare Collection system, Housekeeping,
Non-Fare Revenue Collection etc., a private entity may be selected who shall be paid a monthly/
annual payment for undertaking these activities. The remuneration given could comprise of a fixed

fee and a variable component, which would depend on the quality of service provided.

6.1.1.4.2 Non-Core Services on Gross Fee Model
For carrying out certain non-core activities such as Automated Fare Collection system, Housekeeping,
Non-Fare Revenue Collection etc., a private entity may be selected who shall be paid an agreed fixed

sum for the duration of the contract.

6.1.1.5PPP Models for Metro Rail during both Construction and O&M Phase

6.1.1.5.1 Development of Metro Rail System on Government Land - Design, Build, Finance, Operate and Transfer (DBFOT)
with VGF/Premium

Under this model, the public authority will provide land to the selected private developer. The private
partner will develop the infrastructure with its own funds and funds raised from lenders at its risk
(that is, it will provide all or the majority of the financing). The contractor is also responsible for
operating (supply and running of rolling stock) and managing the infrastructure life cycle (assuming
life-cycle cost risks) for a specified number of years. To carry out these tasks, the private partner, will

usually create an SPV.

The bid parameter in such projects is either Premium (as percentage of revenues) if the funds
coming from users are sufficient to cover O&M expenses and long-term maintenance with a surplus
that can then be used as a source to repay the financing of the construction of the asset, and where
no Bidder is offering a Premium, bidding parameter is the Grant required (as per VGF scheme of

Government of India).

6.1.1.5.2 Development of Metro Rail System on Government Land - DBFOT with Annuity

This model is similar to DBFOT with VGF/Premium expect for two major differences-
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User fees/charges are collected by the public authority The private entity receives a fixed amount
(called as Annuity payment) for a specified nhumber of years. The fee is generally financed through
the funds coming from users and in case the revenue from users is insufficient to meet the Annuity

payout, the Authority shall finance the same through State/ Central Government.

6.1.1.5.3 Development of Metro Rail System on Government Land - DBFOT with Hybrid Annuity
This model is similar to DBFOT with Annuity expect for one major difference — The private entity
receives certain amount (% of capital cost) during construction phase while the remaining is paid out

as annuity during operation & maintenance phase.

The comparison of above models and their selection is based on the risk associated with each model.
It is known that, compared with public entities, private firms usually have higher costs of capital as
well as profitability requirements that significantly affect the cost of infrastructure initiatives.
Therefore, the PPP arrangement which would be finalized at the time of implementation should, in
principle, enhance value for money (VfM) through a combination of factors, including financing,
operational efficiencies, superior risk management, greater implementing capacity, and enhanced

service quality.

The transfer of risk from the public entity to the private partner in various PPP models is set out in
Table 6-1.

Table 6-1: Comparison of PPP Models based on Risk Allocation

Construction Non-Core Revenu
e Risk (including |Operation |Maintenanc | Activities o
financing risk) Risk
DBFT with Annuity Private Government | Government Government Government
DBFT with Hybrid Private Government | Government Government Government
Annuity
O&M Services — Cost Government Government
+ Fee
O&M Services — Gross Government Private Private Private Government
Cost
O&M Services — Net Government Private Private Private Private
Cost
Maintenance Cost + Government Government Government
Fee Services —
Maintenance Gross Government Government Private Private Government
Cost Services
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Construction Non-Core S
Risk (including |Operation |Maintenanc | Activities
PPP Model desi isk isk e
~ design & Ris e Ris Management Risk
financing risk) Risk
Non-Core Services — Government Government | Government Government
Cost + Fee
Non-Core Services — Government Government | Government Private Government
Gross Cost
DBFOT with VGF / Private Private Private Private Private
Premium
DBFOT with Annuity Private Private Private Private Government
DBFOT with Hybrid Private Private Private Private Government
Annuity

6.1.2 Grant by Central Government

Under this option Central Government would fund 10% of the project completion cost excluding
private investment Land, R&R and taxes. Remaining costs are to be borne by state with Private
sector participation. The private sector participation shall be from one of the models discussed above

which shall be finalized at the time of implementation.

