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Summary

The world currently faces three global challenges that relate to the way we travel and commute: 
global warming, peak oil1 and energy security. In order to overcome these challenges, munici-
palities will need to rethink current public transportation systems. This paper assumes that inte-
grated transportation planning (involving public transportation, bicycles, walking and cars) will 
be key to enabling mobility while addressing greenhouse gas emissions, fuel consumption and 
energy usage. Working from that assumption and building on a previous study of the Heinrich 
Böll Stiftung (Green Solutions to the Auto Crisis2 ), this paper highlights examples of successful 
car and bike sharing programs in the US and Europe and explores how both can be integrated 
into sustainable transportation systems to relieve some of the environmental and structural pres-
sures cities face. The end goal of such an integrated transportation system would be to provide 
exactly what private car ownership does: freedom of movement, flexibility, and convenience. This 
paper concludes that station-based and flexible car and bike sharing programs can contribute to 
sustainable transportation and that context should determine which programs are implemented. 
Such sharing programs can quickly and efficiently offer additional sustainable transportation 
choices, thus making the decision not to own a personal car more attractive and clearing the way 
for an integrated sustainable urban transport system.

1.	 Peak oil refers to maximum global production of petroleum, after which point production declines. This is perti-

nent in light of relatively steady demand for petroleum products in developed countries and expanding demand in 

developing countries.

 2.	See Canzler and Knie (2009) www.boell.de/economysocial/publications-7795.html
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1. Urban Areas, Transportation and Global Challenges
Transportation is an integral part of life in the United States and the European Union. Transpor-
tation systems link cities, allow people to travel and commute to work and enable goods to cross 
borders and reach markets. The transportation systems that have developed in the US and the 
countries of the EU since the early 1950s have national characteristics, but also share one common 
element—a rooted and often increasing reliance on the personal automobile for transportation. 
Transportation systems in many cities and regions are already strained and will be under more 
pressure as cities keep growing and urban populations increase.

On a global level, the world currently faces three challenges that directly relate to the way we travel 
and commute: global warming, peak oil and energy security.
 
Public transportation provides an energy efficient means of mobility for many who cannot afford 
a personal car and for those looking to live without one. Yet, many commuters and others appear 
unwilling (or unable) to end their dependence on private automobiles. Long commutes and traffic 
jams aside, cars offer three important things: freedom of movement, flexibility, and convenience. 
To move more commuters away from cars, municipalities may have to rethink current public trans-
portation systems, which usually consist of bus, subways, and commuter rail. Innovative options, 
like new light rail systems and bus rapid transit, can offer expanded options. Still, these transport 
modes are very different from individual transport solutions (i.e. use of the personal car or private 
bicycles) and cannot offer the same flexibility and convenience. New developments in car and 
bicycle sharing can bridge the gap between communal and individual transport modes.

Integrated transportation planning, involving public transportation, bicycles, walking, and cars, 
will be key to providing mobility while also addressing problems of energy usage, greenhouse 
gas emissions, and noise and air pollution. This paper explores whether new approaches to urban 

Max Grünig, Fellow, Ecologic Institute, Berlin, and  
Dominic Marcellino, Fellow, Ecologic Institute, Washington DC

A Missing Link to Sustainable Mobility: 
Connecting Public Transportation to Car and Bike 
Sharing Programs 
Best Practice Examples from Europe and the U.S.
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3. This discrepancy does not necessarily indicate an actual difference between the US and the EU, as aviation and 

maritime travel between EU Member States are counted as international transportation and thus not included in 

the national inventories. In contrast, all transportation between states in the US, including domestic aviation, is 

included in these accounts.

transport integrating car sharing and bicycle sharing systems can contribute to relieving the pres-
sures that cities face today. Integrating car and bike sharing into transportation plans and com-
bining them with public transportation could go a long way toward providing what private car 
ownership does: freedom of movement, flexibility, and convenience. Moreover, cities and regions 
have limited budgets but need immediate solutions.

To explore this question, section 2 begins with a short description of the car dependence of current 
transportation systems in the US and the EU. Section 3 looks at examples of successful car shar-
ing programs in both regions, while section 4 describes bike sharing programs. In section 5, the 
possibilities of integrating transportation systems with bike and car sharing is explored; section 
6 concludes with several recommendations from best practice examples and notes outstanding 
research questions.

2. The Car Society
In their own ways, the US and European countries have developed transportation systems which 
depend largely on private passenger cars for personal transportation. In the US, the modal share 
of passenger cars is 87% of passenger kilometers traveled, while in the EU-15 it was 76% in 2005 
(OECD 2006). At the same time, the trend towards urbanization continues unstopped both in the 
US and in the EU. Some 80% of the US population now lives in metropolitan areas, although den-
sity levels continue to decline at the urban fringe. In the EU, approximately 75% of the population 
lives in urban areas (EEA 2006). The construction and expansion of road networks over the decade 
has enabled urban sprawl, which contributes strongly to road congestion, air pollution, noise, 
and road accidents. As the extent of settled regions expands, centers of population, employment, 
culture, and leisure have become more diffuse requiring more driving. In some ways, a feedback 
loop has been established: more development requires more roads, which in turn encourages more 
development, exacerbating pollution and congestion issues. 
 
The transportation of people and goods is responsible for between a fifth and a third of national 
greenhouse gas (GHG) emissions: In the US, this share is slightly higher than in most European 
countries (about 30%, see EIA 2008). In the EU, transport GHG emissions represented 22% of 
total EU-27 emissions in 2005 (EEA 2008).3 CO2 emissions from transport are rising very quickly 
on both sides of the Atlantic: average annual growth in the US between 1990 and 2006 was 1.5% 
(EIA 2008), resulting in an accumulated growth of 27.2%. In the EU, growth of total transport 
GHG emissions over the period was 28%.

The transition to a more sustainable transportation system will involve less dependence on private 
automobiles, though they will most likely continue to be the dominant means of transportation for 
some time. To envision a transition away from “The Car Society” to an integrated transportation 
system first requires an assessment of where things stand in both the US and the EU.

