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1. BACKGROUND

1.1 Introduction

APublic Bicycle Sharing (PBS) system is a form
strategically placed in a closely spaced network of stations, and offered for public use. The

location of the bicycles can be tracked and monitored through a control centre. The system,

when integrated with the existing public transport network in a city, allows the use of bicycles

for first and last mile commute. The dense network of stations encourages short bicycle trips,

within a travel time of 5 to 15 minutes.

The system offers a convenient, affordable and environment friendly mode of public
transportation. Users can check out a bicycle from a bicycle station closest to their origin point
and return it to one near their destination point. Once subscribed into the system the users can
access bicycles freely. Many bicycle share systems around the world offer the first 30-40
minutes of usage of their bicycles for free, encouraging the use of cycles for shorter trips.

Keeping in mind the current needs of public transport and with a view towards a better future,
an integrated solution for public bicycle sharing system had been proposed by the Centre for
Green Mobility (CGM) in the general body meeting held on the 215t November, 2014. The
system having been approved by the Governor, Mr. Najeeb Jung, it was decided to take up
Dwarka sub city as a pilot project study and implementation project.

CGM had entered into a non-financial Memorandum of Understanding (MoU) with Delhi
development Authority (DDA) to provide technical support in carrying out tasks related to PBS,
such as study and detailing out the proposal, assisting in procurement of services and
infrastructure and monitoring the system, this is supported by Shakti Sustainable Energy
Foundation (SSEF).

1.2 Vision for Delhi (MPD 2021)

Del hi vision 2021 is to malkaes i Deilthy 0 ,a wheobail n amal
would have conducive atmosphere and infrastructure to conduct themselves in productive

work with better quality of life, living in sustainable environment. (MPD, 2021)

The aim of MPD 2021 in terms of transportation is to ensure safe and economical commuting

between place of origin and destination, convenient and quick access which should reduce

pollution, congestion, and increase energy efficiency.

In order to meet these objectives, following are the proposed major strategies of MPD 2021

9 Preparation and operationalisation of an integrated multi modal transportation and traffic
plan

1 A multi modal system with safe facilities for pedestrians, bicyclists, disabled person and
Information Technology System (ITS) enabled transport services.

1 Smooth and safe flow of buses and NMT transport on all arterial roads

1 Promotion of usage of public transport

1 Developing an integrated relationship between the bus, rail and metro system to provide
seamless transport

91 All arterial roads and sub arterials roads in urban extension should have segregated
bicycle tracks with safe parking
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1.3 Aim and Objectives

The aim of the project is to propose and implement the Public Bicycle Sharing (PBS) System

in Dwarka in line with De | h i government 6s vision to develop
transportation system for the city.

The various objectives of PBS System in Dwarka are stated below (refer Figure 1)

To provide economical mobility option to the citizens: To provide an economical and
convenient mode of transport for short trips as an alternative to motorized forms of transit that
cost more.

To serve last mile connectivity: To bridge the gap in public transportation for end to end
journeys, this would attract high ridership.

To minimize adverse effect on environment: To reduce negative impact that motorized
vehicles have on the environment by encouraging people to opt for cycling.

To reduce the congestion on roads: To reduce number of vehicles on road by catering to short
trips through PBS which will help in reducing the number of active vehicles on the roads and
hence serve as long term strategy to improve transport scenario.

___________________ -
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Figure 1: Objectives of PBS System
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2. METHODOLOGY

2.1.1 Identification of the area

In Dwarka, the first step was to delineate the area where the project was to be implemented
and proceeded, which enabled a clear understanding of the targeted area and its
surroundings. (Refer Figure 2)

2.1.2 Secondary data collection
To understand the area, information from secondary data was collected from sources such as:
1. DDA (Delhi Development Authority) T the proposed plans for that area, the ongoing and
upcoming projects and also the administrative maps of Dwarka.
2. SDMC (South Delhi Municipal Corporation) i the studies done on Dwarka and Delhi as
a whole and various other municipal and administrative specifications, along with the
current ward boundaries of Dwarka.
3. DMRC and DTC (Delhi Metro Rail Corporation & Delhi Transport Corporation) i
available updated data on various transit nodes and other transport related data can
be received from these offices.

2.1.3 Assessment of Secondary Data

Collection of secondary data was followed by preparation of base maps with all the
administrative and transportation data.

Along with assessing the secondary data so gathered, a primary survey of Dwarka was
planned and survey forms for the same were prepared along with formulation of Terms of
References (TORs). To carry out the survey, a survey agency was hired and contracted.

2.1.4 Primary survey

Primary survey was then carried out by the survey company and the data was collected at a
household level on the travel characteristics of the members of the household, the
demographic details, the socio-economic details (income and pattern of work, etc.), bus stop
foot-fall (number of people using public transport for medium distances), perception study, etc.
Such parameters were taken into consideration for the primary survey to understand the travel
pattern of the people of Dwarka and also to understand its existing demand and supply pattern
of transport.

2.1.5 Data Analysis

After gathering all the secondary and the primary data from all sources, the existing situation

of Dwarka was analyzed with respect to the travel characteristics of the people, their socio-

economic factors, their perception of the proposed project, their willingness to shift to the

proposed project etc. Data analysis forms the backbone of the proposed project as it provides

an insight into the peoplebs perception of their
proposed project would work and help the targeted group.

From the data, a demand assessment was carried out to estimate the potential users of
proposed PBS which further helped in arriving few other conclusions such as the required fleet
size of the bicycles, how the system needs to be phased, how and where the stations need to
be distributed and how many bicycle would be there at each station.

