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1. INTRODUCTION 

 

BRT-Bus Rapid Transit and LRT-Light Rail Transit are two different solutions for 

mass rapid transit problems. Examples of both systems can be found in Latin 

American and European cities. Some researches and consultants in the transport 

field have seen a clear necessity of making a difference between BRT and LRT, 

two technologies that have been used throughout the world. We can find 

differences in terms of their costs, planning process, urban conditions and political 

process. There are at least two main orientations to urban transport planning – one 

more favorable to rail than the other.  The one that is less favorable emphasizes 

standardized diagnostic project analysis, short-run project financial survival and 

little faith in the effectiveness of public authority. The orientation that is more 

favorable to rail transit shows more interest in long-run project benefits and more 

faith in public sector organizations.1 In this thesis I will show the benefits and 

disadvantages of each system and the reasons that explain why a city would 

choose one system or another. 

 

With the cooperation of Sebastian Hofherr- who is a student of Kaiserslautern 

University in Germany and the conversations we have had (using electronic mail), 

some interesting questions and discussions have come to our minds. The first one 

is which one of the systems is better than the other one, or which one is cheaper. 

This question does not have a single answer. It evolves financial, urban, political, 
                                                 
1 Gakenheimer, Ralph. (1990,page 1) 
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social and other aspects that I propose to develop in this work. It is also interesting 

to know under what conditions is BRT or LRT better suited for a city. It depends- as 

others- in how each city develops the mass transit system. In that way, the analysis 

of the conditions brings to my mind some questions, the first one: Is LRT a typical 

kind of system for European cities? Why do not we have this in South America, is it 

a matter of costs or a dislike of our politicians? Second, is the image of buses so 

bad in Europe that nobody likes this system, or don’t they know the BRT because 

they think is the same problem of the traditional buses? Don’t they know what are 

the characteristics of the BRT that achieve time savings, large amount of riderships 

at low cost? Maybe there is a lack of information of European people. Are the 

experiences of Latin American cities transferable to European cities or to other 

parts of the world? These questions will be discussed during all the thesis work. 

 

One important thing is that we cannot have our eyes closed with the problem of 

using one specific system or the other. They can be combined in a successful way. 

BRT and LRT can be used at the same time, as whichever can be used with 

traditional buses. In Europe many LRT systems have been combined with 

traditional buses and almost all of them have achieved excellent results.  

 

As a historic overview, the idea of developing BRT came about as a decision of 

Latin American planners and officials that were seeking a cost-effective solution to 

the problems of urban transit in developing countries. Cities were growing too fast 

because of high population growth. Planners and politicians wanted to change the 
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transport concept with the creation of a new transport paradigm that later on was 

called BRT- Bus Rapid Transit, that move people rather than cars as a cost-

effective solution.2 Experiences in some parts of the world have showed that 

solutions based in rail transit are more expensive than based in buses solutions. It 

is not clear if Light Rail Transit is cheaper or more expensive than Bus Rapid 

Transit, this will be solved later, as is one of the objectives of this paper. BRT a 

relatively new technology developed in Latin America has gathered recognition and 

support from stakeholders and development agencies worldwide, has emerged as 

a viable option politically, economically and technically.3 This attraction for BRT has 

brought some specialists in the transport field from many places around the world 

to visit cities like Curitiba, Bogota and Quito to see how these systems work and 

how they could be replicated in other cities. Since 1970 ś, transport planners have 

commented on the busway operations that had been in several Brazilian cities- 

especially Curitiba which was then a relatively small city. Then, approximately five 

years later, Quito and Bogotá decided to implement busway-based mass transit, 

copying several of the features of Curitiba and adapting them to their own 

circumstances.4 They are good examples that these systems could be replicated in 

a successful way.  

 

On the other hand, in Europe, especially in France and in Germany, tram and light 

rail systems are celebrating their renaissance since 1985, when the first 

                                                 
2 Wright, Lloyd. GTZ, (2003, page 3)  
3 Hermann, Gabrielle. (2005, page 2) 
4 Menckhoff,  Gerhard (2005, page 1) 
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reintroduction of a new tram system took place in Nantes, France.5 When this 

happened nine years later in Strasbourg, France, citizens said: “ The tram gave us 

back our city “, what probably means that trams or LRT make part of their urban 

life, which could be a main reason to prefer this kind of system instead of others 

like BRT. Nevertheless, it is not a strong reason to prove my hypothesis about why 

European people prefer LRT rather than BRT.  

 

What is really true is that European light rail systems and South American bus 

rapid transit systems like Transmilenio have a singular range of application; both 

systems have strongly convinced supporters in the professional world as well as in 

politics.6  In this paper I won’t be supporting or defeating one system or the other, 

because as I have explained above, the purpose of this thesis work is to make a 

fair comparison of both systems and analyze why one is better than the other one 

and under which conditions could be implemented in a specific city.  

 

In the second chapter, I will provide an analytical framework about both systems: 

Their characteristics, how they work and the main experiences that may illustrate 

the theory and will have a connection with the research questions. In this chapter I 

will present a fair comparison about the cost of these systems, too. I need to 

emphasize that examples that will be provided in this chapter are not necessary 

the same ones that will show in the next one, because there are many good 

                                                 
5 Topp, Hartmut (2005, page 1) 
6 Topp, Hartmut (2005, page 3) 
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examples of BRT in cities like Curitiba, Porto Alegre, Sao Paulo, Belo Horizonte in 

Brazil as León in México. Equally, the situation happens in some cities in Europe 

after the inauguration of the first successful LRT lines networks have been opened 

in several French cities like Grenoble or Lyons, in Valencia, Spain and in some 

British city areas (Croydon/London, Manchester, Birmingham)  

 

Next, on chapter three I will show the case studies that would be an objective 

analysis to get data for my comparison. The cities that will be studied are: Bogota, 

Colombia and Quito, Ecuador for the case of BRT. In the case of LRT, I will 

describe Strasbourg, France and Heilbronn, Germany. Why these cities are going 

to be representatives of the systems? There are many reasons. Geographical 

situation is an important factor. Bogota is the city where I live and Quito, Ecuador is 

close to my country, just one hour by plane. Another city that I had in mind was 

Curitiba, Brazil that I did not take because it was less close than Quito, Ecuador. 