2.1. The US 
Suburbanization in the US has evolved in tandem with increased use of the personal car, making it 
possible to commute longer distances from sparsely populated areas with little or no public trans-
portation to the workplace and back. An extensive highway network of 46,873 miles of Interstate 
Highway, 115,500 miles of other National Highway System roads and 3,849,259 miles of other 
roads facilitates the use of cars for daily commutes and other travel in the US. 
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American households spent on average $8,758, or 18% of the disposable income, on transporta-
tion in 2007 (RITA 2009). Out of this amount, $8,220 went to private vehicle expenditures with 
only $538 for non-car transportation, which included $360 on airline fares. Households on average 
spent only $69 for local public transportation services. These expenditures mirror the commuting 
modal share in the US. As with expenditures, commuting is heavily skewed toward driving. In 
2007, 86.5% of commuters drove to work, with over 76% driving along. Public transportation had 
a commuting mode share of 4.9%, walking 2.8%, and bicycles 0.7% (DOT 2008). It is not surpris-
ing, then, that public transportation systems often run deficits, struggle to maintain operations, 
and need public subsidies.4 Only 9% of American households have no car at all, while 58% have at 
least 2 vehicles (RITA 2008).

In addition to direct cost, spending time driving to and from work results in substantial opportu-
nity costs. The Bureau of Transportation Statistics reports that 2.9 billion gallons of petroleum 
were wasted in 2005 due to congestion—enough to fuel the entire transportation fleet for over 6 
days. The Texas Transportation Institute (TTI) found in 2005 that “traffic congestion continues to 
worsen in American cities of all sizes, creating a $78 billion annual drain on the US economy in the 
form of 4.2 billion lost hours and 2.9 billion gallons of wasted fuel.” (Memmot and Young 2008)

The built environment has a major impact on how citizens use the various modes of transport. 
A recent study by the Transportation Research Board finds that more compact and mixed-use 
development would reduce vehicle miles traveled, energy use, and CO2 emissions between 1% and 
11% by 2050.5 The report finds that policies that support more compact, mixed-use development 
should be encouraged—where mixed-use refers to the co-location of residential and commercial 
development, especially essential services, which allows for the integration of work and homes in 
the same neighborhood. Furthermore, mass transportation options fare much better in areas with 
higher population density as the potential ridership base is greater. Obviously, it is not possible to 
transition from current land use planning to this vision overnight. Planning and legal changes, 
among others, will have to be implemented over many years. Additionally, the transition will need 
a number of very flexible approaches that can precede mass transportation developments. 

2.2. European Union
The countries of the European Union have developed their own car society, though the average 
commute differs quite significantly from Member State to Member State. While Hungarians have 
daily commutes of 51.2 minutes, Portuguese get to work in only 29.2 minutes.6 

Recent data on travel in Germany7 illustrate transportation choices in Europe’s largest economy 
and leading auto manufacturer. According to the data, six out of ten German commuters use a 
private car to get to work (59.6%). Just 3.5% commute to work in a car pool. In contrast to the 
statistics for the United States mentioned above, a much higher percentage of workers commute 
using public transportation (13% use the bus or commuter rail), ride their bikes to work (8.3% and 
increasing), or walk (9.5%). The data provide reasons for both hope and concern. Short distances 
are increasingly covered by bike and foot, but the length of the average commute in Germany is 
increasing. Inducing greater modal shift should be a clear policy objective.

4.	 Calculations of the cost of driving neglect the cost and maintenance of roads, which are also not many making 

enterprises, but require dedicated revenue (derived in part from gasoline taxes, for example, in the US).

5.	 TRB (2009)

6.	 EFILWC (2002)

7.	 Statistische Bundesamt (2009)
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8.	 Department for Transport (2008) 

9.	 EU (2006)

10.	EEA (2006)

11.	Allianz pro Schiene (2009)

In the UK, road traffic increased by 87% from 1980 to 2007. In 2006, 85% of commuter and 
business car trips had only one occupant. The share of households without a car dropped from more 
than 40% in 1980 to 24% in 2006. While the total distance travelled by car rose 66% between 
1980 and 2006, the use of bicycles fell by 17% in the same timeframe. One factor explaining 
these trends is the underlying costs: the real costs of car travel fell over the decade from 1997 to 
2008, while the price of bus and rail fares increased. As a result, total bus and light rail journeys 
decreased between 1985 and 2008. Today, 71% of commuters in the UK reach work by personal 
car. The average commute length increased from 8.2 to 8.7 miles between 1995 and 2006. At the 
same time, the average commuting time increased from 24 to 27 minutes on average.8 
 
Though the EU has a deserved reputation of greater public transportation use vis-à-vis the US, the 
EU’s policy focus on the sustainable use of resources, including attention to transportation,9 has 
not stopped urban sprawl in any of the EU Member States.10 Even in Germany and the UK, the 
need for new ideas to better integrate public transportation and other non-auto means of transpor-
tation to create a sustainable system is clear.

2.3. Mapping sustainable urban transport
Despite the figures of opportunity costs, longer commutes, and congestion, the car is still the over-
whelmingly preferred means of transportation in the US and Europe. Among other reasons, cars 
are driven because they provide (or are perceived to provide) freedom of movement, flexibility, and 
convenience. Further, driving is often perceived as an inexpensive means of transportation, and 
perceptions matter. An assessment of actual driving costs in Germany reveals a different reality: a 
recent study found a kilometer by public transport in Germany costs on average 0.15 Euro, while 
a car kilometer comes to 0.60 Euro.11 One reason for the continued preference of the automobile 
is the fact that the car owner usually only faces singular expenses—such as the annual insurance 
premium or the bill at the gas station—but never the costs of each actual trip. Thus, any incremen-
tal trip is perceived as free. Moreover, the high costs of car ownership may tend to induce owners 
to maximize the use of their investment by increasing their car use. Utilizing public transport often 
takes the form of a monthly bill or even a per trip payment. Car and bike sharing programs usually 
translate into direct payments per trip, making the price of each trip clearer to consumers. 

