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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:

e Public transportation
e 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:

e Add support for the bikes on the city-bikeracks

e Observevacancy on bikeracksin the coming yearsto seeif morerack
spaceisrequired to support the 2,500 bikes

e Start allocating resourcesfor a smart-bike bike system

e Collaboratewith foreign companies developing smart-bike systems



e When asmart-bike system isavailable 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 removable and replaceable. Until recently

tubular tires were considered considerably better then clincher tires. Today, after heavy
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development, the clincher tires are now comparable with tubular tires on the road as well
asin the shop.

The solid tireis an entirely different type. Typically seen astires of the past, solid
tires make cycling uncomfortable and are often looked down upon by the bicycling
community. There are, however, definite advantages to solid tires. While they might
provide a less comfortable ride and decrease the efficiency of bicycle, these tires require
little maintenance and are puncture proof. While solid rubber tires are most common,
there are other aternatives available. Cyclo manufacturing claims to have developed a
puncture proof tire using lightweight polymers (Cyclo Manufacturing Company, 6
February 2002). Although these lightweight solid tires may not be considered mainstream
yet, the introduction of modern materials into cycling will provide constant advancements
in bicycling dynamics.

The size of the wheel is an important characteristic for al types of tires. The
larger the diameter of the tire, the easier it is for the cyclist to travel. With larger tires,

however, some maneuverability islost (Henkel 33).

2.5.3 TheBrakes

Brakes are an intricate part of the bicycle. There are many different kinds of
brakes, including: caliper, cantilever, center-pull, coaster, disk, double pivot, drum,
roller, side-pull, single pivot and spoon brakes (Sheldon Brown’'s Bicycle Glossary, 7
February 2002). Brakes on modern cycles are most likely a version of the side-pull

caliper, or center-pull caliper brake mechanism.
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Figure 2. Brake Parts

The side-pull brake apparatus uses the brake cable to squeeze two metal arms
together that are attached to the brake shoes (see figure). These shoes press against the
rim of the wheel and will stop the bike. It iscalled aside pull because it comes from one
side of the wheel. On the contrary, the center-pull brake cable comes down from directly
above the wheel. It connects to two other cables, usually at a yoke, and then connects to
the arms and stops the wheels (Henkel 32). Because of the importance of brakes, these

devices should be checked regularly for flaws.

254 TheGears

The most complicated and most important parts of the bicycle, with respect to
producing motion, are the gears. The gears translate the power from the cyclist’s legs,
into the movement of the tires. The parts of the gears are: pedals, chain, front and rear

chain wheels, front and rear derailleur, and derailleur rollers (Henkel 29).
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When the cyclist pedas, the front chain wheel turns. This turning process pulls
the chain, which then turns the back chain wheel, and the bike will begin to move
forward. This alone is a simple process. Complication arises, however, when the gears
are changed.

The derailleur is a complex device that will move the chain between different
sized chain wheels. The differencesin sizes alow different amounts of force to go to the

wheels at the same pedaling speed.

2.5.5The Operator Devices

Whileriding, acyclist certainly should not have to think about the functionality of
the derailleur. In fact, the only things that should concern the operator are those devices,
with which he has direct contact. These include the handlebars, break levers, seat, and
any accessories (bells, water bottles, etc...). These devices pertain to operation and
comfort.

The handlebars have two purposes. They alow the operator to steer the bicycle.
They also must give some amount of comfort to the cyclist. The handlebars should be
easily adjustable for any angle between 10 and 70 degrees (Sloan 93). The greater the
angle, the more upright the handlebars rest. Also included in the handlebar package are
break levers, handgrips, and occasionaly alight or bell. Depending on available funds,
the quality of these devices can be improved; however, these basic devices will not
influence the efficiency or performance of the bicycle.

The bicycle seat is a crucia part of cycling enjoyment. Often even the most

halfhearted bike rider will spend extra money to add comfort to the seat. Over long
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periods of time, the biker can experience great pains from an uncomfortable seat. Recent
advancements in technologies for bike seats and the seat post have improved comfort
significantly over older models. It is not uncommon to find seat posts with shock
absorbers, or high quality carbon and steel tubes (Ultimate Support Systems, 31 January

2002).

2.5.6 Toolsand Upkeep

Even with extensive knowledge, without the proper tools, repairing a bicycle
would be very difficult. Many different tools are required when a large amount of
maintenance is needed. Each part of a bicycle requires different tools to repair, but there
are certain instruments that will facilitate the maintenance for most bike problems.

The Allen wrench is the first and foremost tool for bicycle repair. Most joints of
moving parts are held together with a hex bolt. A six-millimeter Allen wrench will assist
in most simple tightening problems (brakes, gear cables, derailleurs). More specific
problems will require more specific tools.

Maintenance is a very important part of bicycle upkeep. One of every five
bicycle accidents that occur is caused by some sort of mechanica failure. With proper

upkeep and maintenance, many bicycling accidents can be avoided.

2.6 Copenhagen City-Bike Description
The city-bike is made to endure heavy usage. Solid tires are used to hold up

against punctures. The seats of the bike can be adjusted easily in height to accommodate
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different sized users. The parts used to make the city-bikes are not the same as the ones

used to build standard bikes.

Since many of the city-bikes are sponsored, they host many advertisements.
Experiments were done to see how effective these advertisements really are. One such
experiment has shown that advertisements on wheels going up to fourteen km per hour
are still legible. Another such experiment shows that sponsoring twenty-five bikesisless
expensive than printing out a full-page advertisement for up to eight months. The bike

sponsor can put an advertisement on the wheel of the bike or on the bike racks.

2.7 Bicycle Racks

Rack design is one part of the Copenhagen program that needs attention.
Currently, the Copenhagen city bicycle program uses a simple bike rack that consists of a
long cylindrical tube with two ground supports and five chains, each of which can be
connected to a bicycle. Alex Sully, a Senior Bicycle Planner for WS Atkins South West
in the UK, designed a series of criteria which defines a good bicycle rack. Some of these
criteriaare:

1. Visible

2. Accessible

3. Secure

4. Covered

5. Affordable

6. Easy to use

7. Location

8. Attractive

9. Coherent

10. Able to maximise the involvement of other 'partners’ and funding sources
11. Linked to other needs of cyclists.
12. Part of a'Cycling Culture
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These criteria however, apply most accurately to a standard bike rack, one to be
used with privately owned bicycles. City-bike racks do not need quite as many options
available because they can focus on one specific type of bicycle, with one specific
purpose. For example, one might expect a public bike stand to be versatile and able to be
used with all bicycles. Thiswould not be necessary for a standardized bicycle unit, like a
city-bike.