6.1.3 Equity Sharing Model

This model is commonly known as Special Purpose Vehicle (SPV) model is the most prevalent model
in metro operation in Indian cities. In this model, metro projects are taken up under equal ownership
of Central and State Government concerned through equal sharing of equity. The formation of a

jointly owned SPV is an essential feature of this model.

After evaluating various parameters, the BMRCL has decided to opt for the Equity form of model as
per New Metro Policy 2017 to obtain financial support from Government of India in form of Equity
and Subordinate debt, subject to an overall celling of 20% of cost of project excluding private

investment, cost of land, rehabilitation and resettlement and State share of taxes.
Bangalore Metro Rail Corporation, the SPV formed under format is implementing the metro rail
projects in Bangalore City.

6.1.4 Funds from Non-Fare box Sources

The non-fare box revenue during the operational phase includes rentals from spaces at Metro

stations, advertising income, income from property development, income from parking charges, and
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other sources like leasing of spare capacity of optical fiber, conducting training, leasing of rail

grinding machine etc.

6.2 Pros and Cons of each Option

6.2.1 Public Private Partnership

In view of the shortage of funds from budgetary source and the need of fast tracking the

investments in infrastructure, one of the possible options is resorting to PPP. Accordingly, as a matter

of policy, it is being promoted so that the infrastructure development can keep pace with the

requirement for economic development. However, PPP is not a panacea for all situations. The Pros

and cons of PPP approach in procuring a construction cum operation/maintenance contract are

asunder:

It brings in private capital thereby freeing up public funds which can be put to works for social

cause, not viable for PPP projects;

It brings in efficiency - hence the pace of developing infrastructure can be ramped up to meet

the urbanization challenges;
Suitably structured, the financing, project and traffic related risks are transferred to the

concessionaire thereby saving the exchequer from avoidable exposure;
As the traffic risk is to be borne by the concessionaire, the justification for the project
is to be decided by the market;
PPP in construction phase also leads to PPP in O&M phase with ease. A private
concessionaire, if awarded the responsibility of both construction and later running of
the project, is likely to take a long-term perspective in design, quality and standard and
would bring in cost saving innovations.
If a project is developed and operated / maintained by different entities, risk and
reward are not properly aligned for optimum results. An O&M concessionaire may
attribute any disruption in service to the design fault and hence such arrangement may
lead to disputes;
The liability of Government in a PPP project is limited to paying VGF which is a onetime
expenditure, determined by market.
The Global experience of PPP in rail transit on BOT basis has not been very
encouraging. Even in India, the experience so far is not very promising
o Operations have been recently started in Hyderabad Metro after years of delay
in concession
o Delhi Airport express line ran into troubles and is now being operated by DMRC
o Line I of Mumbai Metro has its share of issues to be addressed in the PPP
model.

6.2.2 Equity Sharing Model

The evidence provided by the international experience is overwhelmingly in favour of
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rail transit projects being developed in the Government sector. These projects are
capital intensive and are not viable on the basis of fare box revenue alone, as such
require support of revenue generation from non-fare box sources that generally come
from land value capture which is much easier for government entity than a private
developer.

Since these projects are highly capital intensive, the cost of capital is a critical issue.
Government can raise capital at a much cheaper cost as compared to a private party
thus bringing down the overall cost of the project.

