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Introduction 

The country like India is rapidly growing and the 
urbanization is increasing.   Privately owned vehicles 
use is also growing at a faster rate which resulting 
into the excessive utilization of fossil fuels. To 
overcome the requirement of fuel we need to import 
fuel from the foreign countries because of this our 
foreign reserves are being more utilized in fuels. As a 
solution to this problem sustainable alternatives such 
as walking, cycling and public transit either as single 
mode or in combination by "B-T (Bicycle transit) 
integration" are been promoted by transportation 
professionals [1]. Among the measures implemented, 
some have been aimed at facilitating the 
combination of two or more of these transportation 
modes under the moniker “bike-and-ride,” cycle–
transit integration (C-T) or simply the transportation 
cocktail [1]. This mode of transportation is widely 

known as Bicycle Sharing System. As per New York 
City Department of City Planning, 2009, Bicycle 
sharing systems comprises of bicycle rental schemes 
that enable bicycles to be picked up at any bicycle 
station and returned to any other bicycle station, 
which makes bicycle-sharing ideal for point-to-point 
trips. Public Bicycle Sharing System is growing at an 
average of 37% annually since 2009 [2]. Bicycle 
Sharing System, Cheap and the environmentally 
friendly mode are widely being recognized as of 
prominent mode to reduce emissions and create the 
more sustainable urban environment. This type of 
system is adaptable to any size of the cities. The size 
of the cities and the length of the trips affect above-
mentioned advantage of the system. 

Mass transportation has a disadvantage of more fuel 
consumption which leads to more pollution, whereas 
BSS has an advantage of no fuel consumption which 
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leads to less pollution. Bicycle Sharing Systems allow 
users to take short, one-way/ two-way intra-zonal 
(Zone to Zone) bicycle trips. It is also used for the 
easiest service for the distance viewed to be too far 
to walk between home and public transportation and 
public transportation to workplace [3]. Bicycle 
Sharing System (BSS) is an agile feeder system which 
could enhance the quality of life of people. BSS could 
be proved as an essential transportation mode for 
reducing the fuel consumption resulting into 
reduction in pollution. Traffic jams are bound to be a 
drag on the economy as they lead to lost man hours, 
time delays, inefficiencies, loss of ease of doing 
businesses and extra costs businesses incur to speed 
up things. The use of bicycles also reduces road 
congestion: compared with a typical passenger 
vehicle, which occupies 115m3 of road space, a 
bicycle makes do with only about 6m3 [4]. Transit 
systems should shift their focus from park-and-ride 
to bike-and-ride, which is more cost-effective as well 
as more environmentally friendly [5]. It could lead the 
country to increase GDP growth. The enormous 
growth of Bicycle Sharing Systems all over the world 
in the past decade has done a great job to accept 
the bicycle as the mode of choice for people.  

Cities in India are the fast falling victim of rapid 
motorization, i.e. the use of personal vehicles. In 
India as a developing country, the traffic congestion 
is a crucial problem due to rapid growth in 
population which results in an air pollution. Due to 
lack of decent public transportation and mindsets of 
people, most people are using private vehicles more 
than the public vehicles. For effective use of mass 
transportation, it is immensely necessary to provide 
such mode of transportation which will be mainly 
dependent on various factors affecting the trip 
profile of a person, i.e.  Income, household size, 
vehicle ownership, trip time, trip cost and trip 
distance. Bicycle Sharing Systems has an advantage 
of no fuel consumption and reduction in trip cost as 
well as trip time to provide as a feeder system to 
mass transportation. In the words of Chicago 
transportation commissioner Gabe Klein: “There is no 
holy grail, but a public bike share is pretty close." 

Surat, the economical capital of Gujarat, India also 
known as Diamond and Textile hub is the second 
largest city of Gujarat. By mayor’s foundation, Surat 
is the 4th fastest developing city. It is 34th largest 
city by area in India. According to census 2011, Surat 
has 4.78 million populations and area of 326.515 
square km. In 2013 the major cause of traffic 
congestion in Surat is auto-rickshaw and private 
vehicles owned by the people. This paper helps to 
provide a solution to overcome the traffic congestion 
problem resulting into an increment in the pollution 

in Surat. To conquer this problem Bicycle Sharing 
System needs to be introduced. It can also be used 
for the sustainable public transportation service 
throughout the city. To be able to understand the 
various concepts of the transportation and to 
provide sustainable transportation system, some 
background information and the literature reviewed 
have been discussed below.  