2.1.6 Assessment of required infrastructure

Once the primary numbers related to PBS in Dwarka were realised, the supporting
infrastructure was assessed and accounted for. For this, various case studies from across the
globe were considered and were compared to the scale of proposed project in Dwarka. Taking
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cues from the case studies, a proposal specific to Dwarka was designed, keeping in mind the
existing situation of the sub-city and the demand of the people residing there.

2.1.7 Preparation of DPR

After all the research, data collection, data analysis and planning of the project, a Detailed
Project Report (DPR) of the same were prepared. The report consisted of all the details of the
surveys conducted, the analysis done and the consequent conclusions. The DPR has all the
details pertaining to the proposed project in Dwarka as to what the project is, what its and the
objectives to achieve it.

It also mentions the details of the project like the area the project is catering to, the number of
bicycles proposed as per the proposal, the locations of the PBS stations, etc. along with a
primary financial analysis required to get the project on ground.

2.1.8 Way Forward

Once all the ground level studies and the required numbers were in place, the project was
ready to come under the implementation phase. For implementing the project, firstly an
institutional structure was formed wherein, after few consultations and general body meetings
with operators, government officials and technical consultants, it was concluded that an NMV
cell shall be constituted for the efficient implementation and sustainability of the proposed PBS,
which would be followed by hiring of technical consultants. The hiring of technical consultants
would be based on pre-mentioned terms of references (TOR) and any other mentioned
parameters. They would be responsible for the design of the project like the PBS stations, the
bicycles etc., after which all the required equipment of the proposed PBS would be finalized.
Once the equipment and all the elements are finalised, an operator for the system would be
hired, again on the basis of consultation and terms of references (TORSs). They will start with
the project implementation on ground and the testing of the project would begin.
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Identification of the Area

DDA - Proposed plans, projects, Administrative maps

Secondary Data SDMC - Delhi studies and administrative specifications

Collection _ _
DMRC and DTC - Transit nodes and transit demand
Assesment of Base Map Psrimary -Tendering for survey agency
& urve
Secondary Data Preparation Plannir):g -Selection of survey agency
Travel Characteristics, Demographic details, Socio economic characteristics, Bus Stop
Primary Survey footfall, Perception Study
Exixting . . .
. 4 & Travel Characteristic, Demography,Socio-economic factors,
Data Analysis Sl_{tnu:l;';: Perception study, Willingness to pay and shift

Estimating potential uses, Estimating fleet size, System phasing, Determining station

Demand Assessment location & sizing

Assesment of Required Research &

Iiftasteictine Analyse IT station, Bicycle, Depot, Terminal, Control Centre

Preparation of DPR

Setting up institutional structure,Hiring of Design consultant, Finalizing

Way Forward. equipment, Consultation and hiring of an operator, Commissioning and testing

Figure 2: Methodology

2.2 Data base

Data plays an important role in identifying coverage areas and delineating zones. It also
assists in determining potential subscrdatpat i ons
helps identify the proportion of the population that will utilise the bicycle share system. Data

also helps to optimize, monitor and plan an efficient system before as well as after
implementation.

For Dwarka sub-city data has been collected through secondary sources and primary surveys.

Random sampling has been followed in primary surveys (Refer

Table 2). Information required for planning the PBS system and their sources have been listed

below:
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Table 1 Data Collection Details

r?(;. Information Sources Usage
Secondary Data
Master plan and To understand the area and
1 b : UTTIPEC incorporate future developments in
proposed projects ;
the proposed project.
Administrative . : .
boundaries and UTTIPEC To determine population densities and
2 . & determine a sample size for the
demographic DDA surve
information Y.
4 Metro stations and its (D:glrglo'\r/la?[it(;cr)] Rai To understand the potential user
ridership (DMRC) group.
5 Metro station foot fall DMRC e decu_je a sample size for user
perception surveys at metro stations.
6 Bus stops list and its Delhi Transport To understand the potential user

ridership
Primary Surveys

Socio economic

information

8 Major attraction and
production points

9 Origin destination of
population

10 Trip rate, trip length

and Trip cost

11 Mode of travel

12 Bus stop foot fall

Perception about
13 Public bicycle sharing
system

Corporation (DTC)  group

To understand social and economic

Household Survey background; income, age.

OD from House To study the travel demand estimate
hold survey transport supply

OD from House To study the travel demand estimate
hold survey and transport supply

Travel diary from To understand travel scenarios in the

House hold survey study area, short trip numbers.

Travel diary from To understand travel scenario in the
House hold survey  study area and target potential users.

To have an idea of the potential user

Boarding and at particular place and To decide a
alighting survey sample size for user perception
surveys.

To understand
User perception - The willingness to shift to PBS
survey - P e o p kcedptance and
perception about the system
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Sr.
no.

Information Sources Usage

14 Willingness to pay

15 Mode of payment

Physical infrastructure  Total Station

To estimate fixed charges for
membership subscription for the
system.

User perception
survey

To estimate how the users will choose
to pay for the services and
subscription.