The execution of project involves series of permissions, acquisition of land etc. A
government agency is better placed to assume all these risks as compared to a private
entity. Considering the sensitivity in acquisition of land, a government entity is better
placed in doing so especially if the concerned land is for creation of a public service;
Standardization of specification and technology is of immense value and a pre-
requisite for innovation. This can be achieved more easily if the projects in different
part of the countries are built by Government agencies;

Integration of various corridors/phases of project, in case of PPP is extremely difficult;
As development rights under a PPP contract to make it sustainable has to be specified
upfront at the time of floating of bid, it implies that any rise in value of real estate
which takes place subsequent to operation of project is captured by private
concessionaire. From this perspective, development of capital intensive Mass Transit
projects should be preferably done by Government agencies;

Besides, the ridership in rail transit generally rises as the network gets larger and
larger. Under PPP, the concessionaire of the initial segment of the project is likely to
benefit from the extension of the network without contributing anything for extended
network;

In case of failure of PPP, Government will be left with huge liabilities as has been the
case with most of the metro rail projects attempted on PPP in Asia- Kuala Lumpur,
Bangkok and Metro Manila;

Under Equity model, the Government of India is exposed uncertain liability.

6.3 Most suitable option for Implementation

BMRCL the SPV formed for the purpose is already operational and has developed Phase I metro

and is in process of developing extensions and part of Phase II corridors.

Further, considering the fact that the development of metro systems is capital intensive with long

gestation period which unless are supported by sweeteners may not be attractive for private

participation. Also to meet the viability gap funding requirements would be very high.

It is, therefore, recommended to implement the project under equity sharing model by SPV with the

consideration that private sector participation

maintenance may be considered and decided subsequently on case to case basis.

in different subcomponents of operations &
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6.3.1 Funding Plan

As discussed in the previous sections, implementation of metro rail project is preferred under equity
sharing model. Where in 20% of the project cost excluding land shall be funded by central

government. Balance funds need to be arranged by the state through matching equity and loan.

6.3.2 Project Cost Estimate

The estimated project cost for the implementation of the Metro corridor along the proposed Silk

Board to K R Puram corridor as per the DPR prepared by BMRCL is as below:

Table 6-2: Capital Cost of the Project-Phase 2A ORR Line (As per DPR)

SI. No Major Cost Head Cost (INR Cr.)
1 Civil Works 1765.33
2 Rolling Stok 768.00
3 Systems and telecommunications 656.72
4 Miscellaneous incl contingency 153.80
5 Land 559.10
6 Taxes 432.52
7 Others including escalation and IDC | 1111.25
Total Cost 5446.73

The project is expected to be completed and become operational by 2024. The O&M expenses are
estimated to be about 155 Cr in the year 2024, the first year of operation.

6.3.3 Means of Finance

The funding plan (Equity Sharing Model) for the proposed project is as below:
Table 6-3: Funding Plan

Amount
Sources ) (% of Share)
(Rs in Cr)
Gol - Equity 660.06 12.1%
Gol - Sub-debt 108.13 2.0%
GOI Share sub total (1) 768.19 14.1%
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GoK - Equity 660.06 12.1%
GoK - Sub-debt 108.13 2.0%
GoK - Sub-debt ( Land Cost ) 559.10 10.3%
Subordinate debt (State Taxes) 216.26 4.0%
GoK Share sub total (2) 1,543.55 28.3%
Innovative Financing (3) 500.00 9.2%
Value Capture Finance (4) 100.00 1.8%
Senior Debt ( Sovereign /Non -Sovereign Loans) (5) 2,534.98 46.5%
Total Sources ( 1) to (5) 5,446.73 100.0%

The state Government need to fund an amount of Rs. 1,543.55 Cr as equity/sub-debt towards this
project. This amount includes an amount of Rs. 559.1 Cr towards land acquisition &Rehabilitation &

Resettlement and taxes of Rs. 216.3Cr.
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7 Conclusion and Way Forward
7.1 Findings

Bangalore with population more than 10 Million has been witnessing severe road congestion.
Limited or no development of matching transport infrastructure, inefficient functioning of road
based public transport system due to congestion on road corridors, high private vehicular
population, limited coverage of mass transit system has been the root cause of poor mobility

in the city.

The Comprehensive Mobility Plan prepared identified several corridors for development of

mass transit systems including the corridor connecting Silk Board and K R Puram.

The assessment of peak direction passenger traffic indicated rail based systems as Metro or
higher order systems as prospective mass transit systems to meet the traffic demand
estimated for 2041. Metro systems which are already operating in the city is capable of

handling the estimated travel demand at approx. 80% capacity.