Paul DeMaio [6] has discussed the history of bicycle 
sharing system from the first generation to the third 
generation. It includes a detailed examination of 
models of provision, capital and operating cost and 
also discussed the fourth generation of bicycle 
sharing system. Impacts of bicycle sharing system i.e. 
decrease in greenhouse gases, increasing transit use, 
improved health of people; increased bicycle mode 
share and increase in a number of trips have been 
discussed. Overview of Bicycle Sharing System its, 
benefits and Bicycle Sharing System from an 
individual commuter’s point of view have been 
discussed by AshishKabra, Elena Belavina, Karan 
Girotra [4] in 2015. Each user is viewed as consumer 
each station is a different product, the distance to a 
system and bike availability are product 
characteristics and the set of the station with the 
available bike is the consumer’s choice set. They 
studied velib Bicycle Sharing System in Paris, France 
to estimate their model. They studied various Velib 
stations at a different time of the day, different days 
of months and in different season and analyses the 
usage and bike availability at the different Velib 
stations and according to this study they gave their 
mathematical model. 

In 2010, Alexandros Nikitas, Toni-MattiKarajalainen 
and UrikaRahe [7] discussed the need of introducing 
BSS and explained what BSS is. Various advantages 
and disadvantages of BSS are mentioned. Local 
information about the second largest city of Sweden, 
Gothenburg; synopsis its transportation system i.e. 
modal split in Gothenburg is described. They have 
also included existing situation of BSS in 
Gothenburg. Peter Midgley [3] in 2011 analyzed 
briefly about Bicycle sharing system i.e. its overview, 
different components, various financial aspects, its 
benefits and impacts on the society and various 
challenges and opportunity which come across 
bicycle sharing system. For making Bicycle sharing 
system more attractive and effective, it could be 
integrated with public transport and could provide 
bicycle lane network in whole city area which 
covered Bicycle sharing system. 

Mukti advani and Geetam Tiwari [8] have analyzed 
the lack of facilities for the parking and other basic 
facilities at BRTS stations. They have admitted that 
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people are not using bicycle despite of owning it. 
They have given the reason behind the lack of use of 
a bicycle is the absence of parking facilities. They 
have described the advantage of integrating Bicycle 
with BRTS. To provide sustainable transportation, it is 
required to increase use of public transportation 
instead of privately owned vehicles [9]{10}. To reduce 
the traffic congestion, to reduce the environmental 
pollution and to provide sustainable, eco-friendly 
and innovative Para- transit mode Bicycle Sharing 
System could be implemented as a feeder system to 
BRTS. 

Case Study 

Bicycle sharing systems have developed continuously 
since their introduction in the 1960s. In 1965, First 
Bicycle Sharing System has been introduced in 
Amsterdam, Netherlands. In 2008, 14 countries have 
been operating total of 213 bicycle-sharing schemes 
with 73,500 bicycles. All systems were operating in 
Europe, Except Washington D.C. For next two 
Consecutive years, the tremendous Increment 
observed in the number of bike share systems (76 
percent) and the bicycles have been doubled or even 
more. Today 33 countries operating total of 375 
bicycle sharing systems with 236,000 bicycles. 
Though 90 percent of the systems are operated in 
Europe, around 50 percent of the bicycles are 
currently used in the Pacific region and Asia. Some of 
them are described below. 

Velib, Paris, France. 

Velib in Paris, France is the major scale bike sharing 
system. The system consists of 1,230 bicycle stations 
and 14,500 bicycles which were introduced on 15 
July, 2015. The sixth largest system in the world and 
largest in the Europe Velib is operated by Jcdecaux, a 
French advertising company. Initially, 7,000 bicycles 
were introduced between 750 stations which were 
increased after a year to 16,000 bicycles with 1200 
stations. Roughly at every 300m one station is 
located. In a year of introduction, 20 million trips 
were reported which increased to total 173 million 
after 6 years. For use of Velib, it is necessary to take 
subscription for users which allow them to take trip 
for unlimited times. Subscription can be bought at 
€1.70/day, €8/week, and €29/year or €39/year. As an 
advantage of this system Reduction of Carbon 
dioxide emission up to 14,600 tons* per year have 
been observed. 