To collect information on existing land

User perception
survey

16 : features and prepare execution
drawings Survey . .
drawings accordingly.
Table 2 Sampling Details of Primary Surveys
Sr. no Type of surveys Units Sample size AL
sample
1 Household survey Households 2050 2
5 Boarding alighting Bus stops 230 100
surveys
3 User perception survey Person 3000 1
at Bus stops
4 User perception survey Person 5900 1

at metro stations
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3. ABOUT DWARKA

Dwarka sub city is located in the south-west Delhi district of National Capital Territory of Delhi

(refer Map 1) and is situated approximately 10kms away from the Indira Gandhi International

Airport (refer Map 2). It is surrounded by NH-8, the Outer Ring Road, Najafgarh Road, Pankha

Road and the Rewar. rail way | ine. It has been ci
a population of approximately 1.07 million. It is well connected to the rest of Delhi through road

ways and metro service (Refer Map 1 and Map 2)

The city of Dwarka has a stark contrast in terms of its fabric. A part of Dwarka is well planned,
with wide roads, sector-wise development, sparse population and good public transport
connectivity referred as the planned authorized colony, while a part of it is still unplanned with
narrow winding roads and high population density referred as the unplanned-unauthorized
colony.

The Dwarka sub-city is divided into fifteen wards, with a combined area of 56.48sgkm or 5648
hectares (refer Map 3).The entire sub-city has been considered in study area. For ease of
traffic analysis the wards have been divided into 47 Traffic Analysis Zones (TAZ) (Refer Map
4). The rational considered for delineating TAZ area as follows;

A Zones should have homogeneous land use
A Anticipated changes in land use considered when sub dividing the study area into zones.

A The subdivision of zones to be at par with other bodies, such as census department for
data collection.

A The zones are not too large to cause considerable errors in data. Also, not be too small
to cause difficulty in handing and analyzing data.

The zones represent the catchment of trips generated on a primary route.

N\ >~

A Natural or physical barriers such as canals rivers etc can form convenient zone
boundaries

St

Pigure 3 : Dwarka, Sector 11
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Map 1: Location Map Delhi Dwarka
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3.1 Demography

Dwarka with 1.07 million population, has a high potential for development, as it accounts for a
density of 150 people per hectare which is less as compared to the other zones in NCT of
Delhi and also less as compared to proposed density of the master plan i.e. 225 people per
hectare (Censusofindia, 2011) (refer Figure 4).

— 400 7370

2

£ 350 -

£ m People per hectare

5 300 1 270

o

%_ 250 + 230 225, proposed density i MPD 2021

a FavLv,

£ 200 -

Z

@ 150 -

1]

-

e 100

.0

®

o

: I

o 0 -
North East Central West North Dwarka NCTof  South North South New
east Delhi west west Delhi

Zones of Delhi

Figure 4: Population density per hectare in various zones of Delhi (Census of India, 2011)

Presently workforce participation ratio is 36.3 percent in Dwarka (CGM, 2014). 56 percent of
the population falls in the age group of 17 i 44 (refer Figure 5), who might be the potential
users for Public Bicycle Sharing System.

9-16
15%

17-35
42%

Figure 5: Age Classification (primary survey)
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Dwarka has been imaginarily divided in terms of spatial spread into authorized colony and
unauthorized areas. Authorized colony is the planned city with sector-wise development, wide
roads, metro line and sparse population belonging to medium to high income group, while the
other part is dense and compact with narrow winding streets and high population density
belonging to the medium to low income group, usually referred to as the unauthorized colony.

Dwarka comprises of 15 wards, with total population of more than 8.6 lakhs, and population
density of 384 person per hectare (ppha). Ward 134,143 in the south and ward 148, 129 and
131 in the north has the highest population density with more than 500 ppha. The northern
part of the sub city has overall high population density compared to the rest of the sub-city.
This area is the unplanned authorized area with narrow winding streets and unplanned
settlement. The Central Dwarka falls under the planned colony and has population density
varying from 100ppha to 500ppha. (Refer Map 5) The minimum population density in Dwarka
accounts for 37 people per hectare in ward number 14, it has open land as per the land use ,
and has proposal to developing it to residential area in the proposed land use map. (referMap
6)

Table 3: Population density ward-wise, Dwarka 2011 | Source: SDMC

Ward No. Population 2011 Area in sg. km Population density ppha
135 64301 9 71
146 47012 1 470
129 54351 1 544
136 108099 12 90
147 79403 2 397
131 51921 1 519
132 46697 1 467
143 63180 1 632
141 62928 11 37
148 56976 1 570
145 46251 3 154
130 46251 2 231
119 13950 1 140
127 51297 4 128
134 76562 1 766

Total 8,69,179 51 Average density 38¢
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Map 5 Population Density of Dwarka, 2011, source SDMC
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3.2 Land use

Dwarka city spreads over an area of 5,648 hectares with a population of approximately 10 lakh
people. It is majorly a residential development, with significant commercial and open/green
space pockets.

Dwarka has a sector wise development with each sector of about 81 ha and serving to a
population of 30,000 people. It is proposed that each sector would have a mix of housing of
various socio-economic groups and each sector would have four entries the arterial roads
which would be 450m apart. The major commercial nodes connect different sectors of Dwarka
via 60m and 45m roads and are majorly lined up along the Metro line.

About 20 percent of Dwarka sub city is planned for development as a green area, with the
provision of a number of parks and other open spaces, which would be maintained by the Delhi
Development Authority (DDA).

Dwarka also houses a number of noted institutions like the Netaji Subhas Institute of
Technology (NSIT), National Law University, Delhi, All India Football Federation (AIFF)
Headquarters etc.