Commuting not only costs money, but is also a major health hazard in terms of: stress, risk of 
accidents and depression. Stutzer et al. found in 2004 that the benefits of commuting are usually 
far outweighed by its negative impacts, stating that commuting is the daily activity with the lowest 
positive economic effect (Kahnemann et al. 2004).

These trends merge with the numerous pressures facing municipalities and regional governments 
arising from the high relevance of cars for the daily commute: air pollution, noise, road accidents 
and most of all congestion. At the national level, high car dependency has strong implications for 
climate change policy, peak oil and resource dependency. 

It is therefore imperative to look for innovative approaches to urban transport that work with the 
infrastructure that exists today, while moving toward different models of transport in the future 
that give prominent roles to public transportation, bikes, walking, as well as cars. Most scholars 
agree that there is no silver bullet, i.e. no ultimate mode of transport, and the transport community 
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rather high GHG reduction costs. However, taking into account all costs and benefits (such as health, road safety, 

avoided infrastructure costs, consumer savings, projected tax revenue growth and higher quality of life) results in 

fairly positive returns. 

13.	Get the price right: Prices that reflect the true costs of transport will allow customers more informed decision 

making; 2. Integrate transit, cycling and walking as viable alternatives to the car: create an integrated transport 

network; 3. Fully coordinate and integrate planning for land-use and transportation to discourage further urban 

sprawl; 4. Distribute public information and education to make changes feasible; 5. Implement policies in stages 

with a long-term perspective.

14.	The other four measures outlined by Buehler et al., (2009) should be considered together for a comprehensive 

outcome, but doing so is beyond the scope of this paper.

is accordingly looking for an optimal mix of modes, i.e. an integrated sustainable urban transport 
approach.

Planners can use or combine approaches: 1. improve system efficiency by fostering the use of more 
energy efficient modes of transport; 2. change the profile of fuels used; and 3. reduce transporta-
tion demand. These strategies are not mutually exclusive. However, rebound effects may occur if 
the improvement in the system efficiency is such that total transport demand increases beyond the 
business-as-usual case.

The range of possible measures is quite broad, as the basic idea of integrated sustainable planning 
includes all aspects of the system. Thus, transport planning does not simply ease the pressure from 
demand but rather anticipates and acknowledges impacts on all areas.

A study by the Center for Clean Air Policy finds that smart growth measures and increased trans-
portation choice reduce emissions and result in net savings.12 The report further finds that applying 
best practices could reduce vehicle miles travelled by 10% by 2030 and thus contribute 6% to the 
necessary GHG emission reductions in the US. Buehler et al. (2009) divide the task into five steps. 
For purposes of this brief, the second step13—coordinating public transportation, cycling, and walk-
ing as a viable alternative to driving—is the starting point for the consideration of the contribution 
car and bike sharing plans can make to an integrated transportation network.14 
 
Building on the fact that both the EU and the US are predominantly car-based societies, we will 
look into options that offer flexibility and convenience similar to owning and driving a personal car, 
but have fewer negative impacts on the environment and urban living.

Both car and bicycle sharing systems augment traditional mass transportation options, which can 
be characterized as rigid, but can reduce the need for personal car and bicycle ownership. 

Car sharing programs can offer optional car access. In combination with public transportation 
options, they can achieve a level of service that matches or even outpaces the performance of a 
personal car: The combination of car sharing and mass transportation is less expensive overall 
than owning a personal car and using it as a sole means of transportation. Further, it provides the 
commuter and traveler with flexibility and convenience, which is lacking in some transportation 
systems. Using mass transportation can be faster and more convenient in many situations, but 
some commuters are understandably wary of reducing their options for mobility to public trans-
portation alone. With integrated car sharing, a car can be booked for trips that leave the grid of 
public transport or for transporting purposes. Offering car sharing, thus, reduces the need to own 
a car in an urban environment.
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15.	Zipcar’s experience at four suburban transit stops in New Jersey (in a cooperative agreement with New Jersey 

Transit Authority) may serve as a model for integrating car sharing in less-densely populated areas. See Schweber 

(2008).  

Bicycle sharing services, similarly, function best as an add-on to the existing public transportation 
network. Very often, the bicycle will allow a faster and more convenient journey. Cycling infra-
structure, such as bicycle lanes and bicycle traffic lights, is imperative to the expansion of bike 
sharing programs and biking in general. However, in adverse weather conditions and for longer 
distances, mass transportation will be the preferred option. The addition of a car sharing program 
can cover longer distances or the transportation of goods.

The experience of car and bike sharing programs in the US and the EU, as we will explore below, 
points to the promise of these systems in creating this integrated network – especially when com-
bined and integrated with pedestrian options and reliable public transportation. 

3. Car sharing programs
When calling for an integrated sustainable urban transportation network, cars cannot be left out of 
the equation. However, as examples in the EU and the US demonstrate, the role of the automobile 
does not need to be constrained to private cars. Strategies aimed at reducing car use have had a 
difficult time on both sides of the Atlantic. A better strategy may involve accepting a prominent 
role for cars while attempting to better understand and react to the transportation situations where 
cars are preferred. One cannot lose sight of the main advantages of cars vis-à-vis other modes—
freedom, flexibility, and convenience. Car sharing systems can offer these advantages, but do not 
require car ownership. At the same time, the shared car will attach a price to each trip which 
in turn reduces the tendency for car overuse. Though the costs of using a car with a car sharing 
program are lower than car ownership, the pricing structure combined with the lack of ownership 
in a car sharing program will lead to members using cars less often than those who own their car.
Car sharing is an option to address some of the issues mentioned in the previous section on the Car 
Society. First of all, it delivers a true price for car use, reflecting the full costs of car ownership 
and use through the usage fee. Secondly, it can be a solution to integrating cars into the network 
of urban mass transportation modes; car sharing offers more flexibility as well as the capacity to 
transport goods or passengers and to reach destinations outside the public transportation grid. 
Furthermore, car sharing has functioned best in compact urban environments. Car sharing may not 
be a solution for addressing suburban commuting, though this is not certain. 15

Car sharing programs have been around since the 1970s. Despite recent growth, acceptance has 
been limited. This section will showcase examples of successful approaches to car sharing. Differ-
ent types, models, and scales of car sharing programs exist. Most are station-based, where users 
pick up and return the vehicle at designated rental stations. In some instances, it is possible to rent 
the car at one station and to drop it at another; in others, it is necessary to return the car to the 
same location. Recently, flexible car sharing programs have been introduced, where cars can be 
rented and parked independently of stations.