Bike Sharing System, Gothenburg, Sweden. 

Gothenburg, Sweden has also provided a Bicycle 
Sharing System as a means of transportation which is 
easy to access and also a way to protect the 
environment and to reduce Green House Gases 
emission. They have provided Bicycle stations 
majorly near at bus stations and railway station. They 
have approximately 70 Bicycle stations. The charges 
decided for renting a bicycle is 75 SEK as often as 
one wish during the season. The season begins on 
1st March and follows to the end of 31st December, 
the recent season will end at 31st December, 2016. 
The first half hour of the trip are always free, 
additional charges will be applied if you rent a 
bicycle for more than half an hour. It is mainly 
designed mainly for short trip of around 20 minutes.   

Citybike Wien, Vienna, Austria. 

Vienna, Austria also has a Bicycle Sharing System 
known as Citybike Wien was launched in 2003. It is 
the innovative and environment-friendly mode of 
public transportation. Citybike Wien is the project by 
Gewista Werebegesellschaft m.b.H. It has a total of 
121 stations with 3097 bike boxes, docking 
approximately 1500 bicycles. The 1st hour of the trip 
is free.1 Euro is charged for the 2nd hour, 2 Euro for 
3rd hour, 4 Euro for a 4th hour and 4 Euro for every 
further hour. To use Citybike Wien one need to 
register himself on the website or directly at any 
station with maestro card or credit card. 

Divvy, Chicago, Illinois 

Chicago bicycle sharing system known as Divvy has 
around 580 stations and thousands of bicycle across 
the Chicago. It is a fast and affordable way of public 
transportation to reach from one point to another. 
The parameter considered in providing bicycle 
station was population density. All the provided 
stations are solar powered. It has one time 5 Dollar 
annual membership scheme. It has a 24-hour pass 
scheme of 9.95 dollar which has 30 minutes ride free. 
Next 30-60 minutes 2$. Next 60-90 minutes 6$ and 
further 8$ for each additional 30 minutes. 

BIXI, Montreal, Canada. 

Montreal, Canada has a bicycle sharing system 
known As Bixi was launched in 2009. The word Bixi 
came from the contraction of the word Bicycle and 
Taxi. It has around 5200 bicycles and 460 stations 
across Montreal. It is the largest bicycle sharing 
system among the all Canadian cities. This system 
contributes to the quality of life and health of 
people. It has various subscription rates like 87$ per 
year, 55$ for a half year, 30$ for a month, 5$ for 24 
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hours and 2.95$ for one-way ticket. The first half 
hour is always included in any type of subscription; 
the further charge will be applied for additional 
minutes 

G-BIKE: Gandhinagar, Gujarat, India 

Gandhinagar Urban Development Authority (GUDA) 
has implemented an eco- friendly approach of 
Bicycle Sharing System to provide a low-cost 
mobility option to the general residents of the city. It 
is a key element in a city’s strategy to expand the use 
of sustainable transport modes. Bicycle sharing is a 
flexible system of personalized public transport. 
Phase 1 of the Gandhinagar Bicycle Sharing System 
consists of 1,090 bicycles at 103 stations and was 
launched at 21 March 2016. The initial coverage area 
includes key destinations including government 
facilities in Sectors 10 and 11, regional shopping 
centers and market areas in Sectors 24 and 21, and 
institutions in Sectors 16 and 23. The Gandhinagar 
Bicycle Sharing System will connect these 
destinations to key modes of public transport, 
including GSRTC and VTCOS services. The total cost 
of G-BIKE includes the cost of bicycle station 
(container) Rs.50, 000 per container, the cost of 
bicycle Rs.3000, manpower cost Rs. 300 per day and 
maintenance cost of Rs. 2500 per bicycle per year 
and electricity cost of Rs.300, 000. 