But, there are other reasons that explain why would choose Bogota or Quito. 

Bogota has Transmilenio, that is the highest-volume BRT system anywhere, using 

segregated busways, stations, and terminals adapted to articulated buses (160 

passengers), and fare integrated operations with smaller buses in the outskirts of 

the city. 7 Bogota improved on Curitiba’s system with the innovation of express 

lanes for buses, fare collection technology and operation control technology. This 

system ended the penny war -where drivers earn a salary depending on the 

                                                 
7 Menckhoff,  Gerhard (2005, page 6) 
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amount of passengers that take the buses-. in the corridors it operates.8 These 

features have become Bogota in an excellent example of implementing BRT 

system, which has really good innovations. In fact, as I said above, transport 

planners from other countries have visited this city and continue doing that for 

trying to replicate a similar system in their regions.   

 

Quito has developed and expanded an impressive transit system featuring 33 

kilometers of exclusive busways.9  The system of this city has been growing 

progressively. Since 1995, three operations have been implemented, each with 

distinct contractual and operating characteristics. The first and best known is a 

trolleybus line that has been called “Trole” which began operation in late 1995 and 

was subsequently extended in 2000. The second one and third are the “Ecovía” 

and “Central Norte” corridors.10 One aspect that is interesting to study as a result of 

having three different ways is the management of each one. The Trole is 

government owned-operated and the others are operated by private consortia.11 

These features imply that I can see the better way of managing these systems. 

Also, is a good exercise for the city to  promote an integration that allows making 

better decisions and improving the actual system. 

 

 

                                                 
8 Hermann, Gabrielle (2005, page 37)  
9 Wright, Lloyd,GTZ (2003,page 10) 
10 Menckhoff , Gerhard ( 2005, page 5) 
11 Menckhoff , Gerhard ( 2005, page 6) 
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The first LRT example, Strasbourg, France, stands for the Renaissance of 

tramways in the French Urban Communities, dense built-up areas of about 

500,000 inhabitants. The study examines the background and the efforts for the 

installation of the new local LRT network that is known for its high design quality 

standards and additional measures of restraining private car use in the city 

centre.12 

 

The second example, Heilbronn, Germany, represents a typical small European 

city with a good 100,000 inhabitants in a polycentric area of small towns and 

villages. The study investigates the characteristics of a regional Tram Train LRT 

system following the Karlsruhe model. At the same time this case study analyses 

how attractive public transit plays a role in the measures to preserve and develop 

the importance of Heilbronn as a central city.13   

 

Finally in the last chapter I will give a rating according with the information 

presented in each case studies and the discussion through the subject. I will 

analyze under which conditions BRT or LRT should be implemented. Here, I will 

answer the research questions that I wrote before. In this regard, Dario Hidalgo 

argues in one of his papers: “The question that has been in discussion is about 

what kind of mass transit system must be used in the developed and developing 

cities around the world. There is no answer for that; it depends of the specific 

                                                 
12 Hofherr, Sebastian. (conversation by email) 
13 Ibíd... 
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conditions for each city. Its population, size and shape. It is not reasonable to think 

about metros for a city with low-density and low level of passengers. Cities must 

look for a system that integrates different technologies according to the needs of 

each case”.14 My research corroborates this assertion. Each city has a different 

behavior. In some cases the solution for a city could be BRT or LRT depending of 

the features described above. Cities must take care about what is the right 

investment, because if for example the population is not so high and the rates of 

growth does not change so much, metros could not be the right solution. Sure, 

some cheaper solutions exist. Money could be used in other needs the city had like 

health, education and housing. On the contrary, if the city that you are studying has 

shown a high growth of the population, ridership is also increasing you cannot think 

in only a policy like the busway- it could be a solution in the short run. This was the 

case of Bogota that in principle started with the busways as the solution for its 

transport problems (in the Caracas Avenue). As we were expected, it didn’t solve 

the problems that the city had. It was necessary to  adopt BRT with exclusive lanes 

and stations, high platforms, express buses, terminals, fare collection before 

entering the bus and other technologies like GPS-Global Positioning Systems that I 

will explain in more detail in the next chapters. All the analysis that will be showed 

in this chapter will have a support in the cases studies that are going to be studied. 