Although car sharing programs reduce the need for car ownership—reducing trips, lowering envi-
ronmental impacts, and taking pressure off urban parking—the environmental impact of a car 
sharing program depends largely on the fuel type and efficiency of its fleet. Some car sharing 
programs have dealt with this issue directly, while others focus simply on reducing car ownership—
pointing to an area where continued improvements can be made. 
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16.	La Rochelle (2009)

17.	La Rochelle (2009a)   

As mentioned above, driving can be more expensive than other modes of transportation, but the 
choice to drive is not solely a rational, economic one. Kahnemann et al. (2004) found that com-
muting is the economic activity with the lowest positive economic effect. Moreover, driving and 
owning a car is frequently an emotional topic. Car owners identify themselves through the model 
they own, and driving is perceived as being synonymous with autonomy and flexibility (Steg and 
Tertoolen 2004). It is important to acknowledge these emotional factors when offering alternatives 
to the passenger car. This implies that shared cars have to be attractive (aesthetically and not just 
in terms of price), and participation must be an act whereby one can convey personality, autonomy, 
and a particular image.

The following sections will look at examples of different types of car sharing programs and begin 
to assess the extent to which car sharing can meet driver’s expectations, while providing flexibility, 
freedom, convenience, and reducing environmental impacts.

3.1. Station-based car sharing
All the early approaches to car sharing used a station-based model. There are a number of separate 
efforts and organizational structures. The following paragraphs will highlight the diversity of pro-
grams: from the one-ticket integrated system in La Rochelle, France, to the plans for an electric car 
sharing fleet in Paris; from for-profit Zipcar, to the myriad non-profit companies offering service. 
With this diversity, cities and municipalities have a number of options and can learn from experi-
ence in towns and large cities.

One of the earliest examples of station-based car sharing can be found in La Rochelle, France. 
Since 1971, the city of La Rochelle—with 78,000 inhabitants—has sought an integrated approach 
to public transportation: The entire transport system is accessible through a single electronic ticket 
—the “yélo” card – which allows its users to ride buses and the ferry, and also to rent bicycles, 
taxis and electric vehicles, and to pay for the park & ride and all other services.16 Customers can 
add value to their accounts online.17 Also, the online-service offers a very wide array of informa-
tion. Most services can be either paid on a subscription or pay-per-use basis. Moreover, subscribers 
benefit from a vast range of savings on all included transport modes.

Since 1999, a station-based car sharing system has been part of La Rochelle’s transportation plan. 
The electric car sharing fleet—Liselec—offers 50 cars at 7 stations. Liselec is a public-private 
partnership, and the city is a major stakeholder. The service had 485 users by the end of April 2002 
(Bacchus 2002); most users are male and young, and 33% are students. Each month, 2,500 trips 
are made with an average duration of 30 minutes over 6 km. Most users make direct point-to-point 
journeys. While there are parking fees in the center of La Rochelle, Liselec drivers can park for free 
throughout the city, which adds to the attractiveness of Liselec versus using a private car. 

The Syndicat mixte Autolib’ is currently developing a system of electric car sharing for the city of 
Paris (Fierling 2010). A fleet of approximately 3,000 cars will be deployed to 1,000 rental sta-
tions throughout Paris and some neighboring cities. The service is set to begin in mid 2011. The 
large number of rental stations will require vast investments in infrastructure, as each station will 
have to feature charging outlets for the electric vehicles. The rental rates have not been finalized, 
but they are expected to be between 4 to 5 Euro per half hour rental with a monthly subscription 
of 15 to 20 Euro (Fierling 2010). The scheme will allow users to rent a car at one station and to 
drop it at any other station. Autolib’ will be a public service operated by a subcontractor for ten 
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18.	Carsharing.net (2009) 

19.	Zipcar (2009)

20.	Worminghaus (2009) 

years. The subcontractor will earn revenue through subscriptions and rentals, but Syndicat mixte 
Autolib’ will provide initial support for the rental stations. This agreement will ensure access to 
attractive locations for rental stations.

The large-scale introduction of electric vehicles in a car sharing program can help solve numerous 
issues simultaneously: it will both lower local air pollution and reduce GHG emissions, and also 
help to create a market for these emerging vehicles. Electric cars will probably be very expensive 
due to the high battery costs and may, thus, face serious obstacles preventing their widespread 
adoption. Electric car sharing fleets could help these cars move down the production cost curve.

In the US, the car sharing universe is populated by for-profit and non-profit firms offering station-
based programs. As of July 2009, there were 26 car sharing programs in the US, with over 7,700 
vehicles and over 320,000 members.18 The for-profit side is dominated by Zipcar, while there are 
city-specific non-profit companies as well. Both models have proven successful, giving commuters 
and cities alternatives when it comes to station-based car sharing models.

Portland was home to the first car sharing program in the United States: Carsharing Portland, 
which started business in 1998. A series of mergers led to Zipcar—a for-profit company with car 
sharing programs in dozens of cities and universities—running the main car sharing system in 
Portland. The Zipcar website boasts “hundreds of Zipcars in Portland.”19 The vast majority of the 
cars are downtown in the central business district. This puts the cars within easy walking distance 
of the high density of jobs downtown. Further, they are clustered around the Transit Mall (the con-
junction of Portland’s bus and light rail lines) and the Portland Streetcar, directly linking Zipcars 
for short daily use with public transportation to get into town and for some direct trips. Zipcar 
offers only roundtrip rentals where the cars are returned at the point of lease. This precludes the 
use of Zipcars for daily commuting, but allows it to remain an option for business-related trips 
during the work day. Zipcar offers drivers a range of cars for different purposes—from passenger 
cars, to trucks and crossovers for large loads, and even convertibles and higher end models. Fur-
thermore, with plans to continue expanding and its presence across the United States, Zipcar will 
be a potential partner for many different municipalities.