While some options may be less important, others carry more weight, such as
visibility, accessibility, location, and attraction. Because the CBP depends on
advertising, potential sponsors must see the program as a worthwhile, important system.

One important aspect of rack development that is not included in Sully’s list of
rack criteriais support. The entire principle behind a bicycle rack is to provide support
for bicycles. Without proper bracing, the bicycle rack will become disorganized and
could result in damage to any parked bicycles.

Bicycle racks can be organized into two types. horizontal and vertical racks.
Most racks to be found in cities are horizontal, as these types are easier for the user and
cheap to produce. These bike racks typically consist of a bracket that will hold the front
wheel of the bicycle between two pieces of metal tubing. This provides support for the
front of the bicycle and ease of use for the public.

The front bracket comes in a variety of shapes and sizes. Typically, these racks
are designed to accommodate many different types of bikes. The city-bike racks,

however, do not need this versatility.
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2.8 Original City-Bike Program in Copenhagen

Two men, Ole Wessung and Morten Sadolin, started the Copenhagen city-bike
program. One night, their bikes were stolen so they had to walk home from the bar |ate at
night. They were very angry at the disrespect so they sat down and formulated the idea

of free bicycles.

The project was started in 1989. Its purpose was to reduce the number of bicycle
thefts in Copenhagen. The underlying idea was that the insurance companies would
sponsor the city-bikes in order to reduce the amount of compensation for personal bikes
being stolen. The plan was that the insurance company would spend the same amount of
money or less on the free bikes as they did for the compensations. Wessung and Sadolin
carried out this plan by having bikes made at a closed-down Danish shipyard. However,
this project went bankrupt after only two years in 1991 (History of Copenhagen, 28

January 2002).

2.9 Technology

Many technologies available in some form today may be applicable to solving

some of the maintenance, repair, and availability problems that plague the program.

2.9.1 Electric Devices

The *electric fence’ is commonly used for pets and shopping carts. Pets are
zapped with an electric collar if they go outside boundaries set by a wire placed
underneath an owner’s yard. A wheel of a shopping cart at your local supermarket might

have a device that locks the wheel when it leaves a designated area. Many safety issues
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arise when talking about using this technology for bikes, but an aternative might be
something that locks the wheels any time the bike is at a stop outside the usage limits.
Another might be an alarm that goes off alerting the user and possible police officers that

the bike is outside the city limits.

2.9.2 Beacons

A beacon system might be another possibility. City officials could home in on
stolen or forgotten bikes, tracking a signal from some sort of electronic beacon. This
tracking progress would require many officials and city dollars to accomplish. This aso
offers no compensation to the city or the program if someone destroys a bike, or simply

leaves it somewhere without returning it to its rack.

2.9.3 Timed Devices

Timed devices that can be made to activate or trigger after a specified length of
time could be useful for bicycling. A timed device might be used to make the bike
unusable after twenty-four hours away from a city-bike rack. This would ensure a user

does not store the bike in hisflat for an extended period of time.

2.9.4 Smart Cards

Using a smart card or simple magnetic stripe readers, one could swipe or insert a
card when he takes abike. The user’sidentification information is electronically checked
and stored, if the card is approved, a bike will be released. When the user returns the

bike, the system will calculate any late fees that would be applicable. If the bike is not
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returned at al, the city officials know to whom to charge. This would not only give
motivation to return the bikes in atimely fashion, but would also serve as a record keeper
to see what routes are used often and where bikes are at any time. This would require
purchasing or designing a new bike receptor that accepts smart or magnetic stripe cards.
One issue that arises with all of these potential solutions is cost. A district for an
electric fence the size of the city might be very expensive to implement. Along the same
lines, the beacon requires enormous resources to track down these bikes, and if a bike is
found damaged and abandoned, it is nearly impossible to know who to hold responsible.
The smart card or identification readers would require adapting all 115 racks with the

new technology. The costs of the information technology may outwei gh the benefits.

Figure3. Smart Cardsin-use on Adshel SmartBikes
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3.0 Methodology

The project was carried out by doing a series of interviews, fieldwork, research,
and site inspections. The data collected through these different methods was carefully

evaluated to provide recommendations to the sponsors.

3.1 Interviews

In Copenhagen, we conducted numerous interviews. The goal of these interviews
was to help us understand the CBP politically, financially, and physically. They also gave
us insight into the problems of the system and how it can be improved.

To accomplish our first goal, we primarily spoke to the secretary of a mayor, the
directing manager of the City Bike Foundation, and the manager of Reva, the city-bike
maintenance organization. By getting the thoughts and opinions of these three separate
organizations we were able to piece together the methods of operation by which the CBP
runs.

Our first interview, with Christian Christiansen, was conducted in a semi-formal,
un-standardized structure. As a secretary for the mayor of transportation and parks, Mr.
Christiansen provided us with an important perspective on the operation of the CBP, and
gave usinsight into the political backing behind it.

Secondly, we interviewed Klaus Hildebrandt, the directing manager at the
Copenhagen City Bike Foundation. Because he works directly with the advertising
agencies, Mr. Hildebrandt was able to answer many of our questions regarding the
sources of income for the program and how the funds are spent. We inquired about the

history of the fund, the maintenance costs, and the responsibility of the involved



organizations. We aso learned about the City Bike Foundation’'s plans for the bike
program, their thoughts on the feasibility of smart-bike technology, and the role they play
in gathering funds which pay for the program.

To learn more about the physical nature of city-bikes, we interviewed Kim
Madsen. Mr. Madsen is the manager of the maintenance division of the CBP. This
interview was also conducted with an un-standardized structure. During this meeting our
guestions focused more closely on the bikes themselves, their repair, and the methods of
gathering and redistribution.

Within each of our first three interviews a few questions were standard. By
keeping some of the questions the same, we were able to analyze any differences in
responses to better understand each department’s views on similar issues. Some of the
common questions included:

e What isyour responsibility with the CBP?

e Areyou pleased with the current program?

e Who are the targeted users of the bike program?
e Who currently uses the city-bikes?

e Do you have any plans to change the program or your relationship with
the program in the near future?

e Do you have any suggestions on ways in which this program could be
improved?