 

Other factor that is one of the most important in the planning process is the 

decision-making process. The transport projects need a good process that 
                                                 
14 Hidalgo, Dario (2004, page 2) 
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demands a solid and technical component. But the decisions are ultimately 

political.15 

 

As many people think, the decisions in the field of transport are not made with the 

results of the studies contracted like a demand modeling, costs and evaluation of 

projects. They are just political decisions. In the political fields, it is important to 

have in mind the concept of “common good or public interest”, that could be 

different for some politicians. One governor could think that LRT is the best 

solution because it is a tradition for its community and another could think that BRT 

is better because it serves the low-income population that has a long travel times 

and suffers almost all the problems of a deteriorated transport.16  

 

There is a criteria of comparison between these systems that I won’t take into the 

research. Mr. Hidalgo-the transport consultant that I mentioned above- told me that 

a fair comparison between BRT and LRT is better if we consider the same amount 

of riderships in both systems. This is not an easy task, Transmilenio in Bogota is 

moving around 40,000 passengers per hour per direction and one line of 

Strasbourg LRT moves about 100,000 passengers per day and for urban reasons 

the city doesn’t want to expand the capacity (by coupling two cars or shorter 

headways). Instead a tangential line is planned bypassing the city center. In this 

context the question would be how many passengers BRT would be able to move 
                                                 
15 Ardila, Arturo (2004,page 285) 
16 For more detail, please consult Vasconcellos, Urban Transport, Environment and Equity, 2001. 
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according to the conditions of Strasbourg.17 That is exactly the point. One of my 

purposes is to answer that question. Is BRT a model that can be used in many 

European cities? If yes, how it has to be implemented? The conditions should be 

different that we can see here. If not, why this cannot be implemented? Are the 

political reasons the most important factor? Or there are urban reasons that make 

European people to prefer LRT instead of BRT? As another option, economic or 

financial aspects play an important role in this decision? All these questions must 

be studied into the course of my thesis work. 

 

With the results found I hope to have a better knowledge of how these systems 

work and make a contribution to the transport consultants and people in general 

about the two main orientations to urban planning, one more favorable to rail-mass 

transit solutions and other favorable to bus rapid transit solutions.18 It has been a 

fight during many years ago. One group says that BRT is cheaper than LRT, that is 

more flexible and it is a new way of technology. On the other hand, advocates of 

LRT says that rail transit offers a more ad hoc comprehensive project analysis 

approach, more interest in long-run projects, more concern for shaping urban 

structure through transit, more faith in public sector organizations and a belief that 

unitary spinal elements for the public transport network are beneficial.19 This is 

going to be one of my principal tasks to establish which one of the groups has the 

                                                 
17 Hofherr, Sebastian (email, Jul y 7th,2005) 
18 Gakenheimer, Ralph (1990, page 1) 
19 Gakenheimer, Ralph (1990, page 1) 
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reason. With the information that I get and with the analysis of that I expect to  

acquire good results. 
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2. ANALYTICAL FRAMEWORK 

 

Bus Rapid Transit has been considered as an alternative of high speed transit for 

solving the traffic congestion problems.20 Many cities around the world especially in  

Latin America have been used this kind of system as a solution for solving the 

transport problem. On the other hand, in Europe LRT- Light Rail Transit is more 

used than BRT. There are many reasons to prefer one system or another. In this 

chapter, I will show some features of each one for beginning to understand why 

some cities would choose BRT or LRT. I will focus on three types of features: 

proper to the system, political aspects, investments cost, urban and economic 

reasons.  

 

Features of Bus Rapid Transit 

Some important features of BRT include the use of exclusive lanes for buses 

helping them pass congested traffic.21  Vehicles operate in their own right of way 

increasing speed and reducing travel time.22 This feature is the most important for 

the success of the BRT because long travel times and slow speeds cause a low 

level of satisfaction for customers, in this case the travelers. Buses receive an early 

or extensive green light at intersections that reduce travel time. 23 Another 

improvement is that BRT requires stations. These stations must be easily 

                                                 
20  General Accounting Office, US (2001, page 5) 
21 General Accounting Office, US (2001, page 9) 
22 Breakthrough T echnologies Institute, Washington D.C. ( 2004, page 2) 
23 General Accounting Office, US (2001, page 9) 
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accessible and may include facilities like parking, shops, bicycles and pedestrian 

access. Stations must have a passenger platform that enables passengers to 

board the vehicles without steps and reduces the travel time of the bus in the 

station.24 A standard distance between stations is around 500 meters but can 

range from 300 to 1000 meters, depending of the local circumstances. The design 

of the station must be done in order to handle the projected peak customer flows. 

This includes the number of bus stopping bays, peak frequency times and 

expected bus dwell times.25  One important feature that makes a BRT system save 

time in travels is the fare collection system. Fares must be collected before 

entering the platform. This collection could be made by using a single fare card or 

token system.26 The method used for fare collection has a significant impact on 

passenger flow times and impression to the customer. Having paid fares before 

entering the buses reduces the long delays that produce on-board payments.27 As  

an example we have the case of Goiania, Brazil where on-board fare collections 

creates delays and other problems.28 But the system was remodeled in 1999 with 

central high-levels platforms and using fare prepayment eliminating the problem of 

long delays.29 The most appropriate system is the use of smart cards- the latest 

advance in fare collection-. These cards contain an electronic chip that can read a 

lot of information like cash inputs, traveling information and system usage. They 

also collect a complete set of system statistics that can be helpful to system 
                                                 
24 Breakthrough Technol ogies Institute, Washi ngton D.C. (2004, page 2) 
25 Wright, Lloyd. (2003,page 14) 
26 Breakthrough Technol ogies Institute, Washi ngton D.C. (2004, page 2) 
27 Wright, Lloyd, GTZ (2003, page 16) 
28 Wright, Lloyd GTZ (2003, page 16)  
29 Menckhoff.  Gerhard (2005, page 3) 
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managers.30 But if the city does not have the required resources to implement that, 

a simple coin-based system can be used, avoiding the use of any paper tickets and 

eliminating the queues of people seeking to purchase fares.31 This is the case of 

the BRT implemented in Quito, Ecuador. See Figure 1, BRT in this city. 