Potential for expansion of the metro systems to cater to higher passenger demand beyond
year 2041 by reducing the headway or by increasing the number of cars and its compatibility
to the existing systems operating in the city make Metro development as the best suited

solution.

7.2 Recommendations

Based on the screening and analysis, Metro System has emerged as the most viable
alternative mass transport system and hence recommended. It is also recommended to

implement the project under Equity Sharing Model.

Bangalore has a successful example of metro operation on SPV model by Bangalore Metro
Rail Corporation Limited (BMRCL). The SPV has developed Phase I metro and is developing

additional reaches in Bangalore on equity sharing model.

7.3 Next Steps and Way Forward

After the approval of this Alternatives Analysis Report by the State Government, initiatives
shall be taken for preparation of Detailed Project Report for Metro System for the Silk Board
to K R Puram as per guidelines for Metro Rail Policy - 2017 issued by Ministry of Housing and
Urban Affairs (MoHUA), Government of India.
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Appendix A
Metro/Heavy Metro
Mode Modal Daily Trips Veh km Emission Mode Emmissions Saved/day - Tonnes
Shift Saved co HC PM Nox cO2 co HC PM Nox cO2
Car 7% 40,804 | 277466 1.39 0.15 0.02 0.12| 207.11 Car 0.39 0.04 0.01 0.03 57.47
Two Wheeler 38%| 2,18,592 | 1947456 1.4 1.01 0.05 0.19 208.6 Two Wheeler 2.73 1.97 0.10 0.37| 406.24
Auto 6% 34,975 | 204468 2.45 0.75 0.08 0.12| 365.05 Auto 0.50 0.15 0.02 0.02 74.64
Bus 50%| 2,88,541 86562 3.72 0.16 0.24 6.53 787.2 Bus 0.32 0.01 0.02 0.57 68.14
100% 582,912 | 2515952 Total 3.9 2.2 0.1 1.0 606.5
Monorail/ Metro Lite
P Emmissions Saved/day - Tonnes
Mode M°F’a' Daily Trips Veh km Emission Mode y
Shift Saved co HC PM Nox cO?2 CcO HC PM Nox CO2
Car 7% 18,157 123468 1.39 0.15 0.02 0.12| 207.11 Car 0.17 0.02 0.00 0.01 25.57
Two Wheeler 38% 97,270 | 866588 1.4 1.01 0.05 0.19 208.6 Two Wheeler 121 0.88 0.04 0.16| 180.77
Auto 6% 15,563 90985 2.45 0.75 0.08 0.12| 365.05 Auto 0.22 0.07 0.01 0.01 3321
Bus 50%|  1,28,397 38519 3.72 0.16 0.24 6.53 787.2 Bus 0.14 0.01 0.01 0.25 30.32
100% 2,569,387 | 1119561 Total 1.8 1.0 0.1 0.4 269.9
BRTS
ioal Emmissions Saved/day - Tonnes
Mode M°F‘a' Daily Trips Veh km Emission Mode y
Shift Saved coO HC PM Nox co2 co HC PM Nox Cco2
Car 3% 4,150 28221 1.39 0.15 0.02 0.12| 207.11 Car 0.04 0.00 0.00 0.00 5.84
Two Wheeler 38% 51,878 | 462181 1.4 1.01 0.05 0.19 208.6 Two Wheeler 0.65 0.47 0.02 0.09 96.41
Auto 6% 8,300 48525 2.45 0.75 0.08 0.12| 365.05 Auto 0.12 0.04 0.00 0.01 17.71
Bus 54% 74,012 22204 3.72 0.16 0.24 6.53 787.2 Bus 0.08 0.00 0.01 0.14 17.48
BRT Bus 100% 1,38,340 -41502 3.72 0.16 0.24 6.53 787.2 BRT Bus -0.15 -0.01 -0.01 -0.27 -32.67
100% 138340 | 561132 Total 0.9 0.5 0.0 0.2 137.4
In" - o4
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