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Abstract

This report analyzes the Copenhagen City-Bike Program and addresses the
availability problems. We depict the inner workings of the program and its problems,
focusing on possible causes. We include analyses of public bicycle systems throughout
the world and the design rationale behind them. Our report also examines the technol ogy
underlying “smart-bike” systems, comparing the advantages and costs relative to coin
deposit bikes. We conclude with recommendations on possible allocation of the City
Bike Foundation’s resources to increase the quality of service to the community, while

improving the publicity received by the city of Copenhagen.
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Executive Summary

This project was completed in fulfillment of the Interactive Qualifying Project for
Worcester Polytechnic Institute. It was sponsored by the Danish Cyclist Federation, the
European Club for Cycling Friendly Cities, and the City of Copenhagen. Our goal wasto
document the political, financial, and physical aspects of the city-bike program; examine
the real benefits of the system; and give recommendations which will increase the quality
of the program to Copenhagen and its community. The solution should address the bike
availability problems the program is currently experiencing.

Copenhagen is a city of 1.25 million people. The flat landscape and numerous
bike lanes make the city ideal for cyclists. The Copenhagen City Bicycle Program (CBP)
was founded in 1995 to help ease inner city traffic and pollution. Currently there are
1,200 bikes that can be released from one of the 115 racks with a coin deposit. The
system is funded through the sale of small billboards near the rack locations throughout
the city and by sponsors of individual bikes for advertising space on the bike' s wheels.

With new administration and a new contract selling the use of the billboards near
the bike racks, the coin-deposit bike program is currently expanding rapidly. The City
Bike Foundation has just purchased over 1,000 new bikes. In 2003, with 2,500 bikes and
1,500 spaces across the 115 racks, there are two possible scenarios. Either there will
continue to be great theft and misuse in the system, which will allow the 1,500 spaces to
be sufficient even in off-peak hours, or the theft and misuse will decrease and the rack
space will be insufficient for the number of bikes.

During use, the bikes are not alowed to be locked with a personal lock or ridden

outside the designated downtown area. The city-bikes are made from non-standard parts



to discourage theft. To avoid potential maintenance problems the bikes have only one
gear and solid rubber tires.

Maintenance is done by the Reva Center, an agency whose god is to perform a
social service to the community. They accomplish this by training the unemployed to fix
bicycles and eventually re-introducing the workers into the workforce. They are not paid
by the City Bike Foundation, making it valuable for the program.

Although the bikes are fairly durable and Reva is doing a fine job maintaining the
bikes, the City Bike Foundation spends $75 per year on each bike for maintenance and
collection. Considering each bike costs only $200, $75 is a considerable amount to be
spent on maintenance each year. This high cost is amost entirely due to vandalism and
abuse. The most common task Reva faces is repainting the bikes, ridding them of
graffiti. Vandals also cause physical damage to the bikes and locks. Only about a third
of all maintenance cost is spent fixing problems caused by normal use. Vandalism is not
just a problem because it drains funds of the program, but because it defaces the system
making it hard to sell sponsorshipsfor bikes.

The city-bike rack lacks support for the bicycle, meaning the users are relied upon
to use the kickstand when returning a bike. Frequently, bikes whose kickstands are not
used fall over causing damage to the bikes. These fallen bicycles make the rack appear
disorganized to the sponsors, residents, and visitors.

There are rarely more then 200 bikes in the maintenance center, leaving a
minimum of 1,000 bikes on the streets. With 115 racks locations, 1,000 bikes seem
adequate, yet bicycles are rarely available. This is because some users are abusing the

sharing principles on which the system was built. Some will borrow a bike for a week or



longer, treating it as their own. Other people will not have the courtesy to return the bike
to arack when they are done using it, making fewer bikes available on the racks. Both of
these problems are a result of a lack of incentive to return the bike in a timely manner.
The bike is free regardless of the amount of time for which it was borrowed. Valued at
about two and a half US Dollars, the coin deposit is not enough to stop people from
abandoning the bike when it is convenient for them to do so. The program’s rule of not
alowing use of the bikes outside the inner city is not enforced effectively and the
boundaries are often ignored.