Figure 1: BRT in Quito, Ecuador 

FOT O
INTE RIOR  TERM INA L

 

Source: Francisco Villena, EMSAT. Quito 

 

Intelligent transportation systems (ITS) are used to track vehicle locations, control 

traffic signals, update passengers on travel times, ensure better traffic flow and 

perform other functions.32 Additionally, this type of system helps to maintain more 

consistent distances between buses and inform passengers when the next bus is 

arriving.33 BRT is often seen as a way that buses can match the rail’s image of 

higher-quality service. A definition that has been used recently for BRT is “thinks 

                                                 
30 Wright, Lloyd GTZ (2003, page 16) 
31 Wright, Lloyd GTZ (2003, page 16) 
32 Breakthrough Technol ogies Institute, Washi ngton D.C. (2004, page 2) 
33 General Accounting Office, US (2001, page 9) 
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like rail but uses buses“.34 This sentence tries to say that as buses have not ever 

had a good image for people and politicians there is an innovative concept called 

bus rapid transit. Bus Rapid Transit has changed the way of thinking combining 

traffic signal priority, exclusive lanes, limited stops, stations, cleaner and quieter 

vehicles and has gained many followers throughout the world that have always felt 

that rail-based solutions are the only ones for finishing with congested traffic in 

many cities.  

 

Bus Rapid Transit is a form of sustainable transportation because it adequately 

addresses the three pillars of sustainability – economy, equity, and environment- 

by providing quality public transportation to the majority of people at low costs to 

the government and to the user.35 Economy: is a system that can be implemented 

with few resources and operation and maintenance costs can be covered by fares 

paid by passengers. Equity: in these buses people feel like equals- we can see the 

manager of a bank and the waitress riding the same mode of transport-. 36 

Environment: the emissions produced by these buses are less contaminant than 

produced by conventional buses. 

 

Features of Light Rail Transit 

LRT- Light Rail Transit is a mass rapid transit system that uses electric vehicles 

widely used in most countries in Europe because –as one of the reasons-, they are 

                                                 
34 www.busrapidtransit.net  
35 Hermann, Gabrielle (2005, page 30) 
36 Peñalosa, Enrique. (Conversation with him in Andes Uni versity) 
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more environmentally acceptable than busways systems.37 This system does not 

allow sharing road space with car traffic in any section of the road.38 LRT has 

exclusive right of way, what makes that system different to the traditional tram that 

many cities in Europe have followed. Trams serve within the city, whereas light rail 

is also used to connect the surrounding region, also the term “light rail” directly 

suggests the weight of the vehicles and in a wider sense the weight of the 

system.39  See figure 2 with LRT in Heilbronn, Germany. 

Figure  2: LRT in Heilbronn, Germany 

 

Source: Sebastian Hofherr 

 

The first line of this LRT used the first kilometres of the railway line from Karlsruhe 

to Heilbronn. This line from Karlsruhe to Bretten was opened in 1992. Following the 

enthusiasm of new light rail transit quality in the Karlsruhe area, the Heilbronn area 

                                                 
37 Fox, Halcrow (2000, page 60) 
38 Topp, Hartmut (2005, page 2) 
39 Topp, Hartmut (2005, page 2) 
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elaborated models for the future of public transport in and around the city. One of 

these models comprised an extensive light rail network connecting all existing used 

and closed railway routes by new tramway tracks in the central districts of 

Heilbronn. City and district councils decided on this model in 1994.   

 

Costs of the systems 

One of the aspects that politicians and planners have in mind to make a decision 

about what kind of mass transit system must implement is its costs. BRT systems 

generally have lower capital costs per mile than LRT systems.40 BRT costs from 1 

to 10 millions of dollars per kilometer to construct, while rail-based public transport 

cost anywhere from 55 to 100 millions of dollars per kilometer-.41 It is clear that for 

reasons according to capital cost is preferable to choose BRT instead of LRT. But 

cost is not the only factor that finally makes politicians decide which mass rapid 

transit a city must implement. Urban reasons like traditions and historic spaces in 

cities have become trams and rail-based as solutions to problems in Europe. The 

idea of seeing metros (elevated or underground) has unsuccessfully changed the 

way of thinking of many people. This group believes that a city will solve its traffic 

problems only building metros. Additionally, by the idea of progress and innovation 

they see the solution in this kind of mass rapid transit system. Figure 3 shows a 

graphic to illustrate the difference in capital cost for both systems- BRT and LRT.  

 

                                                 
40 General Accounting Office, US (2001, page 7) 
41 General Accounting Office  (2002a) 
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Figure 3: Capital costs for BRT and LRT
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Source: GAO, United States 

 

According to the research made by the General Accounting Office in the United 

States any of these systems show a clear advantage in operating costs.42 These 

consultants took the case of six cities in the United States and they found that in 

average BRT had lower operating costs than LRT. These studies also found that 

BRT systems in Bogotá and Curitiba in Brazil operate without subsidies, achieving 

100% or most cost recovery from fares.43 Rail-based systems do have an apparent 

operational cost advantage because these kinds of systems do not require a single 

driver in each car as does BRT. But in the case of developing countries where 

lower wages are common, these differences are not important and are largely 

overwhelmed by other components. 44  According to research made by Dario 

Hidalgo, there is an interesting aspect.  He compares some alternatives for public 

                                                 
42  General Accounting Office, US (2001, page 7) 
43 General Accounting Office, US (2001, pages  25- 27) 
44 Wright, Lloyd ,GTZ (2003, page 22) 
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transport, and found that in an hypothetical example of a corridor of 20 kms, and 

capacity of 35,000 passengers per hour per direction BRT was cheaper than LRT 

not only in the initial cost, it is cheaper too in the complete cycle of life of the 

project, what includes cost of operation and maintenance. The ratio of benefit to 

cost is higher in the case of BRT than in other cases. Net present value was 

higher, too.45   

 