The sector planning of Dwarka Sub-City specifies 49 percentage of the land to be residential,
7 percentage of commercial and 6 percentage of public and semi-public use in proposed land
use (DDA, 2013) (refer

Table 2 and Map 6). Mix land use pockets have been placed at corners of sectors 4, 6, 10, 12
which attract a majority of the trips.

Table 4 Proposed Land use Details

Sr. no Use Area (in ha.) Percentage

1 Residential 2910 49
2 Commercial 353 7
3 Govt. Use 66 1
4 Public & Semi public 368

5 Utility 139 3
6 Recreational 1041 20
7 Transportation 798 14
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3.3 Road Network

Dwar kadés road network has broadly four types

meter and other roads. A distinct division of the sub-city of Dwarka can be seen in terms of the
road network. The planned central Dwarka has grid iron pattern of road network with 60m road
forming ring broadly. And 45m road & 30 m roads cut across atright angles joining east west
and north south, forming a grid and surrounding the sector wise plan of the colonized part of
the sub city. The northern part of the city or the unauthorized colony of Dwarka has dense road
network of irregular pattern, forming more of an organic road network pattern, with narrow
winding streets. (Refer Map 7)

Road network contributes to 14.1 percent of the total area of Dwarka. Lengths of various Right
of Way (RoW) have been specified in the Table 5.

Table 5 Road Categories by Length and RoW

Sr. no RoW (in meters) Total length (in km)
1 30 30.18
2 45 20.46
3 60 37.5
4 Other roads (12m, 9m & 6m) 935
TOTAL 1023

A distinct division of the sub-city of Dwarka can be seen in terms of the road network. The
authorized colony of the city has planned road network with a sector wise development
whereas an unplanned road network, being narrow in nature; can seen throughout the
unauthorized colony.
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3.4 Traffic generating activities

Dwarka is highly residential area with majority of its population working in service sector i.e.
government jobs, institutional jobs etc. Traffic generating activities are referred to those nodes
that contributes to trip generation and traffic movement (refer Map 8 and Map 9). In Dwarka,
traffic generating nodes identified, such as

1. Commercial center/ Market places

Sectors 4, 5, 10, 11 and 12 are the prime commercial areas of Dwarka. Dwarka has two major
markets, one at sector 10 and the other at sector 12; these areas attract lot of commotion and
traffic every day.

2. Public/ Semi public institutions
Public and semi public buildings include post office near Dwarka sector 11 metro stations,
DDA office near Dwarka sector 10 DDA sports complex and MCD building near Manglapuri.

3. School/ colleges/ institutions
In Dwarka there are four popular colleges, and more than 60 schools spread across 52 sq km.
majority of the schools are located in the central part of the city.

4. Sports and recreational

Dwarka has popular football clubs and sports academy. DDA Sports Complex, Sector 11, Bal
Bhavan Cricket Academy, Sector-12,AIFF (All India Football Federation) Headquarter, Sector-
19, Dwarka is home to Dwarka FC, a football club at Sector-25 and Shastri FC Football
Academy at BGS International Public School.

5. Public Transit stations
The city has 10 metro station linking Dwarka with central secretariat in New Delhi. And 232
bus stops. The bus stops are mostly along the 60 meter road and also some in 45m and 30m
road inside the study area.

mmerciall Market Place at Sector 10, Right: School at Sector 12| source:
Indian real estate market 2012,

Figur 7 Le: Co
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3.5 Transport in Dwarka

Dwarka is served with 232 bus stops and 10 metro stations. The bus service within Dwarka is
provided by the Delhi Transport Corporation (DTC) and is spread across the city with a majority
being aligned along the arterial and the sub-arterial roads. Whereas, the Metro rail is operated
by the Delhi Metro Rail Corporation Limited (DMRC) and two metro lines connect Dwarka with
rest of the city i.e. Blue line connecting Rajiv Chowk (center of the City) and Airport express
line connecting New Delhi Railway station and the Indira Gandhi International Airport. (Refer
Map 10).

For the intermediate commute of people from their place of origin to their place of destination,
primarily three modes are available in Dwarka, namely; pedal rickshaws, auto rickshaws and
electric rickshaws apart from walk.

Figure 8: Integrated Mode of Metro station and Pedal Rickshaw

g : b g" i
Figure 9: Pedal rickshaws operating in Dwarka
Figure 10: Auto station near metro station aiding in last mile connectivity
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4. TRAVEL AND SOCIO ECONOMIC
CHARACTERISTICS

4.1 Introduction

Travel patterns described in terms of trip rate, mode choice, trip length, geographical
distribution etc. are major factors in assessing the needs and system demand of the city. This
chapter will briefly describe household travel needs, travel scenario and demand assessment
procedure for PBS System based on primary surveys done in Dwarka.

To understand and analyze the socio economic condition and mobility demand of Dwarka, it
has been divided into 47 traffic analysis zones, (TAZ) (Refer Map 4) considering ward
boundaries, road network, transit nodes, water bodies, railway line etc.

Looking at the educational structure breakup of people of Dwarka, only 9 percent of the total
population do not have formal education, while the rest of the population is quite educated with
some people even opting for professional courses (refer

Figure 11a). While the occupational breakup of the people of Dwarka indicated that the
population consists majorly of student population followed by house-wives and people working
in the private sector in and around Dwarka (refer

Figure 11b).