Although many city-bike programs are started to reduce traffic congestion, this
benefit is questionable. The bikes are most often used instead of walking or other forms
of public transportation, neither of which significantly add to automobile congestion
inside acity.

Public city-bikes serve two important purposes to a city and its community:

Public transportation
Good publicity

The city-bikes provide public transportation to the city’s residents and visitors.
The quality of this service is quantified by the amount of use each bike receives. Due to
prolonged uses and unreturned bikes, a poor level of sharing occurs in Copenhagen. A
lack of sharing leads to the unavailability of bicycles on bike racks. This greatly
diminishes the system's value to the community. Just as a well working bus or subway
system increases the quality of lifein acity, awell working city-bike system could make

life of the residents easier and more enjoyable.



City-bikes are used in promotional material describing and presenting the city.
The Copenhagen system currently generates mixed publicity. Although it is an
innovative idea, the system is plagued with problems. These problems result in negative
publicity. Copenhagen could benefit greatly from the publicity generated by an
impressive, successful city-bike program.

The smart-bike system is one where people insert a key card, similar to a library
card, into arack terminal to remove a bicycle. The key card exchanges information with
the rack regarding the user and the bike being borrowed. This information is stored by
the system, meaning that if the user does not return the bike the controlling organization
will know and have the ability to penalize him with afine. Also, because the smart-bike
technology removes the anonymity of the system, it will deter theft and abuse. The data
collected by the system allows the organizers to monitor the use and possible problems
with the program; this usage data will also be valuable in selling bike sponsorships. To
increase sharing the organizers can, for example, penalize users for trips over one hour,
promoting timely returns and sharing of the bikes.

We considered a number of potential options for uses of the City Bike
Foundation’s funds over the next severa years. We examined severa scenarios and have
acollection of recommendations:

Add support for the bikes on the city-bikeracks

Observe vacancy on bikeracksin the coming yearsto seeif morerack
spaceisrequired to support the 2,500 bikes

Start allocating resourcesfor a smart-bike bike system

Collaborate with foreign companies developing smart-bike systems



When a smart-bike system is available that suites Copenhagen’s
needs, implement the system on a large scale, replacing the coin-
deposit bikes

The features Copenhagen should look for and implement in a smart-bike system are

listed below.

1. Dual locking system
Prevents theft

2. Per-minute charge
Promotes quick return of the bikes, increasing sharing
Provides revenue to the City Bike Fund

3. Booking service
Reserves arack space at destination, ensuring the bikes return

4. Ability to accept bank cardsor credit cards
Alleviates a setup procedure

5. Comfortablebikes
Increases quality of service to the user

6. Ability to personally lock bikes, other then at racks
M akes the system more convenient to user

7. Durability: low maintenance physical bike design
Keeps more bikes available to the community and decreases costs

The adoption of a smart-bike system with these characteristics will increase the
quality of the system to the users and the bike sponsors, while being impressive and

creating good publicity for the city.
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1.0 Introduction

Many modern day cities are plagued with heavy traffic and pollution. As the
population increases, it becomes more of a necessity to achieve a balance with the
environment and our growing transportation needs. Convenient public transportation that
meets these needs and growing health concernsis of great value for today’ s cities.

Modern cities commission subway and bus systems to alleviate automobile
traffic. Taxi services have become big business in many cities by offering the great
convenience of door-to-door service. None of these widely adopted transportation
methods satisfy our needs without in some way harming the environment.

Bicycles emit no pollution and offer door-to-door service. In many European
cities, bicycles are given a separate lane beside cars, making cycling a safe and practical
method of daily transportation. A few cities have adopted a program called City-Bike.

Currently there is a City-Bike Program (CBP) providing bicycles to the public in
the metropolitan area of Copenhagen. For twenty DKK ($2.40), an individual may take a
bicycle from an automated rack. The deposit is refunded upon returning the bicycle to
the rack at or near his destination. Currently the CBP employs several maintenance vans
that collect city-bikes for repair. These vans and the bikes themselves are funded by the
City of Copenhagen and by private sponsors who advertise on the bikes.