The non-profit car sharing model has also been developed successfully in several American cities. 
I-GO Car in Chicago, PhillyCarShare in Philadelphia, hOurcar in Minneapolis/St. Paul, and City 
CarShare in San Francisco and Oakland compete directly with Zipcar and offer cars at similar 
daily and hourly rates in numerous locations. In Boulder and Denver, Colorado, eGo CarShare 
rents 15 cars—many of them donated by members. Like other non-profit car share companies, eGo 
CarShare is mission-based—the intent of the program is to reduce car ownership and driving by 
offering alternative transportation. For eGo CarShare, the non-profit model was chosen to enable 
the company to pursue its vision and not to have to respond to investors or profits. The location 
of cars is based on proximity to public transportation, bike and pedestrian paths, and pockets of 
population. The company’s model has worked well enough that it expanded to Denver in early 2009 
and plans to add more cars there soon.20 

The relative success and extent of car sharing programs in American cities correspond with par-
ticular characteristics: concentrated centers of population and employment and the availability of 
other transportation options. The cost of vehicle ownership and the availability of parking are also 
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21.	car2go (2009)

22.	Daimler (2009)

factors. Unlike in the EU, US car sharing programs have been privately run to this point, under-
scoring the need for more formal integration of availability and location of cars in order for car 
sharing to integrate fully with a sustainable transportation system.

Station-based car sharing models have been successful in many different settings with different 
business models. Station-based models do require substantial investment in rental stations and 
incur operating costs for maintaining the rental stations. Furthermore, having to rent and return 
cars to a particular place can reduce the flexibility and convenience of the system—especially if 
cars are concentrated in one area of town. 

One of the core advantages of car use is its door-to-door operability. The advent of new technolo-
gies such as the internet and satellite geo-positioning enables the creation of more flexible car 
sharing schemes. At the same time, station-based models have advantages of experience and lend 
themselves better to electric fleets, meaning these firms and models will continue to play a leading 
role in car sharing.

3.2. Flexible car sharing  
Flexible car sharing is a new approach to car sharing that is expanding quickly. In 2008, Daimler 
introduced its flexible car sharing program (car2go) in the German city of Ulm, a city of 120,000 
inhabitants. The service relies on a fleet of 200 Smart Cars stationed throughout the city. Users 
have to register with the service in order to receive an RFID chip on their driver’s license. The chip 
then opens any of the fuel efficient Smart Cars (3.4l per 100 km). Pre-booking or reservations are 
not necessary, but are possible. Users can either simply find one of the specially-painted cars on 
the streets of Ulm, or they can locate the next available car2go on the internet. Service fees are 
only 0.19 Euro per minute and include all costs, from fuel to parking fees.21 The Smart Cars are 
permanently monitored and can be relocated, if they are found unused in their current location. 

The scale of interest in car2go has outstripped expectations: More than 10,000 citizens of Ulm 
have registered for the program—over 10% of the driving population.22 Within the first three 
months, there were more than 50,000 rentals, and the capacity of the fleet to meet demand was 
being strained. Usage rates are high enough that Daimler will increase the number of available 
cars in the near future. The success in Ulm has lead to many other German and European cities 
requesting car2go for their municipalities.

Spurred by the positive response in Ulm, car2go decided to launch a flexible car sharing program 
in Austin, Texas, with a fleet of 200 Smart Cars in late 2009. The project in Austin will be a trial 
run in the US to test the potential of the model in American cities.

Car2go has succeeded by providing a positive, innovative, and unique image to car sharing. Users 
can thus combine the emotional aspects with the practical advantages of sharing a car. Further, 
car2go benefits from broad support by the city of Ulm. Parking is available free of charge, and 
special parking spaces are reserved for the Smart Cars. Other than this structural support, car2go 
is a completely corporate-funded scheme and exists because it is profitable—and, therefore, eco-
nomically sustainable. The system relies on relatively little physical infrastructure besides repair 
shops and relocation teams. Like Zipcar and other car sharing programs in the US, but unlike the 
systems in La Rochelle and Paris, car2go offers an approach to car sharing that is very attractive 
to municipalities facing limited or shrinking budgets. For car companies such as Daimler, car2go 
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23.	See BMU (2009)   

is an important first step in the transition from selling automobiles towards becoming a mobility 
provider.
 
Flexible car sharing schemes as well as station-based schemes depend on the degree of integration 
with the existing transport network. Measures to foster the integration can include: linking to all 
modes of public transport; incentives such as free parking and access to restricted areas for users 
of car sharing; as well as linking car sharing with other novel approaches such as bicycle sharing.

4. Bicycle sharing
While car sharing offers access to cars to car owners and non-owners alike, the intent of bicycle 
sharing is to introduce and enable bicycle use to non-owners. Further, bike sharing and car sharing 
can complement each other—with cars for longer trips and trips for multiple people or with large 
loads—and bikes for shorter and individual trips.

As bicycle sharing programs look foremost at encouraging new bicycle users, it is crucial to ease 
the transition by making biking safe and enjoyable. In the first place, this implies the extension (or 
creation) of bike path and bike lane networks; it also entails conveying the positive effects of using 
shared bicycles. Bike sharing can be combined with public education campaigns encouraging less 
driving. A very successful campaign in Germany is encouraging car owners to walk and bike for 
short distances below 6 km—bicycle sharing opens this option to those who do not own their own 
bicycle. The main focus is personal health and fitness, but also highlights the monetary benefits of 
not driving. The campaign uses very provocative slogans and employs unorthodox measures such 
as hugging bikers and pedestrians.23

Shared bicycles are specially designed to prevent theft and ensure that users can easily identify the 
rental bikes. Furthermore, a special design provides free marketing through the visibility of the 
bikes in the cities. Most bicycle sharing programs rely on a grid of rental stations. In most cases, it 
is possible to rent a bicycle at one station and to return it at another. Recently, flexible bike sharing 
programs have emerged which do not rely on rental stations for their operations. 