GreenBike, Delhi, India 

Bicycle Sharing System in Delhi known as a Green 
Bike is initiated in October 2009. The system was 
initiated at a lower scale with just 50 bicycles and 5 
stations. The first 4 hours of trip costs RS.10 and each 
extra hour costs RS.5. 

Surat City Profile 

Location, Topography and Regional linkage 

Surat city is located on the south bank of Tapi River, 
284 km south of the state capital, Gandhinagar. It is 
situated at longitude 72° 49' 49E and latitude 21° 11' 
45N and 13m above mean sea level. One of the 
busiest highways i.e. The National Highway no.8 
passes within 16 km of the Surat Municipal 
Corporation boundary. The city is on the Western 
railway and has long distance train which connects 
the city with the major cities and state of India. 

 

The city is located at the outskirt of Tapi River. The 
general topography of the city is flat with a general 

slope from north-east to the south-west. The city 
forms an arc of a circle with the walled city as its 
centre. 

 

  

Fig -1: Location of Surat City 

Demographic Dynamics and Population growth 

Surat is Gujarat’s second and India’s ninth most 
populous city. Due to rapid industrialization and 
urbanization, peoples from various states migrate to 
Surat and make permanent shelters in the city. 
Table.1 (source: SMC) shows area wise population, 
growth rate and population density in Population per 
Hectare. 

Table -1:  Centurial Statistics of Demography for Surat 
City 

Year Area 

(in Sq. 
km) 

Population 

(in Lacs) 

Growth 

Rate 
(%) 

Density 

(in 
ppHa) 

1901 8.18 1,19,306 - 145.85 

1911 8.18 1,14,868 3.71 140.42 

1921 8.18 1,17,434 2.23 143.56 

1931 8.18 98,936 -15.75 120.94 
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1941 8.18 1,71,443 73.29 209.58 

1951 8.18 2,23,182 30.18 272.83 

1961 8.18 2,88,026 29.05 352.11 

1971 33.85 4,71,656 63.75 139.33 

1981 55.56 7,76,583 64.65 139.77 

1991 111.16 14,98,817 93.00 134.83 

2001 112.28 24,33,785 62.38 216.76 

2011 325.26 44,62,002 83.34 137 

 

A Large development of various industries and real 
estate growth was a magnet for migrants from 
various states viz. Uttar Pradesh, Bihar, Andhra 
Pradesh, Maharashtra, Orissa, Kerala and many other 
states. 24% migrants out of total migrants are from 
Orissa. 

Study Area 

A study area is a geography for which data is 
analyzed in a report and/or map. With the aim of 
increasing the accessibility of existing BRTS system, 
BRTS route of phase-I along corridor-1 Udhna 
Darwaja to Sachin G.I.D.C make of length 10.2 km is 
selected, because it is the only route where BRTS 
buses are running successfully up till now. Internal 
areas of the south zone are also covered to increase 
the intra-zonal (zone to zone) accessibility and to 
introduce a new type of affordable and smart 
transportation system. The main study area is Udhna 
and its various different internal areas i.e. Kharwar 
Nagar, HariNagar, Pandesara G.I.D.C, Bheastan, Unn 
and various other areas. 

Introduction to Study area 

The study area represented approximately 62 km2 
with a population of around 695028 as shown in 
Table 2 (source: SMC). South zone and its some areas 
are shown below. 

 

 

 

 

 

Table -2:  Zone, Area, Population, and Density of Surat 
city 

 

 
Fig -2: Udhna 

 
Fig -3: Kharwar Nagar 

Zone Area 

(in Sq. 
km) 

Population Density  
(sq.km) 

2001 

Census 

2011 

census 

Central 8018 413641 408760 49971 

South 

west 

111.912 242466 347447 3105 

South 61.764 407980 695028 11253 

South 

East 

19.492 397257 748304 38390 

East 37.525 711516 1137138 30303 

North 36.363 416370 705163 19392 

West 51.279 287144 424986 8288 

326.515 2876374 4466826 13680 13680 
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Fig -4: Khatodara 

 
Fig -5: Bhestan 

 
Fig -6: Unn 

Survey and Result 

Survey has been carried out with around 2000 
people who use BRTS for their daily trip. The 
questionnaire has been made up with the questions 
like how people reaches BRTS station, how they are 
reaching their destination from BRTS station, 
approximately how long they travel and their daily 
expense on the trip. The important question of the 
survey was, will they use Bicycle Sharing System as a 
feeder system of BRTS? The response to Bicycle 
Sharing System and percentage of the mode used by 
them while travelling from origin to BRTS and BRTS 
to Destination is shown below. 