Professional

course Others
5%

o)

Post Graduate
2%

Illiterate H Wik
ouse Wife

23%

w Business
Otl*l/ef&\ ? 10%
(1]
A~

Retired
Secondary 2%
Education

36%

Primary

Labouror/
— daily wages

Student \ 2%
32% nemployed
2%

Figure 11 (a) Education Level of People of Dwarka (source: primary survey)
(b) Occupation Level of People of Dwarka (source: primary survey)
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Also about 70 percent of the households have income under Rs.50,000 per month (referFigure
12) (CGM, 2014)

>100

Figure 12: Monthly Household Income Classification (source: primary

survey)
*all amounts are in thousands
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4.2 Income group and Vehicle ownership

The household survey revealed that 95 to 100 percent of the households fall in high income
group category i.e. households having a monthly income of more than Rs.50,000 while70
percent and 80 percent of the households fall under the category of monthly incomes of
Rs.10000 7 20000 and Rs.20001- 50000 respectively. 70 percent of the households own at
least one motor vehicle in Dwarka. As shown in Table 6, 21 percent of total households own a
bicycle, 25 and 0.84 percent of total households own four wheelers and autos respectively,
which is in line with the vehicle ownership data of rest of Delhi. 63.7 percent of the total
households own a two wheeler, which is too high in terms of the average two wheeler
ownership of Delhi which is 44.1 percent.

This along with the modal share of private vehicles shows an overall dependency of people on
private vehicles. Perception surveys for public transport reveals that due to lack of reliable,
direct and integrated public transport in Dwarka, people are left with no choice other than using
private transportation. Also in line with other urban areas, the percentage of vehicle ownership
is increasing with an increase in income (refer Table 7).

80.0
70.0
60.0

50.0
B Dwarka

@ Delhi

40.0

households

30.0
18.0

Percentage of total

20.0

10.0
0.8 1.1

0.0

cycle 2w Type of vehicle Aw Other

Figure 13: Ownership of Household in Delhi and Dwarka (source: primary survey)

100% —
90%
80%

70%
60%
50%
40%
30%
20%
10%

0%

Percentage of total households

below 5000  5001-10000 10001-20000 20001 -35000 35001-50000 50001-100000  =100000
Household income range (Rs/month)
B novehicle mOnly bicycle ®Scooter+ Three wheeler+ B Four wheeler +

Figure 14: Household Vehicle Ownership and Income (source: primary survey)
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4.3 Trip rate

The total number of trips in Dwarka is 19,63,378. The per capita trip rate including walk in
Dwarka is 1.89 trips per day. Motorized trip rate is 0.9 and walk trip rate is 0.82. The highest
trip rate is for work and education at 0.36 and 0.32 respectively.

Table 6 Trip Rate (trips per day) by Purpose (source: primary survey)

Trip purpose Trip rate

Work 0.36
School/Edu 0.32
Shop/Market 0.11
Recreational/Social/Religion 0.09
Medical/Health 0.01
Pick & Drop passenger 0.03
Transfer/ Other mode of travel 0.00
Other 0.02
Return home 0.95
Total Daily PCTR 1.89

4.4 Trip purpose

Keeping aside the return home trips, which forms fifty percent of the total trips, work trips and
educational trips constitute nearly 40 percent and 34 percent of the total trips respectively.
Interestingly shop/market trips make up 10 percent of the totaltrips (refer Table 7) (other cities
like Ahmedabad have only 2.7 percent share from shopping trips).

Table 7 Trip by Purpose (source: prmary survey)

Percentage of total

Trip purpose Total trips trips

Work 4,16,707 42
School/ Education 3,40,939 35
Shopping 95,456 10
Recreation/social/Religion 76,326 8
Medical/Health 11,192 1
Pick & Drop passenger 18,900 2
Transfer/ Other mode of travel 1,076 0
Other 25,589 3
Total 9,86,185 100

4.5 Modal Split

The dominant transport mode in Dwarka is walk. It contributes to 47 percent of the total trips
made (refer Figure 15), this is high as compared to whole of Delhi which has 34 percent walk
trips. Also 63 percent and 16 percent of total females in Dwarka use walk and bus respectively,
this indicates a need of a women sensitive PBS system (refer Figure 15).The total trips made
by all non-motorized modes is 53 percent which is significant and justifies the requirement of
better infrastructure to cater to it.
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Nearly 22 percent of the population uses public transport which is less than the average share
of Delhi at 35 percent. Use of car and auto is still limited and accounts only for 7 percent and
3 percent respectively.

Metro
204 Metro

Bus

Auto
4%
4w
4%
Cycle '
Cycle Rickshaw
3%

Ricksha Cycle ° Cycle
w 4% 1%
2%

Figure 15: Modal Split in Dwarka (source: primary survey) Figure 16: Mode Split: trips Made by

Female (source: primary survey)

The purpose of walk trips is majorly for educational, recreational and shopping activities (refer
Figure 17). Nearly 25 percent of the work trips use public transport to reach their work places.
Also the choice of mode shifts from walk and bicycle to more personalized modes as we move
upwards on the income group ladder (refer Figure 18).
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Figure 17: Trip Purpose by Mode and Average Trip Length by Purpose in Dwarka (source: primary survey)
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Figure 18: Mode choice and Household income (source: primary survey)
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4.6 Trip length

Interestingly 70 percent of the trips in Dwarka have trip lengths less than 5km while 80 percent
of the total trips made by females are under 5km of length (12 minute walking time), which
increases the number of potential users of the PBS system (Refer Figure 19 and Figure 20).
Average trip length including walk is 5.9km. Two wheeler, four wheeler and metro trips are
longer with 13.5, 14 and 20.44 km respectively, along with high dependency on two wheelers.
Population of Dwarka travels much longer on motorized modes as compared to trip lengths in
Delhi (refer Figure 21). The main target of the PBS system should be short trips i.e. bicycle
trips, pedal rickshaw trips and also last mile trips for metro and bus users. Work trips are longer
i.e. 7.33km, all other purpose trips have average trip lengths within 6kms (refer Table 8).
Number of trips made by females in different TAZ has been shown inmap no 7.