In the following section we explore examples of station-based and flexible bicycle sharing platforms.

4.1. Station-based bicycle sharing
Just as with cars, the first approaches to bicycle sharing used a station-based model. In La Rochelle, 
rental bicycles were introduced more than 30 years ago: Since 1976, 150 bikes can be rented at 26 
self-service stations throughout the city. The service will soon reach 250 bikes at 50 stations. Users 
can rent a bike at one station and return it at any other rental station. The rental requires a yélo 
card. However, tourists can rent a bike at a specially-dedicated station. The first half hour is free of 
charge (2 hours for tourists). It is also possible to rent the bikes long term, from 2 months up to a 
full year. The city boasts 150 km of bike paths in addition to several secure bike parking locations.

Bicycling has been identified as a major opportunity to improve urban transport conditions in 
Paris, France. The total length of Paris’ bike paths is 400 km in 2007, up from 8.2 km in 1995. 
The number of bikers was 100% higher in 2007 compared to 1997. In order to increase the modal 
share of bicycling, Paris introduced a station-based bike sharing scheme in 2007. 

The bicycle rental system “Vélib” debuted in 2007 with over 18,000 rental bikes and over 1,000 
of rental stations. Bicycles can be rented on a one-way basis, i.e. do not need to be returned to the 
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24.	City of Boulder (2009)   

same rental station. A user can pay an annual membership fee ($35), but one day and one week 
passes are also available; for each rental, the first 30 minutes are free of charge, and fees are time-
dependent after that. However, the project is mainly financed through advertising on the stations 
and bikes. Daily use averages 60,000 to 95,000 trips. Moreover, Vélib has contributed to changes 
in commuting behavior in Paris. Where bikes were formerly used primarily for sport or excursions, 
Vélib has led a wave of commuters choosing bicycles for commuting; based on their experience, 
many riders have chosen to purchase their own bicycles. The system has had issues with vandal-
ism and theft, but operator JC Deceaux has attributed much of this to social unrest unrelated to 
bicycling itself and has improved security over time. 

In Washington, DC, a small-scale bike sharing program (SmartBike) was introduced in 2009. With 
120 bikes and ten parking stations, SmartBike offers an additional mobility option in the central 
business district of Washington. SmartBike is a system developed by Clear Channel Outdoor, whose 
first bike sharing program began in Rennes, France, in 1998. Interested riders register online and 
pay an annual subscription fee. Subscribers receive a SmartBike card, which can be used to rent a 
bike on demand from any of the stations. The subscription costs $40; a replacement fee of $550 is 
charged if a bike is not returned within 24 hours. Available bikes can be located online. 

Another bicycle sharing program is the Bixi model from Montreal, Canada. The city developed its 
own proprietary system with modular, off-grid parking units that can be moved and removed based 
on usage. Moreover, the success of Bixi, also called the Public Bike System, enabled the organi-
zation to win bids for bike sharing programs in London and Boston, Massachusetts. The Boston 
system will open in spring 2010 with a large number of bikes and stations with the particular 
number to be determined. Starting with a modular system with a large scale provides immediate 
infrastructure and a variety of drop-off options to commuters and riders who would be interested in 
using a bike, but who might be unable to in a small-scale fixed system like that in Washington, DC.

The potential for bike sharing to increase the modal share for bikes may be best tested in Boulder, 
Colorado and Portland, Oregon. Neither city has a bike sharing program, but both boast a large 
percentage of the population who already uses bikes, they have strong bicycle infrastructure, and 
integrated transportation planning. Boulder is considering the introduction of a bicycle sharing 
program with a series of stations integrated over the internet. Initial funds (federal, local, and 
private) would establish the program, but the intention is to create a self-funding program in the 
long run—this is critical in light of Boulder’s strained financial resources for public transporta-
tion. In addition to reducing the need for personal vehicles, the plan is also intended to encourage 
the linking of public transportation and bikes for commuting; bikes would serve as the means of 
transportation for the first or last mile of a commute. Boulder already has a bike modal share of 
8.9%, over 12 times the national average 0.7%.24 GO Boulder also launched the GoBikeBoulder.
net site in 2007 to aid riders by providing turn-by-turn directions. Portland shares many of the 
same characteristics and considered introducing a bike sharing program in the past. The cities 
would be key testing grounds for the contribution bike sharing can make to a sustainable transpor-
tation system in the US.

Station-based bike sharing programs rely on significant investments in rental stations and can 
offer only as much convenience and flexibility as there are rental stations. Still, the success of 
programs in Paris and Montreal, the introduction of a system in Washington, DC, and plans for 
introducing a large system in Boston demonstrate that bike sharing systems have clear appeal to 
cities, commuters, and riders. With an extensive and integrated system—as in Paris—bike sharing 
can even change transportation behavior.
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4.2. Flexible bicycle sharing
Building on the idea that shared bicycles should be available everywhere in the city center and 
not just at rental stations, Deutsche Bahn introduced its bike sharing Call-a-Bike in 2001, first in 
Munich, then in Berlin, and now in many other German cities. In 2009, there were over 110,000 
registered users, and they are projected to rent the bikes about 800,000 times. Clients are mostly 
male (77%) and young (55.5% under 35 years). 68% have a higher education degree and 41% a 
net income above 2,000 Euro per month. 82% used the bikes in the spare time, 42% were tourists 
(Knie 2009). Most customers are satisfied with the service.

Users have to register once to join the program. From then on, a phone call with their mobile phone 
provides them with a one-time access code to the chosen bike to unlock the bicycle’s electronic 
lock. Users can then park the bike anywhere in the city and are charged based on the time used. 
Deutsche Bahn frequently collects bikes that are unused and relocates them to transport hubs such 
as railway and metro stations.

The program has been very successful both with tourists and locals. Flexible bike sharing could 
be further improved by incorporating satellite geo-positioning technology which would have two 
benefits: users could locate the next bicycle very easily using their mobile phone or from a desktop 
computer, and the service operator could easily retrieve lost or stolen bikes.