As we conducted interviews, we began to learn which topics have greater
importance to the inner workings of the city-bike system. Some of these topics included:
location of the bike racks, vandalism, smart-bike possibilities, and the general Danish

mentality towards the program as awhole.
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Also, in an effort to dig deeper into the financial workings of the CBP, we
decided to interview a member of the advertising agency: AFA JCDecaux. This
company is in charge of the signs and billboards located around the racks and are an
important part of the system. This phone interview was aso conducted with an un-
standardized structure. We were interested in the agreement between AFA JCDecaux
and the city-bike fund and what responsibilities it assigned to the company. We also
gained a lot of information regarding their general satisfaction with the agreement, and
their thoughts on expansion of the program. We asked many questions regarding a
consolidation of the advertisements on the bikes and the racks, and their interest in such a
consolidation. The conversation gave us a feel for their genera thoughts and concerns
about the CBP, which is awelcome new perspective to examine.

We aso interviewed a number of other individuals. We interviewed Sgren B.
Jensen, the origina manager of the CBP, over the phone to get more information
regarding the history of the CBP. Also, we talked to a number of other individuals,
directly involved in CBPs in other cities, which gave us a better understanding of how to
adapt Copenhagen’ s system.

Accumulating and evaluating the results from all our interviews, we were able to

find key problem areas on which to focus our research and field work.

3.2 Research

Since many of the topics that we learned about in interviews were not part of our

origina plan, we found it necessary to do some extra research in these specific areas.
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Some of these areas included research into vandalism, research into the campaign
process, and athorough analysis of the city-bike financial status.

After identifying vandalism as one of the main reasons bikes are brought in for
maintenance, we decided to look more closely at the causes of vandalism and ways to
prevent it. Also, we researched methods of removing graffiti and techniques to increase
public awareness of the current defacement problems.

After deciding that some sort of campaign may be the best method of improving
public awareness of vandalism, we decided to investigate the possibilities of having such
a promotion. We talked directly to a member of the DCF to inquire about their current
‘bike to work’ campaign, what kind of work and planning is necessary to run a program
like this, and what kind of success they are achieving.

Finally, we financialy analyzed the CBP. By comparing the costs of the current
program with other systems, our team was able to suggest the most practical ideas for
improvement to the program. We aso considered the cost of upgrading to a smart-bike

system versus the cost of replacing the stolen bikes each year.

3.3 Other cities

The idea of providing public bicycles to the population of alarge city has only in
recent years become popular. To put a perspective on Copenhagen’s unique system and
situation, we looked at other cities currently planning or running a CBP.

We constructed a database, appendix H, of CBPs in various cities by research
conducted on the internet. In this database we listed the applicable information for these

cities and their bikes. Copenhagen has the largest program, but we wanted to gain some
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perspective, so we listed the number of bikes used in each of these other city’s programs.
City population was very important to get an idea of the number of bikes compared to
people and the total bicycle demand.

We aso contacted a number of these municipalities and organizations involved to
aid usin filling in our database of CBPs. These conversations focused on more specific
topics. Very crucia in Copenhagen’s case is the amount spent on maintenance and
vandalism, so we noted if these other organizations were having similar problems with
their systems. The cost of the various parts of each city’s system was aso noted. We
also listed the structure of funding for the program in each city; while it might be very
gpecific to the type of local government, an understanding of the structure was very
valuable. The targeted users were also very important and often linked to how the system
was funded.

We spoke with Mangor Eikeland, of the Sandnes CBP in Norway. He was very
helpful with our inquiries and was willing to meet with us during our visit to his city.
Upon our visit he gave us atour of the premises, speaking of the technology involved in
his system and its financial structure. We also learned about subtle problems with the
system, which may concern Copenhagen if it adopted a smart-bike system. Our
conversations often focused on the vandalism and maintenance cost that plague
Copenhagen'’ s city-bike system.

We a so spoke with Luud Schimmelpennink from Amsterdam. As the manager of
this city’s highly technological CBP, we felt he would be able to give us important
information on costs, problems, and benefits of a smart-bike system. We tried the bikes

as well, so that a physical comparison could be made with Copenhagen’s bicycles. By
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testing other cities programs in this way, we were able to better understand CBP's in

genera, thus bringing us closer to possible recommendations.
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4.0 Results

The following section includes results from the research involving Copenhagen’s
CBP. Information about quality, vandalism, and bike racks is aso included, as well as

any information obtained about CBPs from other cities.

4.1 Quality
The definition of quality varies between different parties. Below we have

included a series of statements of quality for different groupsinvolved with CBPs.

4.1.1 Statement of Quality to Billboard Sponsors

The quality of the system does not interest the billboard advertiser. The sponsor
feels advertisements on the racks are unrelated and therefore unaffected by the city-bikes.
Although the billboards are placed next to the racks, the advertisement is not directly

linked to the city bicycles.

4.1.2 Statement of Quality to User
e Easy and inexpensive setup and registration
e When and where needed, a bikeis available
e Hassle free and inexpensive borrowing and unlocking procedure
e Bikes must be comfortable, safe, and well maintained
e Simplelocking and returning procedure
e Assurance that abike will be available when needed again

e Vacancy at rack and simple returning process
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These are the user’ s concerns with regards to the system. By addressing these concerns,

the program will gain more respect from the users.

4.1.3 Statement of Quality to the Bike Sponsors
e Clean and graffiti-free bikes and racks
e Bikes properly positioned on the racks
e Thebikes and system must be respected by the people viewing the adverti sement
A bike sponsor has dslightly different concerns. The sponsor is mainly concerned
with the aesthetic nature of the system and the bikes they sponsor. They are also
interested in public and user opinion of the bikes because high public opinion will make

the bikes a more valuable asset.

4.1.4 Statement of Quality of a City-Bike Program to the City
e High number of trips each day per bike
e Low cost per bike
e Physically attractive system
e Good public image
e No competition with private businesses
The CBP influences the city and taxpayers on two accounts. First, it is aform of
transportation, measured mainly in the amount of travel per dollar spent on the system.
Secondly, it is used in promotional literature and presentations, thus attracting tourism.

The publicity and knowledge of a system will influence the quality of the city. While
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these benefits are hard to quantify, they are important to consider when determining the
true value of a CBP.

Although many CBPs are started to reduce traffic congestion, we feel this benefit
is questionable. These are three genera types of people in the downtown area of a city:
residents, commuting workers, and visitors.

A resident of a cycling friendly city like Copenhagen, who wants to cycle, will
typically own their own bike. With the choice between a persona bike and a city-bike,
the resident will chose his personal bike for convenience, assured availability, and
comfort. For thisreason, most residents would not use city-bikes regularly.