1397

603

Like

Dislike

 
Fig -7: Survey Result about like and dislike of BSS 

 

Fig -8; Percentage usage (Origin to BRTS) 

 

Fig -9: Percentage usage (BRTS to Destination) 

From the result, we can conclude that above 50% of 
the BRTS users are using auto rickshaw as a Para-
transit mode while travelling in BRTS and around 
20% users don’t use any mode of transportation and 
reach BRTS station by walking. By introducing Bicycle 
Sharing System, people who are using auto rickshaw 
can save their money by using affordable Para-transit 
mode while people who are walking to reach BRTS 
station can save their time. From the survey result, 
criteria for providing Bicycle station have been 
decided which are described below. 

Criteria of Selecting Bicycle station 

There are mainly two types of Bicycle stations. 
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1. Small bicycle station (No. of bicycles=10) 
(provide near the BRTS station) 

2. Large bicycle station (No. of bicycles=20) 
(provide in the proximity to small station) 

Following parameters are taken into account for 
locating Bicycle station: 

 At every BRTS station: Bicycle station must be 
provided at every BRTS station so that accessibility of 
it can be an increase. 

 Population density: Population density is directly 
propositional to the type of bicycle station i.e. if high 
population density then large station and vice-versa. 

 The distance between two bicycle stations 
should be between 250m to 450m. 

 Flood level: In flood-prone areas, a small type of 
bicycle station should be provided. Near river and 
creek also small or medium type of bicycle, the 
station should be provided. 

 Depending upon the area i.e. 
residential/industrial/residential and industrial (mix) 
type of bicycle station should be provided. 

 Bicycle station can ideally build at on-street 
parking space or at car parking locations. 

 The areas which are generally not used such as 
areas beneath flyovers and bridges can be a good 
location. It may raise some safety ensuring questions, 
but those questions can be ironed out by providing 
appropriate lighting and station design. This way 
Bicycle Sharing System can convert obscure place 
into something more lively. 

 Places such as in between landscape areas, areas 
which are generally not utilized by pedestrian like in 
between tress, planter boxes or besides other 
structure such as pedestrian bridges (Footpath) can 
be used for bicycle sharing station without 
interrupting pedestrian flow. 

 Private property can be used as a bicycle station. 
Private property owner can be given benefits of 
bicycle station near their property in exchange of 
land for providing it.  

 Terrain condition: bicycle station should not be 
provided in hilly areas. 

 Available area: As per the area available type of 
bicycle station should be provided. 

 Railway track: Bicycle station should not be 
provided near railway tracks. 

 Bicycle station should preferably be provided at 
the intersection or corner of the road so that users 
can travel from multiple directions. 

 Bicycle station should be provided near major 
cultural, tourist attraction places of the area. 

 Bicycle station should be provided along the 
existing or proposed bike lanes if possible. 

 Bicycle station should be provided adjacent to 
major public spaces and parks of the areas. 

 Bicycle station should be provided near the 
major bus stop and railway station of the area. 

 Bicycle station density: 10-16 station/km2 

 Bicycle to population ratio: 10-30 bicycle station/ 
1000 person. 

Plotting of Bicycle Stations 

After considering the survey result and criteria for 
providing stations, plotting of the station has been 
carried out. The process of plotting and final drafting 
of the station is explained below 

Create the first draft of all stations 

It is very hard to find good station location which will 
give system a high usage. Stations should be 
provided at proper location which will generate high 
usage so as to obtain environmental stability and it 
should be provided at regular intervals. Stations 
should be roughly uniformly distributed according to 
the distance between them. The size of the station 
should be decided on the basis of demand and 
attraction of an area and it should be dependent on 
environmental condition around that area. Size of 
the station i.e. number of bicycles it will contain is 
the most crucial aspect of the system.  