Call-a-Bike is a 100% subsidiary of Deutsche Bahn and operates the service on a for-profit basis. 
Deutsche Bahn views its activities as a mobility provider, whose services encompass rail, car shar-
ing, cargo and other forms of transportation (Canzler and Knie 2009).

Flexible bike sharing is certainly only an option in high-use cities where a considerable number of 
bikes can be deployed. The users will then spread the bicycles randomly and achieve a more or less 
even distribution over time. This system can be extremely successful, as can be seen by the sheer 
numbers, and does not rely on major infrastructure investments, making it an option for financially 
restricted cities.

5. Integration with mass transit systems
Bicycle and car sharing programs will provide the largest benefits when they are conveniently 
integrated into the existing transportation network. This implies both that the new transportation 
choices offered have to take into consideration existing traffic flows, and that those other transpor-
tation modes have to adapt to the newly created services.

Both car sharing and bicycle sharing programs can effectively improve current existing public 
transportation networks or services. These services do not need to compete with each other or 
public transportation. Instead, they can complement each other: Car sharing allows access to areas 
that are not served by mass transportation and facilitates the transportation of goods and passen-
gers (especially young children); bicycle sharing can help avoid complicated transfers and bicycles 
are often faster than public transportation or cars over short distances.

At the same time, public transportation remains vital: Even shared cars can get stuck in traffic 
congestion, while trains and bus rapid transit can quickly and easily move large numbers of pas-
sengers. Similarly, adverse weather conditions will limit bike riding; public transportation provides 
travelers with an option other than driving. 

The single integrated electronic ticket (yélo) as introduced in La Rochelle can play a major part 
in integrating all transport modes and allow simple connections between transportation options.
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25.	Deutsche Bahn (2009a) 

26.	Better Place (2009)

27.	ProjectGetReady (2009) 

In this section, we look at various options for integrating car and bicycle sharing programs with 
mass transportation systems.

5.1. Linking car sharing with mass transportation
Station-based car sharing systems are relatively easy to integrate into the existing transport net-
work. Rental stations can be located at major transport hubs: railway stations, metro stops, bus 
terminals etc. Coordination with and support from the municipal government and the public trans-
portation authority enhances the integration. Offering space for rental stations and parking at 
transportation links will be a significant factor in successful integration.

In Portland, for example, Zipcar locations closely mirror transportation links and concentrations 
of population and employment. The great majority of cars are located in the central part of Port-
land roughly in tandem with streetcar, bus, and light rail stops—overlapping with Portland’s bike 
path network, as well. This convergence makes business sense to Zipcar, but it also satisfies the 
important need of linking the public transportation system with car sharing—reducing the need 
to drive into town, but enabling people to use cars when necessary. These examples illustrate that 
station-based car sharing programs can function in tandem with mass transportation services.

In Europe, there are several models of successful integration. For example, the Liselec stations in 
La Rochelle are all linked to other transportation modes. Furthermore, Liselec cars are paid for 
using the yélo card as well. 

Deutsche Bahn offers a station-based car sharing service at train stations in 120 cities through-
out Germany with over 1,600 cars. These cars connect directly with regional and national train 
services.25 Holders of Deutsche Bahn discount passes pay lower rates for car sharing. Also, as 
Deutsche Bahn owns the real estate, it can easily offer good access to its car sharing services.

Similarly, Project Better Place has just announced a cooperation project with the Danish railway 
provider DSB to establish rental stations for electric cars at rail stations starting in 2010.26 The 
integration of electric trains with electric cars offers the potential for significant GHG emissions 
reductions, especially if the systems are powered with renewable electricity.

Car sharing companies are not the only options for introducing shared electric cars; municipalities 
can support the transition as well. In fact, providing charging stations and parking space is a major 
factor in making these schemes successful. Projects such as ProjectGetReady27 help stakeholders 
implement measures at a local scale.

Flexible car sharing programs have clear advantages, but they may prove more complicated to 
integrate into existing transportation systems as the program’s cars will be distributed across a 
city based on use. The system operator can regularly relocate vehicles to major transportation 
hubs, but this will not always guarantee availability. Station-based cars appear to be better suited 
for links to transportation hubs. 

Clearly, both station-based and flexible car sharing programs have advantages, and an ideal system 
may combine both—to provide flexibility and ensure access for commuters, especially at major 
transportation points.
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5.2. Linking bicycle sharing with mass transportation
Like station-based car sharing, station-based bicycle sharing can link closely with existing trans-
portation networks. In La Rochelle, 24 out of 26 existing rental stations link to other transporta-
tion modes. This includes bus, ferry boat, train, Liselec car sharing, taxi, and park and ride.

Flexible bike sharing schemes can also link very closely to mass transportation options. Deutsche 
Bahn bike sharing relocates its bicycles frequently, such that users can expect to find rental bikes 
at major rail stations. Furthermore, users tend to combine bicycles and mass transportation, which 
also leads to more bikes being stationed next to transport hubs.

The SmartBike system in Washington, DC has 10 stations, and all are within walking distance of a 
subway stop—most are less than a block away. The stops chosen for the stations are in the central 
business district and closely linked with one another.

The proposed scale of the Bixi bike sharing program in Boston—based on its success in Montreal— 
enables wide integration of bike sharing with the public transportation system as well as flexibility 
for riders throughout the city. 

Intermodality also means that bicycles can travel for free or for small fees in trains and buses. 
While it is often possible to take bikes on the front-racks of US buses, bikes are usually denied 
transportation on buses in Europe.

Unlike car sharing, bike sharing programs may face some constraints that will take time to resolve. 
For example, though Boston’s Bixi program has great promise, bike lanes must continue to be 
developed; drivers in Boston may not be prepared for the influx of riders, nor new bike riders pre-
pared for a daily commute. Further, as a cold weather city, bike sharing is likely not a commuting 
or travel option for several months of the year. In cities with hot summers, a lack of showering 
facilities in businesses may constrict the number of people willing to consider riding a bike to 
work—even if they are sharing it. These issues require planning and coordination with drivers and 
employers. Moreover, bike sharing currently looks to be a viable, additional option and positive 
contribution to a sustainable transportation network, but not a solution to all problems.