Many individuals drive to the city on a daily basis. This trip is usualy from a
location outside the city-bike limits and could not be alleviated with city-bikes.
Commuters coming by train might use a city-bike to go to work from the station, but this
would be in place of a bus ride or a walk, not an automobile. This use of city-bikes
would not lower traffic congestion inside a city.

Visitors are probably the prime users of the city-bikes. These people usualy do
not bring their own bike nor do they have a car or any other form of transportation.
Visitors would benefit greatly from city-bikes, but these users are not using city-bikesin
a way that would lower traffic congestion as they would have otherwise walked or
purchased a bus pass.

This analysis leads us to believe, while it may happen, city-bikes are rarely used
instead of persona cars. Programs such as the Danish Cyclist Federation’s Cycle to

Work campaign have a greater influence on decreasing car usage within the city.
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Campaigns like these are successful because they target specific users and can achieve

results through a simple rewards system.

4.2 Copenhagen

The Copenhagen program is the largest city bicycle program in the world. It has
been operational for seven years. In this section we will briefly describe the history, the

present program, and its advantages and disadvantages of the CBP.

4.2.1 History of the CBP

Copenhagen’s CBP began in May of 1995 with a total of one thousand bikes.
Eight hundred of these bikes were sponsored. An independent foundation, Fonden
Bycyklen i Kgbenhavn (City Bike Foundation in Copenhagen), run by Seren B. Jensen
(appendix D), was established to oversee the CBP and the City Bike Fund. The
municipality donated two million DKK ($240,000) and the Green Foundation donated a
half million DKK ($60,000) to help the City Bike Foundation purchase the first bikes.
Other sponsors included Netto, the supermarket chain; and Politiken, the National
newspaper. Each of these companies sponsored three hundred bicycles for the next three
years.

The city-bikes are mainly operated in the center of the city, where the parking
fines are highest, to discourage car usage. Half the users of the bikes were commuters
going to and from work or school. The map below shows the area where the city-bikes

are supposed to be ridden.
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Figure 4. Areawherethe city-bikes can be used

A city-bike is rented out by inserting a twenty Kroner coin into the bike. The
deposit is refunded when the city-bike is returned to any city-bike rack. There are
roughly 115 bike racks throughout central Copenhagen. The city-bikes are seasonal from
May to December. During the off-season they are taken in for storage and repair. The
design of the bike was adequate, but too weak for heavy usage.

In 1996, one thousand more bikes were bought with funds from ten new sponsors,
including Coca-Cola and the Girls Guides Association. This resulted in a total of two
thousand bikes for that year. Then the quantity of bikes decreased as they were worn out
and taken out of the system; about ten to fifteen percent would be missing each year.

Danish State Railway and the Employment Service of the City of Copenhagen
became sponsors of the CBP in 1997. That year three hundred bikes were missing or

worn beyond repair. This number included the fifteen percent bike loss the City Bike



Foundation predicted. Since 1997, the sponsors have changed numerous times and the

guantity of bicycles has fluctuated.

4.2.2 Current CBP

The City Bike Fund is currently controlled by the City Bike Foundation. The
Foundation is directed by three individuals on the City Bike Board. Christian
Christiansen and Jens Jacobsen from the municipality have chairs on the board, while lan
Elmelund of the City Bike Foundation is the foreman. The City Bike Foundation is an
organization run by lan EImelund and Klaus Hildebrandi.

The city of Copenhagen is lending the City Bike Foundation 115 spots of land for
bicycle racks and rights to have a billboard at each of these spots (appendix B). The
Copenhagen CBP currently consists of 1,200 bikes across these racks. Starting in 2002,
AFA JCDecaux will pay a fixed fee of ~2,000,000 DKK ($240,720) per year to the City
Bike Foundation, which is responsible for maintaining the bike racks and the area around
the racks. The company bid this amount to win the contract giving them rights to the
billboards throughout downtown Copenhagen. It is enough money to fund the expansion
of the CBP over the next several years. The advertising company does not want any
advertising on the bikes themselves, because they fed it is ineffective and unattractive.
AFA JCDecaux arranged their ten year contract with the City Bike Foundation to be
sufficient without income from individual bicycle sponsors.

The City Bike Foundation wants to buy as many bicycles as possible for the city.
Klaus Hildebrandt of the City Bike Foundation recruits bike sponsorships from local and

nationa corporations individually (appendix C). The mgority of the bikes are currently
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sponsored by government or former government companies, partially as an act of
goodwill. Theinterest in bike sponsorship has fluctuated through the history of the CBP,
but thereis currently very little interest due to the program’ s bad public appearance.

Last year the City Bike Foundation paid one and a half million DKK ($181,022)
to Reva a facility which trains unemployed individuals to fix, paint, collect, and
distribute city-bikes. Reva's goal is to re-introduce these people to the work force.
Generdly these employees leave for other work within nine months. Although these
temporary employees may not be as effective as permanent ones, they are not pad for
their work; therefore the overall benefit to the City Bike Foundation is more than the
amount of cost it inflicts on the Foundation. The bikes themselves cost around $200 for

the parts which are manufactured by afirm in Taiwan, per specifications given by Reva.

4.2.3 Copenhagen City-Bike Program Critique

In order to properly critique the Copenhagen CBP we first had to understand the
objectives of the program. Copenhagen originally designed the CBP to relieve
automobile traffic in the city. This objective developed over time into a more complex
goal.

As mentioned in our quality section, the city receives two major benefits from
hosting a CBP. One benefit is public transportation and the other, good publicity. The
following critique examines how successful the program is as a form of transportation
and as away to generate good publicity for the city of Copenhagen

With an unreliable public bike system, many of the CBP goals cannot be

achieved. The city-bikes do not constitute a heavy percentage of bicycle traffic
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throughout the city. Those users who were originally targeted, people coming into the
city on trains and commuting, will not use the unreliable system.

Currently there are not enough bicycles available because many are left unused
away from the city racks. Furthermore, when the city bicycles are used as personal bikes,
they will not be available on the racks thus making fewer trips per day. This limits the
total amount of sharing that occurs. Also, there are occasiona problems with disrespect
to the program. Bicycles are stolen, thrown in canas, and found far from the city-bike
boundaries.

Tourists use the system frequently. Though this does support the tourist industry,
it does not directly aid the Copenhagen tax payers. Tourists, who might regularly rent
bicycles from shops, may use city-bikes instead. This pulls more revenue from the city.
In addition, tourists using the bicycles make the system even more unreliable for the
resident public.