Plotting of bicycle station can be done on paper or 
on software but if we plot on a map then minor 
details cannot be considered while if we do plotting 
on software, it could show mass transit stations and 
separate bicycle lanes and  any other prominent 
requirements or facilities. Then, applying the station 
density (number of bicycles in the station) parameter 
and station location guidelines, we can provide 
bicycle station. Plotting of bicycle stations has been 
done on Google earth software as per the criteria of 
the station plotting decided. In Google earth, bicycle 
stations are indicated by bicycle icon with the name 
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of the station on top of the icon. Then each and 
every station was physically inspected for the 
feasibility of constructing it at the provided places. At 
the end of the inspection, some of the stations were 
omitted because of the lack of feasibility of 
construction at the given places. At the end around 
265 stations were provided.  

 
Fig -10: Density map of Proposed Bicycle station 

 

Fig -11: Bicycle stations around Udhna Darwaja BRTS 
station 

 

Fig -12: Bicycle stations around Kharwar Nagar BRTS 
station 

Conclusion  

BRTS project has been initiated in most of the metro 
cities of India with an objective to provide mass 
transit but due to lack of the accessibility of the 
same; in some cities, it does not have a better 
response. In addition to this, there is more use of 
auto rickshaw and private vehicles which affect the 
adoption of mass transit facilities by people. Truly 

said by Gustavo Patro, mayor of Bogota, Colombia “A 
developed country is not a place where the poor 
have a car, It’s where rich use public transportation” 
In context to this, Bicycle Sharing System is proposed 
as a tool to increase the use and accessibility to 
public transportation. Moreover, it may be proved to 
be smart, affordable and eco-friendly feeder system 
which helps in improving the intra-zonal (zone to 
zone) accessibility and it can reduce the pollution 
level of a city.  

Bicycle transportation has become a legible mode of 
choice for urban commuting due to the enormous 
growth in bicycle sharing systems all over the world 
in the past decade. The transformation of bicycle-
share from the informal, “free bicycle for the 
community” system to its official integration into the 
city’s public transport systems is an important step in 
creating more equitable and sustainable cities. An 
individual freedom of movement without the Carbon 
Dioxide emissions, congestion, and overuse of scarce 
street space that cars demand is something bicycles 
can only allow. In the more than 400 cities that have 
implemented bicycle sharing system, more people 
are now experiencing the health benefits, cost 
savings, flexibility, and enjoyment of the city that 
comes with cycling. As more cities consider bicycle-
share, cities and streets are once again becoming 
dynamic places for people and not just cars.  

Thus, B-T (Bicycle-Transit) innovative integration 
helps in improving the quality of life of people, 
reducing pollution and increases the overall growth 
of the city. 

Future Scope 

The main barrier in accepting this innovative 
integration is the mindset of the general public. 
Furthermore, if the separate track of bicycles is not 
provided, there will be the interruption of bicycles to 
the general traffic. There would be the fear of 
vandalism and theft of a bicycle and the 
inconvenience and cost of owning and maintaining a 
bicycle. 

Further work can be carried out using provided 
information and suggested parameters, for other 
zones of Surat city to propose bicycle sharing system 
as a tool, to reduce pollution and to increase 
accessibility of BRTS and internal zones as well. Also, 
similar exercise may be performed for a number of 
cities considering population, topography, profile, 
present condition of mass transportation and 
important data required for designing this system. 
Currently, as per the 2011 census, our country is 
looking forward to 30% urbanisation by 2020, and a 
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whopping population of 1300 M. the challenges, for 
a transportation engineer, to design the efficient and 
environmentally friendly transportation system, shall 
be enormous in future. Such initiatives like BSS can 
be a solution to many challenges. 
In addition, the system can further be upgraded to 
second, third and fourth generation. When saturation 
limit of population and pollution will arise, the 
bicycle sharing system proved to be a best eco-
friendly alternative for transportation. As Bicycle 
Sharing System will introduce, to decrease the traffic 
congestion by auto rickshaws, we can introduce an 
odd-even system for auto rickshaw in a particular 
zone or zoning of auto rickshaw can be done. 
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