50.00
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3]

& 40.00
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20.52
I 14.35
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11-3 31-5
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>15

51-7 7.1-10 10.1 -15
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Figure 19: Trip length distribution for Dwarka (source: primary survey)
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Figure 20: Trip length distribution: trips made by female (source: primary survey)
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Figure 21: Average trip length mode wise for Delhi and Dwarka (source: primary survey) (RITES, 2007)

Table 8 Trip length by trip purpose (source: primary survey)

Work 14.5
School/ Edu. 3.3
Shop/Market 2.4
Recreation/social/religion 9.34
Medical/Health 3.03
Pick & Drop passenger 1.9
Transfer/ Other mode of travel 9.6
Other 2.56

4.7 Last mile connectivity

Metro and DTC bus service are the life lines of Dwarka. But the last mile of the commute is
still dependent on auto rickshaw, pedal rickshaw and electric rickshaw. For any of these
modes, the charges are very high and provided the income group in Dwarka, it is more of
affordability issue. Dependency on sharing of auto, pedal rickshaw and e-rickshaw service
entails time wastage, compromising women safety and inconvenience in general.

4.7.1 Metro Rail

The dominant modes of metro access and egress trips are either walk, two wheelers or autos
contributing 45, 22 and 13 percent of total access and egress trips respectively (refer Figure
22) while in trips made by females 44, 26 and 13 percent respectively (refer Figure 23).
Prominent mode of commute for last mile connectivity within 1km is walk, contributing about
98 percent of the total trips made in this particular distance range, auto and pedal rickshaw in
distance range of 1.1 7 3km and 2 wheeler, auto and bus in distance range of 37 5km (refer
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Figure 23) . This indi

cates

A

peopl ebs dranpiteand mublic y

transport modes for longer trips. Parallel to that, it has been observed that the use of auto and
pedal rickshaw increases with the income (refer Figure 25).
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Figure 22: Mode split for metro access and egress trips
(source: primary survey)
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Figure 23: Mode split for metro access and egress trips
made by female (source: primary survey)
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Figure 24: Metro: mode choice and trip length for access- egress trips (source: primary survey)
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Figure 25: Metro: mode choice and income (source: primary survey)

4.7.2 Bus

95 percent of the access and egress trips made by bus users are on walk, while 97 percent
trips made by female bus users are on walk, which is alarmingly high (refer Figure 26)

67 percent of the trips happen within the range of 1km and 33 percent happens for distances
between 1 to 3km. Ideally, from this, trips 2 7 3km in length will be potential users of the PBS
system.

Cycle  Shared | gcal Bus

C C|e Auto

0% uto 1% Ri Izlh w_o,,
2w 2 © i aw Cycle 0%
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Figure 26: Left - Modal Split: last mile for bus users(source: primary survey)
Right - Modal split: last mile for female bus users (source: primary survey)
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Observation and inferences of last mile connectivity is as follows:

1 Significant amount of trips depend on non-motorized and public transport i.e. around 72
percent and 70 percent respectively of the total trips in Dwarka are made within 5km of trip
length.

1 63 percent and 16 percent trips are made on walk and bus respectively from the total trips
made by women.

1 For last mile connectivity to metro rail, 45 percent of the population used walk as their
access and egress mode of travel. And to bus, 9597 percent people used walk as their
access and egress mode.

This calls for economical and personalized last mile connectivity options and also for positive
reinforcement in terms of street safety such as safe pedestrian facilities, luminous edge to
street edges, and shaded walkways. PBS will not only improve connectivity options in Dwarka
but will also increase peopledbs safety on the st

ConsideringDwar kad6s | and use which has stretches of 1 €
of commercial patches, and very less mixed land use; the overall activity on street is visibly

low compared to places which have more mixed land use, such as in Ahmedabad. In Dwarka,

streets tend to get deserted after peak traffic hours, which is a major concern for women safety.

Connecting the city with PBS also opens up the opportunity to look into issues of women safety

and make them a better place for all.
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5. DEMAND ASSESSMENT AND SYSTEM
PHASING

Demand assessment process is to assess demand, identify the trip attraction demand and trip
production demand for TAZs, and then estimate the size of the system based on potential
users. As discussed in the previous chapter, Dwarka is in need of alternative modes for last
mile connectivity. In order to assess the demand following steps were followed:

Understanding the travel characteristics (chapter 3) and trip generation pattern
Estimating potential users

Estimating the fleet size

System phasing

Determining the station location and its size

= =4 =4 =4 =9

As mentioned in topic 1.5 (Data Base), to understand social, economic and travel
characteristics, household surveys have been done. And to know perception about PBS and
travel diary, user perception surveys have been conducted at metro stations and bus stops.