The bicycle racks are of poor design. The existing racks rely on the bicycle's
kickstand to keep the bike standing. Asis shown in the picture below (figure 4), the city-
bike racks do not provide any support for the bicycle. If arushed user were to put a bike
back on the rack without using the kickstand, that bike might tumble over, potentially

taking two or three more bikes with it.
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Figure5. City-bikerack in Copenhagen

Being one of the most visible aspects of a CBP, the racks are essential for
publicity to acity and should be designed accordingly.

Other problems are aso inherent in the rack design. Many of the locking chains
and keys are missing from the racks and the bike racks are not designed specifically for
the city-bikes so members of the public will often place their personal bicycles at one of
the racks. This decreases the quality of the program for the sponsors, users, and city.

In regards to bicycle design, the Copenhagen system could use some
improvements. Currently the bicycles are very uncomfortable and have no space for
personal belongings. Also, an individual must insert a 20 Kroner coin into the lock on
the bike to take that bicycle. Though this deposit may seem nominal it requires that users

carry this particular coin.



Next year, in 2003 after more bikes are added, there will be a total of 2,500 bikes
in circulation. The total number of bicycles that the 115 racks can accommodate is about
1,500. It is questionable if the 2,500 bike system will function with only 1,500 parking
gpots available. The City Bike Foundation does not feel that this will be a problem
because in past years the ratio of bikes on the racks to the total bikes of the system was
very low. Thislow ratio even occurred during the middle of the night when the amount
of usage was thought to be low. This low ratio is most probably caused by unreturned
and stolen bikes. The Foundation also believes that this increase in bikes will greatly
improve the reliability and eventual respect of the system. They feel this will decrease
theft and misuse of the bikes significantly. If the misuse and theft does significantly
decrease, then the ratio of bikes on racks during off-peak hours will be very high, and the
rack space will be insufficient. In 2003, with 2,500 bikes and 1,500 spaces either there
will continue to be great theft and misuse in the system, which will alow 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.

The CBP does contribute heavily to Copenhagen’s public image. Currently, due
to the bikes poorly providing transportation, the image of the system is poor, which
reflects poorly upon Copenhagen. Having a better bicycle program, in both appearances

and operation, will improve the public image Copenhagen maintains.
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4.3 Vandalism

An important component of the bike program is the protection of bikes from theft
and vandalism. Vandalism, a problem found across the world, is defined as willful or
malicious destruction of public or private property.

Communities are working hard to repair the damage caused by vandalism and
prevent future damage. It is not only a maintenance problem but also a social one. This
is because vandalized areas invite more vandalism and cause the public to feel insecure.

Depending on the vandalized surface, there are a number of different ways to
remove graffiti. Some devices, such as sandblasters, remove painted graffiti off stone,
cement, and other mineral surfaces by using ordinary food-grade baking soda under high
water pressure. These machines do not damage the surfaces and are environmentally
safe. Paint thinner is another substance used to remove paint. There are many different
solvents, therefore choosing the correct one is important. Appendix J shows graffiti
removal techniques for different surfaces; it also lists products that can be used to coat
surfaces to help remove paint more easily.

Danish Rail, operator of the railway traffic of Copenhagen, had seen an increase
of vandalism and graffiti at the railway stations for a number of years. The personnel at
the railway stations felt insecure when the vandalism was increasing. In order to reduce
the vandalism and improve the environment at the railway stations, Danish Rail used a
video surveillance system to monitor the stations 24 hours aday. Since then, Danish Rail
has seen areduction in vandalism and has made it safer for its personnel.

Another method of discouraging vandalism is by improving the lighting. Motion

detectors are a good solution in that they turn on when there is movement in the vicinity.
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The average operating cost for a commuter bicycle is 230 DKK ($28.14) varying
on the amount of vandalism and maintenance. Some ways that bikes are vandalized are
by graffiti, tire punctures, scratching the frame, or destroying the parts of the bike such as
the chain or gears.

The city-bikes can be further vandalized by breaking the locks or inserting items
other then coins into the locking device. Using the bikes to carry people other then the
rider can damage it. The bikes racks are vandalized in that they have missing or bent
keys and the chains are broken or missing. Vandalism has been seen on some of the
poster boards next to the racks as well. Spray paint and broken glass occasionally litter
the areas around the bicycle racks.

All of these vandalism problems have a devastating effect on the CBP. Currently,
two thirds of all maintenance funds go towards removing vandalism (appendix E). If
vandalism could be decreased, more funds could be invested in other aspects of the

program.

4.4 Other Cities

Three cities were analyzed in detail: Rennes, France; Sandnes, Norway; and
Amsterdam, Netherlands. Each of these cities has a unique CBP, each with its own

strengths and weaknesses.

4.4.1 Rennes

Rennes, France aso has a third generation CBP called SmartBike. The CBP was

initially developed as a solution for the growing traffic problems in the city because it
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helps relieve overcrowding of streets and reduce pollution. The system was started in
1998 by Clear Channel Adshel. Clear Channel has an agreement with Rennes to keep the
system running smoothly. The agreement states that Clear Channel is in charge of
installation and maintenance of the system and bikes for the duration of the contract.

Smart cards are issued to the users allowing them access to the bikes in the city.
Information on the user, bike, and rack are sent to Clear Channel every time a bike is
removed or returned to arack. These data act as a deterrent against theft because the user
knows that his information is recorded and he will be responsible if the bike is not
returned. Clear Channel controls many dispatch vehicles that act on these data and
redistribute the bikes throughout the city.

A total of two thousand smart cards have been issued. The smart cards were
divided into three categories. 1,320 cards are distributed among the residents of Rennes,
280 to the residents of the District of Rennes, which includes thirty-two neighboring
villages and towns, and 400 are reserved for the students enrolled in universities in
Rennes.

The smart cards are given for free on a first-come, first-serve basis. The user
must present two forms of identification and is required to sign a contract which states
the terms and conditions for using the system. A maximum of one smart card is issued
per household. A user may only use the bike for two hours per loan; but the bikes can be
taken out multiple times throughout the day.

Today the system consists of two hundred smart-bikes. The bikes are a unisex

custom-design, made for outdoor conditions, comprised of parts that are not compatible
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with other bikes. Each bike also has a separate lock and cable so that it can be secured

temporarily.

Figure 6. Smart-bike used in Rennes, France

There are atotal of twenty five docking stations. Rennes is divided into twelve
sections; each section has a docking station and is directed by a member of the municipal
council. The other thirteen stations are installed next to train stations, bus terminals,
university grounds, shopping centers, parks, and major administrative buildings.