Although very successful, Copenhagen’s CBP is not without its problems. There
is a genera shortage of bicycles available for use on the city’s bike racks. Theft,
extended borrowing periods, and unreturned bikes al contribute to this shortage.
Corporate and municipal sponsors currently fund the upkeep and expansion of the

program.
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We mapped out the CBP from an organizational perspective to understand the
responsibilities of each group involved with the program. We examined the bicycle
maintenance and distribution within Copenhagen, with the aim to increase the number of
bicycles available to the public. One method of increasing the number of bicycles
availableto the public is a smart-bike system using smart cards to track bikes and the user
of each bike. With over 37% of the cost of each bike being spent on maintenance per
bike each year, one goal was to |lower maintenance costs. We addressed the cost incurred
by normal use, misuse, and vandalism of the bikes and racks. We aso examined the
physical design of the city-bike, looking for ways to lower maintenance costs.

The following report gives an overview of the transportation options within
modern cities and illustrates the need for public bicycles. Also enclosed in the report are
several case studies of other city-bike programs around the world. We also describe the
methods that we followed in Copenhagen that ultimately alowed us to give an intelligent
recommendation to the CBP. Some of these methods included research, fieldwork, site
inspections, and interviews. We conclude with our results and recommendations to our
gponsors. the Danish Cyclist Federation (DCF), the City of Copenhagen, and the

European Club for Cycling Friendly Cities (appendix A).
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2.0 Background I nfor mation

This chapter documents our research relating to city-bike programs in and outside

of Copenhagen and other relevant issues.
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Figure 1. Partsof a bicycle

2.1 Transportation

While cities are overcrowded and roads are increasingly becoming congested, the
public still demands convenience in its transportation. Also, air pollution is becoming a

greater concern because it directly affects persona hedth. Cities want to treat
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transportation as a right of the citizen and not a luxury; therefore affordable,

environmentally friendly transportation should be available.

2.1.1 Carsand Taxis

The two modes of door-to-door transportation that are most common in cities are
personal cars and taxis. While cars are perfectly convenient, they are expensive, and
parking is difficult or impossible to find. Taxis are also very convenient, but very
expensive per kilometer. Both of these are very inefficient uses of raw materials and
human resources. Persona cars are often one per party, while taxis facilitate many
parties per vehicle. This alows cities to fulfill transportation needs without
manufacturing or importing as many automobiles. Taxies, unlike cars, are “on” amost al
of the time whether in use by a customer or not. This makes the pollution of a taxi

solution worse than personal cars.

2.1.2 Buses and Subways

To dleviate traffic congestion cities deploy bus and subway systems. Although
these systems do pollute, they are much friendlier to the environment than personal cars
or taxis because each vehicle can host many parties at a time. They are, however, less
convenient, because a user must know (or learn) the time schedule of the system, and
then wait for the appropriate bus or subway car at a specific stop or station. While these
solutions may pollute less than cars or taxis, they still add to the 25% of the carbon
dioxide emissions into the atmosphere, for which the transit sector is responsible (Danish

Government, 1 February 2002).
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2.1.3 Bicycles

Initially thought of as a poor-man’s-car, the persona bicycle has been growing in
popularity in recent years for many reasons. A bicycle, unlike a car, is affordable to a
vast number of people inside the city. Bikes do not require expensive fuel and
maintenance is rare and inexpensive in comparison to an automobile. Instead of looking
for a parking spot a cyclist may lock his bike to streetlight, bench, or bike rack. This
allows a cyclist to use his bicycle as a door-to-door mode of transportation.

An important benefit to using a bicycle to travel is exercise. This is especialy
important today when many people are spending their free time and money exercising in
a gym. Because of traffic congestion, the average speed of bicycles in a city may be
higher than that of cars. In cycling-friendly cities, cyclists even have their own lanes to
travel in safely.

Although much more affordable than cars, bikes can still cost several hundred
dollars and some people may not be able to afford one, especially with the risk of theft.
Even though most people invest in alock for their bicycle, one and a half million bikes

are stolen each year in the United States (National Bike Registry, 1 February 2002).