5.1 Understanding trip generation pattern

The correlation between various parameters such as socio economic characteristics, land use
and travel characteristics results in mobility demand from the population. Due to sectorial
planning and less mixed use structures, Dwarka has a huge difference in the number of
production trips and attraction trips in each zone (refer Map 9 and Map 10). Due to high
disparity in terms of density, unauthorized and authorized colonies have huge differences in
terms of demand. Apart from this, TAZ no. 6, 10, 12 with market area experiences a high
attraction demand (refer Map 10)
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5.2 Estimating potential users

To calculate the potential trips on PBS, from the surveys excel based modeling has been done.
The demand has been calculated in terms of number of trips, number of bicycles, number of
docks, number of stations and the station size. To analyze all possible probabilities, three
scenarios have been created i.e., most conservative, mid-conservation and optimistic.
Following parameters have been considered while estimating trip demand:

Trip purpose

Trip distance

Mode of travel

Age of the user
Willingness to shift to PBS

=A =4 =4 =4 4

Trips within 5 kilometers of trip length (12 minutes of walking distance) are major target groups
for PBS. The main trips within five kilometers except the ones on public transit have been
considered from household survey data. Public transit trips and access-egress trips to public
transit have been considered from user perception surveys done. Figure 27 represents the
consideration of trips:

Target group for PBS
(Trips under 5 km)

A. User perception surveys on Public B. Household survey data
transport (Main trips except trips on public transit)

(Last mile connectivity)
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5.2.1 Demand calculation from user perception
surveys

As mentioned above various parameters have been
considered to arrive at scenarios in terms of number
of trips. Total demand of access- egress trips were
screened using the parameters mentioned above in
stepwise process (refer Figure 28). Steps have been
explained below:

Step 1: TAZ wise, numbers of trips were taken of the
people who expressed their willingness to use PBS
during user perception surveys.

Step 2: Second step was based on an assumption
that even if people are willing to shift to PBS, there is
probability of them not availing the services of the
system due to factors such as their age, health issues
etc. Assumptions has been considered that people
falling under the age group of 20 i 45 would be the
primary users of the proposed system and therefore
the trips of same age group people have been taken

Mocle

into  consideration  Figyre 28: Screening Procedure for Public

from all people who Transit

PT trips
Access trips &
egress trips

People Who
said yes
STEP 2
Age
20-44
Distance
Scenarios by
mode and
distance
ranges
STEP 4

Demand from
Metro and Bus
users

are willing to use the PBS.

Step 3: The third step was the screening done based on trip length by mode. This was based
on an assumption that even if the users are willing to shift to PBS, the trip length and current
mode of travel will be a major factor to rethink about the acceptability of the system.

Three scenarios were thus prepared using mode and trip length. Bus user scenarios and metro
user scenarios were prepared differently due to their distinct difference in trip length and
current mode of travel. Scenarios for metro system user and bus users have been stated in

Table 9

Table 9 Metro and Bus Users: Mode and Distance Scenarios for Demand Calculation (source: primary survey)

Dlrztr?gnge Metro users: Last mile trips Bus users: Last mile trips

Mode
Scenario Scenario Scenario | Scenario Scenario Scenario
1 2 3 1 2 3
0-1 0% 0% 0% 0% 0% 0%

Walk
1-3 5% 7% 10% 5% 7% 10%
Cycle all 10% 25% 30% - - -
Two wheeler 0-3 10% 20% 30% - = =
35 7% 10% 15% 10% 20% 30%
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5-7 0% 0% 10% - - -
0-5 5% 10% 15% - - -

Four wheeler
5-7 0% 0% 0% - - -
3-5 30% 60% 80% - - -

Auto

5-7 0% 0% 0% - - -
0-3 50% 60% 80% 50% 60% 80%
Shared auto 3-5 10% 15% 20% 30% 50% 80%
>5 0% 0% 10% 0% 0% 5%
0-3 20% 40% 60% 20% 40% 60%
Local bus 3-5 5% 10% 15% 20% 40% 60%
>5 0% 0% 0% 0% 0% 0%
0-1 50% 50% 100% 50% 50% 100%
Pedal 1-3 20% 30% 50% 60% 80% 90%
rickshaw 3-5 0% 20% 30% 50% 60% 80%
>5 0% 0% 2% - - -

5.2.2 Outcome

From all the above procedure, demand has been calculated in terms of number of trips. After
these procedures, potential trips from public transport users have been shown below:

Table 10 Potential Trips from Public transport

Type of PT trip Scenariol Scenario2 Scenario3
Trips from metro users 5273 7660 11899
Trips from bus users 1162 1601 2091

5.2.3 Demand calculation from household surveys

As mentioned in topic 4.2 various parameters have been considered to arrive at scenarios in
terms of number of trips. Total demand of trips excluding trips on public transit were screened
using the parameters mentioned above in stepwise process (refer Figure 29). Steps have been
explained below:

Step 1: After considering, only short trips i.e. trips falling under 5km first step was based on an
assumption that there is probability of people not availing the services of the system due to
factors such as their age, health issues etc. An assumption has been considered that people
falling under the age group of 2071 45 would be the primary users of the proposed system and
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therefore the trips of same age group people
have been taken into consideration from total
trips.

Step 2: Third step was the screening based
on purpose of the trip. Various scenarios
were made for different purposes according
to trip length and mode. Screening was
based on the argument that even if users are
willing to shift to PBS, the purpose of the trip
along with trip length and current mode will
be major factor to rethink the acceptability to
the system.

Step 3: Three scenarios were thus prepared
using trip purpose, mode and trip length. Bus
user scenarios and metro user scenarios
were prepared differently due to the
distinction in trip lengths and current mode.
Scenarios for household survey have been
stated in Table 11.