The bike rack holds the front wheel off the ground to accommodate uneven
terrain. A power source must be nearby to operate the racks and the station must have a
good GSM (Globa System for Mobil communication) signal of 900 MHz frequency.
The controller and docking rail are the only hardware requirements for the docking

station.
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Figure 7. Docking station and smart-bikes

The controller is alocal computer that controls al the functions of the station. It
consists of a GSM modem, CPU (Central Processing Unit), and a power supply unit. The
controller enables the communication between the individual docking points in each
station and the card reader located on the bike. The card reader batteries are charged by
the power supply.

Each docking point on the rail has a radio frequency coil which transfers power
and data to the card reader. The docking rails can hold combinations of three and five
docking points. There are two designs of docking rails available, straight and curved.
The structure is composed of zinc treated steel using stainless steel for the critical parts.

Dispatch vehicles are used to transport bikes from full racks to ones that are
empty. The vans are linked to the stations through SMS (Short Message System)
communication that can notify the status of a bike at any given location. It is also used

for on-site repairs and transporting bikes to the repair center.



Figure 8. Dispatch vehicle in action

The central computer is the most important component of the smart-bike system.
It automatically downloads information stored in each docking station. All the
communication done by the central computer is through GSM. The central computer
authenticates users smart cards and compiles user and rack usage data.

The SmartBike system in Rennes is successful in a number of ways. Only four
bikes have been stolen since the system started. The CBP aso provides people with an
alternative means of transport that is free. Appendix G shows the uses and the user
statistics of the bikes. It also has the results of two separate studies of the SmartBike

System.

4.4.2 Sandnes

Sandnes, Norway has an operating third generation city bicycle program. This
program has developed significantly since it was first started in 1991. The two main
goals of the original bicycle system were: “to make the town more friendly for cyclists’
and “to make more people use the bicycle’ (Eikeland 2). These two goals successfully

divided the Sandnes workload into a construction part and a campaign part. The
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construction included the building of bicycle lanes within the city. The campaigns
consisted of introducing bikes to the public and supporting their use.

The first bike system that Sandnes used was very similar to the current program
used in Copenhagen. A number of ordinary bicycles could be taken by members of the
community for a small deposit. The bikes were locked with the same chain and lock
system as that in Copenhagen. However, numerous problems arose with this system.
The most prominent problems were theft and that the bicycles were too weak. The bikes
were even stripped for parts.

Sandnes then moved to a new system. The bike foundation believed that by
starting a program with more defined rules the community would respect the program
and use it wisely. For this reason, the bicycles of the second system remained unlocked
in the bike stands. The problems, however, did not dissipate.

Sandnes then adopted a third system, the one in use today. This system had a
stronger, more unique physical design. Suggested by the City Bike Foundation and built
by DBS, Den Beste Sykkel, the new bicycle design won an award. They had a stronger
frame, smaller front wheel, and an electronic locking device.

Under this new system, a subscriber would go to a number of locations to register
for asmart card key. This key allows a user to unlock a bike from any of the racks. In
order to register, the user must give his name, sex, and address. Once registered, that
user can take a bicycle from any of the rack in Sandnes. Unlike the Copenhagen city-
bikes, the subscriber can use the locking device on the bicycle to secure his rented bicycle
at any location, not just at arack. When secured at a non-rack location, the bicycle can

only be unlocked by the person who locked it. Furthermore, because the system stores
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information about the current user, that user has more liability and responsibility for that
bicycle. Once returned to the rack, the bike will reset and unlock for any subscriber.

The City Bike Foundation of Sandnes has two agreements with the municipality.
Both twenty year contracts, these agreements create a financial foundation for the
program. The first agreement states that there will be twenty boards for advertising
located throughout the city, and that these boards will be used to help bring advertising
income into the program. The second agreement is with a private company that operates
the advertising and dictates the financial income earned through the ads.

Physically the bicycles of Sandnes are maintained and supported by a group of
handicapped persons. The labor, like that of Copenhagen, is a socia service to the
community. The handicapped are hired to make repairs, just as in Copenhagen the
unemployed are brought in to fix the bicycles. The bicycles, as stated earlier, are
designed to withstand heavy use. They use Kevlar tires, which are filled with air and
resist puncture, and frames which are simple and strong in design.

Currently a board of six individuals has jurisdiction over the program. This
committee represents the municipality, the shop owners, the DBS factory, the
handicapped, and the bicycle industry.

The CBP of Sandnes gets funds through two different means. Advertising is the
main source, bringing in 95% of income. The other 5% comes from proceeds gathered
by selling the individual smart keys for the bikes. Each key requires a fifty Norwegian
Kroner ($6) deposit. Each year, users must also pay one hundred Norwegian Kroner
($12) to keep their key activated. For that cost, each user gets unlimited usage of any of

the city’s smart-bikes.
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The technology for the Sandnes bike system was designed by Infotronics A/S.
This local company designed the electronics in the bikes, as well as those in the racks.
No central computer is used in this particular program; any updates to the racks must be
completed by on-site trips syncing a laptop to each rack. This distributes the user data
throughout the racks, and gathers it into a central database where the organizers analyze
it.

Because of impressive technology and strong build quality, the Sandnes City-
bikes are expensive to purchase and implement. The cost break down for the individua

bikesis asfollows:

One Bicycle: 4,000 Nkr ($468)
One Unit Stand with Electronic device: 2,000 Nkr ($234)
One Bicycle Lock: 1,500 Nkr ($175)
Other costs: 1,500 Nkr ($175)
Tota 9,000 Nkr ($1,055)

In Sandnes, there are currently ninety bicycles in use. Four hundred individuals
subscribe to the program. The future plans are to have 2,000 members, and 150 bicycles.
Included in the appendix | are data regarding usage of the present bicycle system.

While this city had much to offer, we felt the small size and scale of the CBP

makes it difficult to compare to the Copenhagen CBP.

4.4.3 Amsterdam
In 1966, Luud Schimmelpennink and others helped organize a city bicycle
program. The city of Amsterdam collected donated and unclaimed bikes, painted them

white, and unleashed them to the cities inhabitants. While the idea was utopian in nature,
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thieves and vandals robbed the city of its free public use bicycles. In the nineties,
technology existed making effective theft-deterrent bicycles feasible. After many
iterations of design, Luud believes he is very close to the ideal theft and vandal proof
PUB program.

Amsterdam’s bike system uses a regular bank-issued smart card to control the
release of bicycles. The user proposes his destination at the rack location. Then the
Depo bike pole, which communicates directly with the central computer, authenticates
the user with the bank and checks the destination rack for a vacant space. If one exists, a
bike will be released for the journey. The user will be charged about 3 cents per minute

for use of the bike.