2.2 History of Bicycles

In 1791, the first bicycle was invented in the gardens of the Palais Royal in Paris,
France (Oliver 1). The first bikes were made with wooden wheels. They could not be
steered because of the way the wheels were designed; this prevented them from being

turned. A revolutionary modification that occurred in 1817 was the addition of a steering
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mechanism for the front wheel of the bike. Charles, Baron von Drais, of Sauerbrun
devised a way to move the front wheel of the bike to change the direction of riding
without having to lift, drag, or jump the front wheel. He also atered the saddle to make it
padded and added an armrest to the front of the bike which exerted more force against the
ground and increased its speed. Von Drais called his invention a vélocifére and patented
it in 1818, but in about 1869 the term bicycle came into use.

In 1863, pedals were added to the front axle of the wheel. The credit for this
important milestone goes to Pierre Michaux or his assistant Pierre Lallement; there is an
uncertainty as to which one of them really deserves the credit. In 1868, the Hanlon
Brothers of New York City suggested that rubber be used for the wheels. The rubber
wheels made less noise and helped prevent dlipping. Many developments have been

added since then to improve bicycle performance and reliability (Oliver 5).

2.3 Public Use Bikes

To address some of the people who cannot or choose not to buy and use abicycle,
many cities have implemented some form of Public-Use Bicycles (PUBs.) The generd
idea is that, for little or no cost, a person can take a city-bike, use it to get to his
destination, and drop it off for someone else to use. This combines the convenience of
door-to-door travel and not having to wait for a bus, train, or taxi. Cyclists also benefit
from PUBs by the exercise they do while transporting themselves. A user can aso
choose the path he will take, which may be scenic or a shortcut. City-bikes, like all
bicycles, produce no environmental pollution other then the extra carbon dioxide exhaled

by the cyclist during his travels, which he would have exerted anyway at a local gym.
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Regardless of how the system is implemented, it is far less expensive, per person, then a
metro, bus, or taxi service.

Inherent problems do exist with PUBs. Because of the nature of cycling, PUBs
cannot be relied upon year-round in many cities. Snow or ice would make cycling very
dangerous. One might argue that this limits the environmental benefit of cycling because
the other forms of public transportation must still be large and vast enough to handle
traveling needs without bikes. While people may use other forms of transportation less
during cycling seasons, the other forms of transportation are still established to be able to
handle many commuters. Some of these transportation systems might pollute the same
amount whether people are using them or the bicycles. For example, the subway is
aways operating regularly, winter or summer, even if more people are taking bikes
during the summer.

Another problem is that the PUBs can be abused for someone’s personal
convenience. Instead of leaving the bike for othersto use, one might keep it in hisflat, so
it is convenient and available the next time he wants to use it.

Furthermore, bicycling is limited in many cities because of the terrain and
geography of the region. Steep or unsafe paths make nearby destinations inaccessible to
bicyclists.

Many different implementations of the idea of a bicycle as a free public
transportation device have been tried. For the sake of organization, these
implementations are generally categorized into four generations of PUBs (Commuter

Choice/Bicycling Programs, 3 February 2002).
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2.3.1 First Generation PUB

First generation programs are popular due to the low setup costs. Cities
implementing this system simply collect bikes through donations, paint them, fix them,
and put them out on the street. With no methods of preventing theft, many of these bikes
that are distributed on the streets wind up stolen and are often taken apart for parts.
Because these are donated bikes of various brands and quality the maintenance need is
frequent and costly. Being regular bikes, they are not meant to be ridden constantly and
may not be up to the challenge. Poor quality of the bikes, as they incur heavy use, may
result in a safety hazard to the user of a bike that is partially broken or on the verge of

problems.

2.3.2 Second Generation PUB

Second generation public use bicycles became popular after Copenhagen
launched the first such a program in 1995. The implementation costs are much higher
than first generation schemes because the bikes are not consumer level mass-produced
bikes, but custom designed for extremely frequent use. These bikes are not light or fast,
but are designed with equipment like extensive splashguards and tires that cannot be
punctured. Lights, which go on when the bike is moved, appear on many of these bikes.
Only one gear is used to prevent the frequent maintenance issues that arise in multi-speed
bikes. Thisemphasis on durability makesit possible to administer several thousand bikes
in a city with only a handful of maintenance personnel. This makes the program

manageable and the total cost of administration very light compared to what it would be
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with regular bicycles. Much of the cost is offset by hosting a program for corporations to
sponsor bicycles, in return for which the bikes carry the sponsor’ s advertisements.