Page 42 of 98

Household
Main trips

Age
20 -44

STEP 2

Trip
purpose

Mode Distance

Scenarios
by mode,
purpose
and
distance
ranges

STEP 4

Demand
from
household

Figure 29: Demand Assessment: Screening procedure for
Household survey



Draft
Dwarka Bicycle Sharing System

Table 11 Household Trips: Trip Purpose, Mode and Distance Scenarios for Demand Calculation

Scenarios Scenarios Scenarios

1 2 3 1 2 3 1 2 3

0-1 2% 4% 7% 1% 3% 6% 1% 15% 2%

1-3 7% 9% 12% 7% 9% 12% 4% 6% 9%

3-5 3% 4% 7% - - - - - -

0-1 1% 3% 6% 1% 3% 6% 0% 0% 0%

1-3 1% 3% 6% - - - 1% 3% 6%

>3 2% 4% 7% - - - - - -

0-1 1% 3% 6% - - - - - -

1-3 % 9% 12% - - - - - -

3-5 3% 4% 7% 3% 5% 8% 1% 3% 6%

3-5 1% 3% 6% - - - 1% 3% 6%
- 3-5 7% 9% 12% - - - 7% 9% 12%
- 3-5 10% 12% 15% 10% :(I;/i 15% 10% 12% 15%
- 0-3 10% 12% 15% - - - 10% 12% 15%

5.2.4 Outcome

From all the above procedure, demand has been calculated in terms of number of trips, after
this procedure, it was arrived at that 4713, 6570 and 10003 are potential users from household
main trips in scenario 1, 2 and 3 respectively (refer Table 12)

Table 12: Potential Trips from Household Trips

Trips from rtlg;ssehold main 4713 6570 10003

5.2.5 Summary

The combined public bicycle sharing system demand has been projected at 11146, 15827 &
23988 in scenariol, 2 and 3 respectively which is 0.57 percent, 0.81 percent and 1.23 percent
of total trips (refer

Table 13). For proposal of PBS, most conservative demand has been taken in to consideration.
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Table 13: Estimated Demand

Total trips Scenariol Scenario2 Scenario3
Total demand 19,49,281 11,146 15,827 23,988
Percentage of total trips 100 0.57 0.81 1.23

5.3 Estimating fleet size

Based on the potential demand and coverage area, the initial calculation of station size and
fleet size has been arrived at. Case studies state that in public bicycle sharing system all over
the world, a single bicycle is normally used for anywhere between 3 to 4 trips per day.
Considering the most conservative estimated for the number of shares per bicycle of 2.5 trips
per bicycle, we would arrive at 4459, 6331 and 9595 bicycles for scenariol, 2 and 3

respectively (refer Table 14).

Table 14 Summarized Demand in terms of Trips for entire Dwarka

ﬁg Topic Scenariol Scenario2 Scenario3
1 Total demand 11,146 15,827 23,988
2 Percentage of total trips 0.57 0.81 1.23
No of bicycle by 3 shares 3715 5276 7996
3 Spare bicycles 100 100 200
Total no. of bicycles by 3 shares 3815 5376 8196
No of bicycle by 2.5 shares 4458 6331 9595
4 Spare bicycles 100 100 200
Total no. of bicycles by 2.5 shares 4558 6431 9795
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5.4 System Phasing

System phasing is the strategy to build the system in parts, depending on available resources,
viability of project and also ensuring itods acce
in three levels of planning. Phase IA. IB and then Phase II. The criteria of phasing and

numerical findings are given below.

5.4.1 Phasing parameters
Following parameters were considered while initial phasing:
1. Demand of trips within study area

In the study most conservative scenario has been considered for further analysis and
estimations. The demand map (Refer map 13) show high demand around Dwarka metro
station in the north eastern TAZs and adjoining TAZs on the right which engulfs the
unauthorized areas of Dwarka. TAZs around metro station sector 11 and sector 8,9 shows
high trip demand. The railway station of Palem located on the Dwarka boundary on the right
also attracts high trip.

2. The existing public transit and major road network in the Dwarka

Dwarka has sectoral development with planned 60meter, 45 meter and 30 meter roads within
the authorized area, while narrow winding streets are found on the northern part of the study
area. The bus service is available in the entire city, while metro cuts cross from the center of
the city and caters widely to the people living within the proximity of central part of the city.
(Refer Map 10).

3. Major markets, institutions, residential, transport nodes and other attraction points

Major market, school colleges, transport nodes and other activity nodes that attract trips are
located by large in the central part of the city and some bus stops are located in the outer edge
of the study area, in the north. The heat map created, shows the density of various nodes
within the study area. (Refer Map 9)

4. Demand of ridership at various transit location

The ridership data of metro and bus within Dwarka study area shows the central part of the
city and outer edge in the north as the areas with high ridership. The white pocket shown in
the map 16 indicates areas with lack of public transit.

5. Phasing of proposed project of non-motorized vehicle lanes

Dwarka has proposal of building NMT lanes. The proposal has identified the central part of the
city encircling the Metro corridor has the study area. (Refer Map 16). This project will ensure
availability of safe infrastructure support system for NMV.

By, studying the parameter mentioned above, the area delineation for phase | have been
considered. The high demand of trips are amongst the northern TAZs but the rest of the
features by large engulfs the central part of the study area. For that reason Phase | has been
delineated considering the central area with adjoining high demand TAZs. (Refer Map 17)
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Map 16: Stages of Phase Delineation of Dwarka





































































































































