Figure 9. Amsterdam's smart-bikes and rack
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During the trip, the bicyclist may want to stop at a cafe. He simply gets off the
bike and inserts his smart card into the bike, locking the wheels. When he is ready to
leave, he inserts his card to unlock the wheels, alowing him to travel to his destination.

The bikes themselves are very durable, using a rugged metal frame to protect the
internal electronics. A battery powers the various electronics inside the frame of the bike
and is recharged when the bike rests on the rack. Wireless communication using
Bluetooth technology transfers information from the bike to the pole, making the racks
themselves somewhat cheap compared to the bikes, because they are not used to facilitate
communication.

The bikes are heavy and durable. They have a comfortable seat, special air tires
that have a lifetime puncture free guarantee, and well placed pedals and handlebars.
These features make riding the bicycle comfortable, despite a smaller front tire and single
gear.

Depo is a corporation that proposes innovative designs involving the public sector
and transportation for municipalities. When an idea is completely developed, the city
then purchases the product and Depo can sell the finished product to other cities
interested in a similar solution. The Amsterdam office space where the system is
developed, is a design lab, a place for Luud and company to work with new technology

and apply it to the bikes.
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Figure 10. Y-tech Industries (Depo)

As these pictures indicate, the new smart-bike system described above is till
incomplete. The project is at somewhat of a standstill until funds are secured for the
completion of development. Once complete, the system has alot of potential.

The system has a double lock solution. The bikes are secured to the racks with a
very sturdy clamp; if a bike was to be successfully removed, the wheels would be locked
because the bike was not properly checked out. The only way a bicycle could be stolen
would be by overcoming both locking devices. While the clamp discourages regular
theft, the wheel locking device makes a stolen bicycle useless for transportation, thus
making theft futile.

The system has afairly low per-bike cost.

e 3500 per bike
e $5,000 per booking pole (includes 2 public payphones)
e $100,000 per central computer

Most smart-bikes communicate with the rack card reader through the rack itself.

The technology needed at each bike space to facilitate communication makes the racks

very expensive. Amsterdam bikes wirelessly communicate with the booking pole with
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Bluetooth wireless technology. This removes much of the required technology on the

rack, lowering its cost. For thisreason, rack expenses are minimal.

Bikes Booking Poles Tota Cost (USD) Cost per Bike (USD)

50 5 $152,500 $3,050
500 50 $600,000 $1,200
3000 100 $2,100,000 $700

Table 1. Cost analysis of Depo Smart-bikes

The high central computer cost means the system is financialy attractive only
when there are a large number of bicycles. As shown above the cost of the system with
3,000 bikesis very reasonable.

Although not required, the system is capable of booking. When a user chooses a
destination, the system will only release a bicycle if there is an empty bike dlot at the
specified rack. If there is an empty spot, it will be reserved and a bike will be released.
This may limit usage because during travel bicycle parking may become available at a
previously full rack. If this were to happen, a trip that would have worked flawlessly
would be denied. This is a negative aspect of the booking system, but such
circumstances could not be accurately predicted. The booking system does, however,
give a sense of assurance to the user that a return space will be available. This is
especialy important in a system which the user is paying per minute. On racks that are
overcrowded with bikes, the host of the program can simply lower the price per minute of
bikes taken from that rack at timeswhen it isfull. Thisincreases demand and will create
vacant slots for bikes whose users want to travel to those racks which otherwise might be
full. There appears to be no way, without booking, to guarantee a bicyclist the ability to

return the bike at his destination.
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The system runs on common bank issued smart cards. The registration for a bike
card is nonexistent, because most people aready have a bank card. Without the
possibility for coin deposit, tourists may be alienated by the system. For a city that relies
on income from tourists, this may be a good system because it requires them to rent a
bicycle from alocal bike shop. Using a bank card also gives the governing organization
the valid background information of a user, allowing the parent organization to follow
through on fines if someone does not return a bike.

With the use of the per-minute charge, an organization may not confine the area
of use for the city-bikes, alowing the user to go anywhere around the city. This

geographical freedom removes the need for enforcement of boundaries.
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5.0 Scenarios

In an effort to suggest the best possible recommendation for Copenhagen, we
have organized several potential scenarios in this section of the report. These scenarios
include: remaining with coin-deposit bikes, changing to a dual coin-deposit and smart-
bikes system, completely switching to smart-bikes, and waiting for an ideal system to be

developed.

5.1 Coin-Deposit Bikes

The simplest solution to the CBP' s availability problemsisto continue purchasing
more of the currently used coin-deposit bikes. Increasing the total number of bikes may
result in an increase in availability. The City Bike Foundation in Copenhagen is
currently attempting to purchase bikes until the demand for available bikes is satisfied.

The main benefits of this system are that many bicycles can be purchased and the
system can be built upon the existing bicycle program. Costing only $200, these bicycles
are less than a quarter of the price of the smart-bikes, ultimately allowing the city to have
an excessive number of bikes. Also, because of the special design, the bikes are not often
stolen for parts or sale, as they are heavy, uncomfortable, and comprised of custom parts.

With more bikes it is hoped the system will be better-treated by its users. Because
of the vast number of bikes, people may not question their likelihood of getting a bike the
next time they need one; therefore users will not hesitate to return a bike. As bikes are
returned, the availability increases, resulting in more use. This increase in sharing will
improve the dependability of the system, directly influencing quality to the user and the

city.



As dependability of the system increases, respect for the program will grow.
With more respect comes less vandalism; this belief is held by many involved with public
systems. Less vandalism will decrease maintenance costs and make the system more
appealing to sponsors.

There are many problems that remain, regardiess of the expansion of the CBP.
People can borrow bikes for extended periods of time without consequence, so it islikely
that many people will. The quality of the system’s transportation depends on the amount
of transportation accomplished for a given cost. Prolonged bicycle use decreases the
amount of sharing of the system, decreasing the amount of transportation it satisfies.
Other problems include the high cost associated with maintenance due to vandalism,

which may still plague the system regardless of the number of bikes.

5.2 Dual System

Another possible solution for Copenhagen’s CBP would be to adopt a dual
system. This means that Copenhagen would have two bike programs in operation at all
times. A coin-deposit system for individuals wanting quick service without much
responsibility, and a smart system for the user requiring a bit more quality.