Political aspects 

Another aspect that is also important for building the BRT system is that it takes a 

fraction of the time to build a kilometer of BRT than build a kilometer of LRT. It is 

clear where the political advantages lie.46 It is an usual case in most of our Latin  

American cities, where political periods for mayors are short. As the transport 

projects have become a good piece for showing the community how much the 

mayor has done, it is a priority for them to finish the project completely before the 

period in office has come to the end. Task that is not easy to complete in the case 

of Light Rail Transit or any solution based in rail systems. BRT takes approximately 

18 months or less and rail-based system can take considerably longer, often well 

over three years. Mayors who are elected for only three or four years can oversee 

a BRT project from start to finish. This creates a good political image that we can 

see in re-elections or the success of the politician’s careers.47 As I commented 

above, in the transport field planning and politicians are linked. The most critical 

                                                 
45 Hidalgo, Dario. ( 2004, page 4) 
46 Hermann, Gabrielle ( 2005, page 29) 
47 Wright, Lloyd, GTZ (2003, page 24) 
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decisions are not made, as many people think, by planners.48 Politicians ultimately 

decide which system a city must develop, without taking care- in some cases- that 

technically is not the right solution. 

 

Land use planning  

BRT must be integrated with the land use planning. Experiences around the world 

have shown that BRT can have land use benefits similar to those resulting from rail 

transit. BRT works well in urban areas with more than a million residents and a 

central area of employment of 75,000. 49  Cities in Latin America that have 

implemented this system have this population. Also, BRT is suitable in cities where 

downtown must attract its visitors from a wide, diffused area. BRT could provide 

adequate capacities to meet corridor demands in cities that do not have rail 

systems.50 That is exactly the case of Latin American cities where demands could 

be high entering to the downtowns of the cities where there is a large concentration 

of employments, universities, schools and business in general. These cities can 

meet these demands with BRT if there are not the resources to build a rail-based 

system that could achieve similar riderships and almost the same level of demand.  

 

Capacities for BRT and LRT 

Cities where BRT have been used like Bogotá, Sao Paulo and Porto Alegre move 

over 20,000 passengers per hour per direction during the peak hours. These flows 

                                                 
48 Ardila, Arturo (2004,page 285) 
49 Transit Cooperati ve Research Program, TCRP, Transportation Research Board (2001, page 16) 
50 Transit Cooperati ve Research Program, TCRP, Transportation Research Board (2001, page 23) 
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equal or exceed the number of LRT transit passengers carried per hour in most US 

and Canadian cities and approach metro volumes.51  For example, Bangkok’s 

Metro runs the busiest commercial areas of the city. It has a peak capacity of 

around 45,000 passengers per hour per direction.52 This capacity is comparable to  

Bogotá’s Transmilenio that is moving 38,000 passengers per hour per direction 

during the morning peak hour. Transmilenio moves a similar amount of passengers 

during its peak hour. According to that statement, decisions taken in most Latin 

American countries could be good.  

 

Traffic management  

If a city would like to develop a BRT there must be a traffic management planning 

task. It includes a balance between various users of the road system. Many cities 

that do not have the necessary planning control, co-ordination skills and a poorly 

planned and design scheme cannot accept the BRT as the right mass rapid transit 

option.53  Cities where BRTs have been implemented like Bogotá required an 

institutional change in the field of transport because there were many organizations 

that it was not clear who had the responsibilities of planning, manage and control 

the city in this sense. For that reason, in Bogotá there was an institutional 

enforcement with the creation of Transmilenio S.A. that is in charge of control, 

supervise and manage the BRT system. 

  

                                                 
51 Transit Cooperati ve Research Program, TCRP, Transportation Research Board (2001, page 13) 
52 Wright, Lloyd ,  GTZ (2003, page 22) 
53 Fox, Halcrow (2000,page 62) 
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Operation of the systems 

Another important feature for BRT systems is the operation. This system should be 

operated under an integrated fares regimes, passengers paying once only for a 

journey. 54 If the system does not work with integrated fares something like in 

Jakarta could happen. The BRT that serves the main corridors does not have a 

fare integrated of the feeder with the trunk buses. It causes that only 5,500 of the 

12,000 riders take these buses.55 LRT must be designed in a similar way, but in 

this case BRT could work as feeders or the traditional buses.   

 

A research made by General Accounting Office found that in five of six cities in the 

United States speeds for BRT were higher than LRT running the city on 

segregated bus lanes.56  Speeds achieved in cities like Curitiba and Bogotá range 

from 11 to 19 miles per hour, these speeds represent dramatic improvements over 

local bus speeds and are often faster than automobile speeds.57 Time savings 

resulting from these changes in speeds have become lower. It has been achieved 

by increasing the spacing between stops and providing up to 10 seconds of 

additional green time at signalized intersections using a signal priority system.58 To 

provide these speeds, it is necessary to have a BRT system that serves high 

corridors and has a limited number of stops. It means that the number of 

                                                 
54 Fox, H alcrow ( 2000,page 62) 
55 Hook, Walter (2000,page 214) 
56 Wright, Lloyd, GTZ (2003,page 28) 
57 Transit Cooperati ve Research Program, TCRP, Transportation Research Board (2001, page 31) 
58 Transit Cooperati ve Research Program, TCRP, Transportation Research Board (2001, page 31) 
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customers using each station is higher than in other public transport services.59 

Although the idea of having few stops limits the demand of the BRT system 

because people would have to spend so much time in order to arrive to  make 

transfers between stations by getting the express buses and having a better time 

saving. 