6. Conclusions
We have examined both station-based and flexible car and bike sharing schemes. The analysis has 
shown that both station-based and flexible schemes each have advantages and disadvantages. Most 
importantly, it has demonstrated that both have significant potential to change behavior and reduce 
driving when integrated with public transportation options to produce a more integrated transpor-
tation system. The addition of bike and car sharing move strongly in the direction of meeting needs 
of flexibility, convenience, and freedom of movement.

Flexible car sharing has the advantage of enabling point to point travel, similar to the use of 
private cars by their owners. However, the location and availability of cars is less certain than a 
station-based car sharing program. Unless the flexible system is large enough, it will not always 
be able to ensure strong integration with the public transportation system. An ideal system would 
appear to be one with a large number of flexible cars throughout a city with a certain portion 
of cars—likely different models for different purposes—stationed at particular places, especially 
close to transportation links and hubs. 
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Car sharing schemes can lower the number of car trips made by affecting usage habits. Their main 
advantage, however, lies in the fact that car sharing services can offer fuel efficient and up-to-date 
cars, especially if cars are chosen with a lower emissions profile than the average personal car. 
Moreover, electric car sharing offers an opportunity to introduce a new technology to widespread 
use that would otherwise continue to reside in a niche market, due to the high costs of the cars. 
Electric vehicles could fit nicely in a station-based system—as they will require dedicated and 
predictable access to electricity. While electric cars still suffer from range limitations, this impasse 
can be overcome by using them in an urban environment where average trip lengths are shorter and 
where users can swap their car against a fully loaded vehicle at the next available rental station. 
In fact, it may very well be that car sharing offers the best prospect of all options to achieve a 
widespread introduction of electric vehicles in urban areas. This links very closely with the findings 
of Canzler and Knie (2009) on the future of the environmentally friendly car. 

The success of both station-based and flexible car sharing as well as car sharing’s viability in many 
arrangements (i.e. for-profit, non-profit, public private partnership) demonstrate the economic 
potential for car sharing. More data and analysis of different approaches are needed to best assess 
which models might function best in which contexts. 

Bicycle sharing differs quite fundamentally from car sharing. First, bicycles do not need to recharge 
or refuel. They can operate autonomously for a very long time before requiring maintenance. More-
over, bike users tend to also use public transportation, ensuring that bikes accumulate around mass 
transportation hubs even in a flexible scheme. The Paris example shows the significant potential for 
station-based bike sharing to not only augment the existing transportation system, but also contrib-
ute to changed behavior. Flexible bike sharing can enable travel at any time, but availability could 
remain an issue. Station-based bike sharing should have a role, as commuters willing to try bicy-
cles will demand reliable access to bikes—perhaps even the capacity to reserve them in advance.
Both bicycle and car sharing systems can profit from easy access solutions, especially in the form 
of a single electronic ticket that integrates all transport modes. By combining car, bike and mass 
transportation on one ticket or card, one barrier for switching between services is lowered and 
users could choose according to costs and benefits.

In summary, both car and bike sharing systems offer a very cost-effective solution in offering bet-
ter and more sustainable choices in urban transportation. In particular, the use of public-private 
partnerships as seen in Paris (JC Deceaux), Berlin (Deutsche Bahn) and Ulm (Daimler) strongly 
underscores the fact that municipalities can effectively contribute to cutting transportation emis-
sions without large-scale investments in new infrastructure. In this regard, flexible programs allow 
even more cost savings, as they can operate without the need for fixed rental stations.

New technologies, such as mobile phones, satellite geo-positioning, and RFID, expand the oppor-
tunities for car and bike sharing, making these approaches more consumer friendly, but also less 
costly to operate for the service provider. Additional research is needed to prevent vandalism and 
theft of these new transportation methods. 

Lastly, the integration of both car and bike sharing programs on a scale that will produce signifi-
cant modal shifts to public transportation and non-car use will require planning and changes to 
public policy. Public education campaigns will be needed—to inform commuters and residents 
about new options, but also, especially in the US, to instruct riders and drivers how to respond 
to more bicyclists. Further, cities will have to build and maintain bicycle paths and lanes. Also, 
employers should be included in planning—Boulder and other cities have good models—as they 
can provide shower and parking facilities that enable alternative modes of transportation as well.
Car and bicycle sharing programs have already proven profitable in many settings and they can 
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be implemented quickly without large outlays of public funds. They provide important additions 
to a sustainable transportation system—particularly by offering some features only private cars 
used to provide (i.e. flexibility, convenience). The formal integration of these systems on on a large 
scale will take time and planning, but car and bicycle sharing programs help make the choice not 
to own a car more attractive and will pave the way to an integrated sustainable urban transporta-
tion system.

In the course of completing this study, we identified three important areas for future research 
in developing sustainable transportation systems that integrate bike and car sharing with public 
transportation. First, new funding and regulatory changes are needed. Exploring new sources of 
public funding as well as identifying areas where private firms can be engaged will be imperative. 
The legal and regulatory changes may be extensive and will differ across the Atlantic from country 
to country and state to state. Second, the integrated model in La Rochelle with one card for access 
to all means of transportation was the most innovative and complete program we explored. There 
will be clear challenges in replicating the program in other countries, especially in contexts where 
travelers would cross jurisdictions—i.e. the New York and Washington, DC metropolitan areas. 
The promise of an integrated system, however, is clear, which begs further research into methods 
of overcoming barriers to replication. Lastly, bike and car sharing will have to be integrated into 
the specific context of each metropolitan area. Yet, the vast majority of decisions, infrastructure, 
and support will be the same from case to case. An overarching framework in the form of a tool 
kit for municipalities would be useful. A tool kit for municipalities looking to develop an integrated 
system with bike and car sharing would: preclude each city from having to research the ideas anew; 
help cities identify the best choices for each context and outcome; and expedite implementation.
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