The benefits of this scenario are clear. Copenhagen could achieve the best of both
worlds: providing for the tourist, child, and casua user, as well as the businessmen,
commuter, and frequent user. The coin-deposit bikes require no registration and are free
to use, making them ideal for achild or visitor to the city. A smart system would achieve
a higher level of bike availability, and would be more desirable to those willing to pay or

register for the service.
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As with any solution, the dual program does have potentia problem aress.
Maintaining two systems could be very complex and expensive. Reva would have to
develop methods of repairing two different types of bikes. Thisis especially problematic
because the average stay of aworker at Revaisonly six months. Having enough racksin
avariety of locations for each system may require more land then the program currently
has. Getting more land from the city may be difficult. Initial setup and equipment costs
of smart-bike systems are very high, meaning a smaller implementation would have very

high costs per bike. All of the problems associated with the coin-deposit bike still remain.

5.3 Switch to Smart-bikes now

Another option for Copenhagen’s bike system is an immediate and total switch to
smart-bikes. The most certain way for Copenhagen to get a smart-bike system which
suits its needs is to abandon the current coin-deposit system and forward all resources to
developing a new smart-bike system. Engineers would develop and test the system over
the next few years to assure its functionality. Dismissal of the current program ensures
that a maximum amount of resources will be focused on the developing smart-bike
program.

The main argument for this solution is that it guarantees a working system
eventuadly. In addition, it removes any reliance in other companies to further develop
their systems in a timely manner. Because the system would be built and developed in
Copenhagen, it will add to the community’s pride and to the city’ simage.

Problems lie in the costs. With each iteration of development there is wasted

materials and development costs. The involved organizations of the Copenhagen CBP
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are not capable of developing the needed technologies for smart-bikes. For this reason,
engineers must be hired or the City Bike Foundation must contract an outside firm to
develop a smart system. In addition, the community will be robbed of any city-bike

system during the development process.

5.4 Wait for Satisfactory Smart System to be Completely Developed

One option for the City Bike Foundation is to wait. Amsterdam has arguably the
most desirable system, with dua solutions against theft and booking technology.
However, the system is not ready. Other programs like the one they are using in
Sandnes, Norway are also improving each year. Rather then picking up a work-in-
progress, the City Bike Foundation could wait until a few of these bike systems are
satisfactory, then choose the one that best fits Copenhagen’'s needs and the City Bike
Foundation’ s budget.

This option seems sensible because of the high cost of the components of the
system. Buying a system of this cost now, only to replace it with a better one a year or
two later is not sensible financially. Also, with several companies so far in development,
starting development of a system in Copenhagen is probably not very cost or time
efficient. The City Bike Foundation could wait a short amount of time for a foreign
system that would take far longer to develop from scratch.

The CBP in Copenhagen is the largest in the world. With such a grand scale
issues arise that may not in very small implementations such as Sandnes. Although we
may never know when a system is perfect, the current systems available for purchasing

al have noticeable flaws. For example, the Sandnes smart-bikes have some easily
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damaged plastic parts. If the technological head-start that foreign city-bike programs
have is to be taken advantage of, Copenhagen should wait a few years to dlow the
systems to be improved or completed.

Waiting can be problematic. Asmany cities are continuously devel oping new and
improved bicycle programs, there may never be afina result. Essentially, Copenhagen

could be waiting forever.

5.5 Expansion of Bicycle Boundaries

With any of these scenarios it will be important to investigate area expansion.
Currently the Copenhagen CBP fills the inner city (appendix F). With natural boundaries
on all sides and 115 bike racks throughout the city, the CBP area is well defined and is
covered comprehensively. However, once the desired amount of inner-city transportation
is achieved, Copenhagen must decideif the controlled area should increase.

The positive features of an expanded area include: a wider user base, a broader
advertising audience, and a greater coverage of the city region. With such a system, more
trips would be possible because fewer destinations and departing points are outside the
limits of the system. ldeally the entire country would be within the city-bike limits with
bike racks on every street corner. This abundance of locations would ensure the bikes
successful adoption in awide variety of trips.

Unfortunately a wider cycling region also means more maintenance, greater up-
keep costs, and the need for artificia boundaries. Without a natural boundary, it would
be easier to take bicycles beyond the city-bike limits. Also advertising is less attractive to

sponsors if their bikes are out in the suburbs rather then downtown. Because population
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is less dense, it may be easier to vandalize the system; in addition, it is harder and more
expensive to check up and maintain the system in these less dense areas of the city.
Expansion would also require a gift of more public land from the municipality
which may not be possible. Expansion would require the installation of more bicycle
racks as well as the purchase of more bicycles. The benefit of a greater area, however,

might outweigh the costs of increasing the boundaries.
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6.0 Recommendations

Next year the CBP will be running with a total of 2,500 bicycles. After
examining a number of options and scenarios our team has decided that it would be best
for Copenhagen if the city were to adopt a smart-bike system.

We have developed three main recommendations for the Copenhagen CBP.
These recommendations are listed below:

e Upgradetherack design immediately to removereliance upon
kickstands

e Observevacancy on the bikeracksin the coming yearsto seeif more
rack spaceisrequired to support the 2,500 bikes

e Observeforeign smart bicycle developments and collaborate with the
smart bicycle developer s, noting when a system is satisfactory for
Copenhagen’ s needs
e Start afull smart-bike program when enough resour ces are available
The City Bike Foundation should upgrade the bike racks immediately by adding a
structure which will keep the bikes standing. A modestly priced supporting bracket to
brace the front wheel should be added to the current racks. This is needed because
currently the bicycles rely on their kickstands to remain standing. If the kickstand is not
used the bike will fall, knocking over nearby bikes, and causing damage to the locks,
chains, and bikes themselves. Not only does this problem cause damage, it makes the
bikes in the racks look undesirable and in disarray. Improving the appearance of the
bikes in the racks will increase the quality of the city-bikes to the sponsors (section
4.1.3). Increasing advertising demand leads to more revenue for the City Bike Fund.
Copenhagen should not begin a smart-bike program immediately. While keeping

a close eye on the progress of foreign programs like Sandnes and Amsterdam,
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Copenhagen should start allocating resources towards a smart-bike system. Once the city

bike board agrees that a foreign smart-bike program is satisfactory for Copenhagen’s

particular needs, the alocated resources should be used to start a full smart-bike program,

replacing the current system entirely.

6.1 Characteristics of Copenhagen’s|deal Smart-bike System

Listed below are the features Copenhagen should look for and implement in a

smart-bike system.

1.

2.

Dual locking system

Per-minute charge

Booking service

Ability to accept bank cards or cred