 

Security is other aspect that defines which system the mayor would choose. For 

example, in Quito (where I was looking for information, making interviews and 

riding the bus system) there are a lot of people that do not use the Trole bus 

system during the peak hours because the security is worsening. Besides, the 

capacity reaches high values and the level of service is E during these hours.   

 

Experiences around the world using BRT and LRT 

There are many experiences around the world where BRT has been used such as 

Australia and North America--not only in Latin America.  Let’s start with Curitiba, 

Brazil that is one of the best examples of integrated transport and urban planning. 

Public transport is managed by a public company, URBS and is operated by 

private companies under concession contracts. BRT works on 65 kilometers of 

busways along five main routes that are fed by 340 kilometers of feeder routes that 

concentrate passenger demand on strategically placed interchange terminals.60 

This city has been a source of inspiration for many Latin American cities. It has had 

                                                 
59 www.busrapidtransit.net  
60 Wright, Lloyd, GTZ (2003,page 10) 
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an evolution since the first busway in 1974 to a sophisticated BRT system, which is 

now fully integrated, with all bus services in the metropolitan area.61 One important 

goal is that although Curitiba has the highest car ownership in Brazil, it consumes 

less gasoline per capita than other Brazilian cities, in part because more people 

walk and/or use public transport.62  

 

 As I said above, one measure of success of a BRT or any kind of system is to get 

that people leave their cars at home and use the public transport or private like 

bicycles. I did not find any example like this for the case of LRT. Innovations like 

the introduction of express bus services, the famous tube stations along the 

busways which involve high-level boarding and fare prepayment and the use of 

specially designed bi-articulated buses capable of carrying 260 passengers each 

have improved the BRT working in Curitiba.63 In Goiania, Brazil the first busway 

was built in 1976. Then in 1999 was remodeled with central high-levels platforms 

and using fare prepayment with doors on the left side.64 Porto Alegre, Brazil started 

in 1977 and has been gradually expanded. The recent city administration intends 

to restructure the bus system applying some concepts of Bogotá’s Transmilenio 

system.65 The capital cost per kilometer is less than one million dollar.66 Sao Paulo, 

Brazil has a BRT that has initiated a major reform of the bus services focusing on a 

full fare integration of all buses in the city using contactless cards and 
                                                 
61 Menckhoff , Gerhard ( 2005,page 2) 
62 Menckhoff , Gerhard ( 2005,page 2) 
63 Menckhoff , Gerhard ( 2005,page 2) 
64 Menckhoff , Gerhard ( 2005,page 3) 
65 Menckhoff , Gerhard ( 2005,page 3) 
66 Wright Lloyd, GTZ (2003,page 10) 
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implementation of a new type of busway.67 Belo Horizonte, Brazil has about 6 

kilometers with a high peak-hour volume of 21,100 passengers per direction.68  

Recife, Brazil with 15,6 kms of median busways was the first place in Brazil testing 

a video camera enforcement system for the bus lanes, and was also pioneering the 

use of an Automatic Vehicle Identification system.69  Campinas, Brazil started 

operation in 1985 with a BRT that follows the trunk and feeder model.70 Feeder-

trunk services, sometimes also called “closed system”, whereby high-capacity 

buses operate only on trunk busways ending in terminals where passengers 

transfer to/from smaller feeder buses.71  

 

In Quito the first and best known is the Trole bus system which began operation in 

1995 and was extended in 2000. The second and third are “Ecovía” and “Central 

Norte” corridors, both served with Euro II Diesel buses.72 This city will be one of my 

cases studies with Bogotá and the information about the planning process, capital 

costs, political and urban aspects will be showed in a big extent. This task will be 

helpful to ask my research questions: Cost is the main reason to choose a mass 

rapid transit system? Political decisions are the main factor or maybe urban 

aspects? This is the next chapter of this thesis. 

 

                                                 
67 Menckhoff , Gerhard ( 2005,page 4) 
68 Menckhoff , Gerhard ( 2005,page 4) 
69 Menckhoff , Gerhard ( 2005,page 5) 
70 Menckhoff , Gerhard ( 2005,page 5) 
71 Menckhoff , Gerhard ( 2005,page 13) 
72 Menckhoff , Gerhard ( 2005,page 5) 
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Bogotá has proven that BRT is suitable even for the largest cities. It is serving 

600,000 passengers trips per day, but in 2015 when the full system is going to be 

completed, TM will serve five million passengers each day with 388 kilometers of 

busways.73 As I said above, this will be my second case study and the information 

will be presented later.   

 

León, Mexico with  26 kilometers has been operating since 2003, this system 

incorporates some features of Transmilenio, using articulated Diesel buses with 

Euro III technology and boarding left-hands doors. 74  Table 1 shows the main 

characteristics of BRT systems existing in Latin America: 

 

Table 1: Existing BRT and busway systems in Latin America 

City Metropolitan 

Population 

(M) 

Start of 

Operation 

Number of 

Busways 

Length of 

Busways 

(kms) 

Curitiba 3,1 1974 6 65 

Goiania 1,9 1976 2 35 

Porto Alegre 4,0 1977 8 27 

Sao Paulo 20,0 1979 8 142 

Belo Horizonte 5,4 1981 1 6 

Recife 3,7 1982 3 16 

                                                 
73 Wright, Lloyd, GTZ (2003,page 10) 
74 Menckhoff,  Gerhard (2005,page 7) 
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Campinas 2,6 1985 1 5 

Quito 1,6 1995 3 33 

Bogotá 8,1 2000 5 53 

León 1,4 2003 3 26 

 

Source: Gerhard Menckhoff 

 

Light Rail System has been adopted in some countries in Europe. But recently 

three milestones have been developed. In 1984, in Geneva, Switzerland, the first 

low-floor tram was introduced, followed two years later by the inauguration of the 

first low-floor system in Grenoble, France.75 In 1992, the first dual current system in 

the world shared railways tracks for light/tram services in Karlsruhe, Germany.76 In  

1994, the introduction of the first tram line in Strasbourg, France was part of an 

urban design offensive of the City. 77 The last one will be extended in the next 

chapter because is one of my case studies for LRT systems.  