It is no wonder that the Copenhagen second-generation PUB implementation is
the longest running PUB system in the world. These bikes are manufactured using
nonstandard parts. Dismembering the bikes for parts is no longer an issue, as these are
useless to someone missing a part on their regular bicycle. Located throughout the city
are specia bicycle racks from which people take the bikes and to which they are returned.
The use of these bikes usually involves a small deposit satisfied by the nation’s largest
coin. There is a custom lock mechanism that will only release a bike when a coin is
inserted, and releases a coin when a bike is returned. Although no one would steal these
bikes for parts, an individual may steal one to use outside of the city as his personal bike.
A thief could ssimply deposit a coin, and take the bike in his car and drive it to his home
outside the city. No identification or information of any kind about the borrower is taken
or recorded when the bike is borrowed. Usually the city administrating the system will
give alargefineif a person is caught with a PUB outside of the city. Since the deposit is
small and the system is entirely anonymous, some people can abuse or totaly destroy a
bicycle without any liability. People can also take a bike from a rack and keep it for
weeks or months at a time, inside the city at their flat. This behavior cannot be easily

solved in current second generation PUBS.

2.3.3Third Generation PUB

Third generation PUBSs, or smart-bike systems, build upon the good qualities of

second-generation implementations but add some intelligence. This generation improves
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upon the second mainly in theft deterrent technology. Depending on the particular
system, a magnetic stripe card, instead of acoin, isinserted to release abicycle. The card
has personal information about the borrower, so that the city can track the use of the city-
bikes. The city can send a bill if a bike is not returned or is borrowed for extended
periods of time. This system is somewhat less convenient because the user is required to
register for a card. The problem of theft is greatly diminished by this method of
gathering persona information about the borrower at the time he borrows a bike. The
same card is inserted when the bike is returned and the user’s account is credited with the
return and is again given the ability to borrow a bike. Because of the technology
involved, the bicycle receptors are much more expensive to produce (Commuter
Choice/Bicycling Programs, 3 February 2002).

Many of the third generation PUB solutions are done by the Clear Channel
Adshel Corporation. They call their implementation SmartBike. This company also
makes such contraptions as automatic toilets and bus shelters. What they call the
SmartBike is a PUB with many physical features of atypica third generation PUB. A
notable difference is that the bike has five speed gears and both front and rear brakes.
The entire solution that they sell includes the docking console, control computer, card

readers, and information panels (SmartBike, 20 January).

2.3.4 Fourth Generation PUB
Fourth generation PUBs are being developed. These are the same as third
generation implementations, except that instead of magnetic stripe cards, the users data

are stored on a smart card. A smart card houses a chip that can store persona data or
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other relevant information. This system is great for cities with a large distribution of
smart cards established because of another system. In Washington D.C. over 175,000
people already have smart cards because they are used for the city Subway system

(Commuter Choice/Bicycling Programs, 3 February).

2.4 City-Bike Programsin the United States

There are over fifty city-bike programs in the United States. Some states that
have such programs include: California, Georgia, New York, Washington, and
Wisconsin.  There are more states than just the ones mentioned above that have
community bike programs.

In Arcata, California, the Arcata Community Bike Program has two types of
bikes: community bikes and library bikes. The community bikes are painted bright green
to discourage theft and have a sign to indicate that they are community bikes. They can
be picked up from any area in Arcata and left anywhere as long as they are visible to
other users. There are no specific racks where the bikes are to be returned. The library
bikes, on the other hand, are not as readily available. The Library bike deposit is $20.
The deposit is returned when the bike is returned. The bike can be rented for up to six
months a a time; after six months the bike must be returned or renewed (Arcata
Community Bike Program, 5 February 2002). The main differences between these two
types of bikes are that the library bikes can be rented out for longer periods of time, but
for an initial deposit, whereas the community bikes are less restrictive.