 

There is other group of cities that are considering the implementation of BRT 

systems in Latin America. Curiously, some of them had LRT as one of the 

alternatives for solving their traffic problems. Lima, Perú built a light rail system that 

many people have qualified as the greatest tragedy in the history of Lima’s 

                                                 
75 Topp, Hartmut (2005,page 1) 
76 Topp, Hartmut (2005,page 1) 
77 Topp, Hartmut (2005,page 1) 
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transportation.78 It was built without first conducting a good origin-destination study. 

Lately, it does not matter so much because Curitiba did not make any origin-

destination study and the system works in good conditions. The unfortunate train is 

15 kilometers south of the city center in a  sprawled out neighborhood, just the 

place to not build a light rail because there is not enough density to capture high 

ridership.79 This shows us that in many cities in Latin America do not carry good 

modeling demand studies and feasibility studies in order to know if the ridership is 

going to be high and if the project has a good ratio benefit/cost.80 The municipality 

of Lima currently cannot afford to pay high operating subsidies for LRT, but there 

are plans to link the train with a new BRT system to extend its reach and generate 

paying passengers.81 This is an option when a mass rapid transit system as the 

LRT does not work. Being together with BRT maybe the results could change in a 

good way.  

 

In Medellin, Colombia the situation was not different. There were many technocrats 

that were not agree with developing a mass rapid transit system as the metro 

because ridership was not so high and the system was not cheap as many 

politicians made us to believe. There were two lies in this project, as many 

transport projects have: The first one is to put low costs and the second is to show 

bigger demands. As is the case of Lima, Medellin is planning a new BRT line that 

                                                 
78 Hermann, Gabrielle (2005,page 64) 
79 Hermann, Gabrielle (2005,page 64) 
80 Romero (2004) 
81 Hermann, Gabrielle (2005,page 65) 
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will complement the existing rail rapid transit lines.82 Cali, other city of the same 

country, is building a new BRT system instead of Light Rail System which had 

been considered for many years by the city, but which was eventually discarded 

because of resource constraints.83 Then, with this experience I think that besides 

political aspects- as the case of Lima and Medellin- costs limit considerably the 

idea of implementing a mass rapid transit system based in rail. And this situation 

was not only presented in Cali, but also in Quito where LRT was one of the biggest 

ideas to solve traffic problems.         

 

Other cities are going to develop new BRT systems. Mexico City expects to 

accommodate 250,000 passengers per day inspired by Bogotá experience 

achieving commercial speeds of 21 km/hr, a  substantial improvement compared to 

14 km/hr achieved by the bus services currently serving the corridor.84 Pereira, 

Colombia with its project called “Megabús” expects to start the operation before the 

end of 2005. Guayaquil, Ecuador has been delayed in implementing a bus system 

that consists of seven trunk lines, with an overall length of about 100 kms, 

expecting to start operations before the end of 2005.85 Santiago, Chile a project 

called “Transantiago” will keep many conventional features from Sao Paulo with 

street-level entry, doors on the right, and fare validation inside the buses. The 

                                                 
82 Menckhoff,  Gerhard (2005,page 10) 
83 Menckhoff , Gerhard ( 2005,page 10) 
84 Menckhoff , Gerhard ( 2005,page 8) 
85 Menckhoff , Gerhard ( 2005,page 9) 
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average cost of the busways is about 2,3 million dollars per kilometer.86 Cartagena, 

Barranquilla and Bucaramanga are also planning new BRT systems for finishing 

the transport problems. Guatemala City approved a financing for building a BRT of 

11 kilometers line connecting the southern part of the city with downtown expecting 

that the operation will start in 2007.87 Table 2 shows the main characteristics of 

BRT systems being implemented in Latin America: 

 

Table 2: BRT Systems Being Implemented in Latin America 

City and 

Country 

Metropolitan 

Population 

(M) 

Expected 

Start of BRT 

Operations 

Number of 

Busways 

Busway 

Length (km) 

México City 22,3 2005 1 20 

Pereira, 

Colombia 

0,7 2005 2 16 

Guayaquil, 

Ecuador 

2,2 2006 3 45 

Santiago, 

Chile 

5,3 2006 3 20 

Medellín, 

Colombia 

3,4 2006 1 13 

                                                 
86 Menckhoff , Gerhard ( 2005,page 9) 
87 Menckhoff , Gerhard ( 2005,page 11) 
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Lima, Perú 8,3 2007 2 32 

Cali, Colombia 2,6 2007 5 49 

Cartagena, 

Colombia 

1,1 2007 1 12 

Barranquilla, 

Colombia 

1,9 2007 1 13 

Bucaramanga, 

Colombia 

1,0 2007 1 8 

Guatemala 

City 

2,0 2007 1 11 

 

Source: Gerhard Menckhoff (2005, page 8) 

 

It is clear that some cities like México that have already built metros are looking for 

solutions to improve the accessibility of their citizens to the Central Business 

District, where a high proportion of the population work, study or do any daily 

activity. This situation is common in many places where the line of metro or LRT 

does not have an extensive area of influence making that many people that live in 

the outskirts could not access to the center of the cities in a short time, prevailing 

the problems that they always have had.  