In Dectaur, Georgia, the city cals its bike program Dectaur Yellow Bikes. The

bikes are available for those who are older than sixteen years of age. The bikes must be
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picked up and returned to the public rack areas. It is suggested that the user checks the
bicycle to make sure that it is safe to use before actually renting it. The user should wear
a helmet and follow the rules of the road that apply when using a bicycle (Decatur
Y ellow Bikes, 5 February 2002).

As bikes are becoming more popular as a form of transportation, cities are
organizing programs to encourage people to use bikes within the city. Troy, New York
will start its new CBP in August 2002. The mayor of Troy, Mark Pattison, has donated
bikes to the Troy RiverSpark Visitor Center. The bikes were previously resting in a
storage area as property of the city police department. It was thought that they serve the
community better as a part of this program. The Visitor Center will use the bikes for
historic, cultural, and self-guided tours. The bikes can be borrowed at the Visitor Center
for $20; this deposit will be refunded when the bike is returned. Helmets, bells, and locks
donated by alocal bicycle store are provided with the bright orange bikes (Troy United
Newsdletter, 5 February 2002). Sightseers biking through the city will see a new
perspective of the area.

The city of Madison, Wisconsin has two CBPs: the Red Bike Program and the
Yellow Bike Program. The color distinguishes the benefits and restrictions of the bike.
The red bikes are distributed for free without any pickup or return area, whereas the
yellow bikes have to be checked out with a $75 deposit. The benefits of the yellow bike
are that the lock and helmet are provided for the user. The deposit is refunded when the
bikeisreturned (City of Madison Pedestrian-Bicycle Program, 6 February 2002). Having
two types of bike programs is useful because the user gets to choose which is more

convenient.
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2.5 Maintenance

Before improvements can be made on the mechanics of a bicycle, it is important
to understand its working parts. Also important are the applicable technologies that are
available in today’ s market.

Each genre of cycling hosts its own unique bicycle, catering to the specific needs
of the user and the bike's terrain.  For example: mountain bikes frequently have shock
absorbers on the front fork, and a wide tire base for dirt, mud, and gravel riding. Racing
bikes are often made with carbon fiber frames, with extremely light tires, and no extra
features that will weigh down therider.

There are five distinct parts of a bicycle: the frame, wheels, gears, operator
devices, and brakes. Each part is dependent on the others, as they all function together to

keep the bike moving.

25.1TheFrame

The frame is the backbone of the bicycle. Usualy made of aluminum or stedl, the
frame consists of the following parts. the top tube, seat tube, down tube, forks, and
lugged fittings (Safeco, 4 February 2002). The tubes are the actual beams of metal that
make up the frame and the forks extend away from the tubes to hold the wheels in place.
The lugged fittings are an extra feature on some bicycles that support the joints between
the tubes.

One of the most important parts of the frame lies on the inside of the tube. The

best bicycle frames are thicker at the joining ends and thinner within the middle. This
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technique, caled double butting, adds extra support in the joints of the bike where
stresses are the highest (Whitt 251).

Lugged fittings perform a similar task. These metal supports at the joints of the
frame aid in structural support. They also alow the tubes of the frame to be connected
without heavy electric welding. Electric welding increases the temperatures of the metals
within the tube, and can often cause tiny fractures or imperfections within the metal
(Sloane 45). These imperfections cause further thermal stresses on the joints of the
bicycle. For this reason, heat treated aluminums, which can resist some thermal stresses,

are a better choice for frames.

2.5.2 The Whesl

The wheels of the bicycle are a key contributor to the efficiency and effectiveness
of the bike’'s motion. Since the whedl is the only part of the bicycle touching the ground,
the dlightest change of texture, air pressure, or size will make a significant impact on
riding. The whedl consists of the following parts: the tube, spokes, rim, hubs, and valves
(Ewers 19).

There are three main types of tires: clincher, tubular, and solid. Clincher tires are
best characterized by the “U” shape of its tube, while their tubular counterparts are
typicaly “O” shaped (The Skinny on Tires, 6 February 2002). Tubular tires are lighter
and of dightly higher grade than the clincher tires, however clinchers have a distinct
advantage in that they are much easier to replace. A tube within the clincher tire extends
between the surface and the rail and is easily