 

Concluding this chapter the concept of BRT is radically different than LRT, the 

features and the reasons for each city to implement each of them could change. In 
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next chapter, according with information collected by Sebastian Hofherr and me, 

will show our cases studies in order to know in more detail the features of each 

system and the reasons that brought their governors to implement a specific kind 

of mass transit system. Two cities for the case of BRT- Quito and Bogotá and two 

cities for European cities- Heilbronn and Strasbourg will be our experiences of BRT 

and LRT around the world. 

 

 

 

 

 

 

 

 

 

 

 



COMPARISON BETWEEN BRT AND LRT                                       MIC 2006-II-25 

 35

3. CASES STUDIES 

3.1 LRT- STRASBOURG, FRANCE 

I Area Background 

Introduction 

Strasbourg is the capital of the Alsace region 

as well as of the Bas-Rhin department in the 

north-east of France. Situated in the Rhine 

valley, the city borders to Germany so that 

the French part of the Strasbourg area only 

reaches north, west and south of the city. 

Strasbourg itself has about 265,000 

inhabitants, it is part of a heavily built-up Urban Community of 27 communes and 

nearly 500,000 inhabitants. 

The core of the conurbation is very urban and industrial but it is situated in a rural 

area near the Vosges low mountain range.   

City structure 

Urbanism and street pattern 

The city of Strasbourg is like a picture book of West European architecture and 

urbanism. Despite some destructions in World War II in the city centre, the typical 

Alemannic old town on an island between several arms of the river remained until 

Paris 

Strasbourg 
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our days. It is characterised by half timbered houses and old churches along 

narrow winding streets. Some parts of the old town have romantic impressions 

because of the situation at the waterside. The most important building is the 

cathedral in Gothic style from the 13th century.  

In 1681 Strasbourg became a French town. In this era large parts of the city got a 

French Baroque appearance with large stone houses.88 In this time some parts of 

the city centre got new streets that have been more spacious than the medieval 

ways and representative areas.  

Having taken the city in 1871 the German government decided to boost the 

importance of Strasbourg as a German city. Thus, the “Neustadt” was built, a 

monumental quarter with broad streets axes and today’s Place de la République, 

as far as the Strasbourg Central station. In order to improve the hygienic conditions 

in the dense quarters of the Old Town some new streets were cut through the built-

up areas starting in 1912 (“La grande percée”) which were the basis for the modern 

street network and some tramway routes in the city centre. 89 Since World War 

One Strasbourg has been part of France again, interrupted by some years of 

German occupation in World War II.  

In the second half of the 20th century the city grew by the development of several 

multi-storey building areas. As in other European cities these quarters tend to be 

locations with many social problems.  

 

                                                 
88 www.strasbourg.fr   (Consulted on June 2005) 
89 IGERSHEIM, François; PINOL, Jean-Luc  (1996, pages 134-135) 
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Topography and natural restrictions 

Strasbourg is situated in the Upper Rhine valley, a  plain between the low mountain 

ranges of the Vosges and the Black Forest. The overall surface of the Urban 

Community is part of the flat land near the Rhine River.  

 

Present Traffic Situation in and around Strasbourg 

As written above Strasbourg preserved its large old city centre on the island. 

Although, some of the streets have been rebuilt in later times. Nowadays, the city 

centre consists of many narrow and winding streets. In the decades of car-oriented 

planning the authorities made every effort to use those small streets for increasing 

car use – a policy that do not favour pedestrians, cyclists and the tramways. 

Outside the island broad streets (boulevards) were built in the districts of the 

industrialisation era. These form the backbone of car transit in the 19th century’s 

city. Outside these central districts the density of building has been lower and the 

different districts have been developed less adjoining.  

 

Current situation of public transport in the Strasbourg area 

Railway 

Strasbourg is the centre of a dense railway network with both lines radially to the 

city and tangential lines. Most lines were not modernised for years. With the 

regionalisation of short distance rail transit in France it was started to convert the 
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old railway lines into modern suburban transport. The line to Haguenau, the trunk 

route of the lines to Wissembourg and Niederbronn-les-bains has just been 

completely modernised, the line to Lauterbourg will follow within the next years.90 

All lines stop at Strasbourg station. Moreover it is planned that new stops will be 

built at crossings with the new tramway network.  

Regional buses 

In France, today buses of the Réseau 67 (Network 67, 67 is the number of the 

Bas-Rhin department) serve this area.91 Most neighbouring towns and villages 

have direct connections to Place des Halles in the city centre, two of them have 

their terminus at tramway stops outside the city centre. The German parts today 

are strictly divided from the French network.  

City bus network  

With the development of the city there had been changes of lines and extensions 

of buses, but before the opening of the new tramway most bus lines largely still 

followed the old routes. With the opening of the new tramway lines, the number of 

radial bus lines to the city centre was reduced. Most lines from the districts and 

neighbouring towns villages now have their terminus at specially-built intermodal 

tramway stops.  

                                                 
90 FRAMENAU, Jörg, in Stadtver kehr issue (2001, pages 23-24) 
91 MULLER, Georges (2000, page 88) 
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With the work of the public transit, all tramway and bus lines of the city network can 

be used with a single ticket. Different to most German or Swiss city areas a joint 

tarification for a larger area (e. g. the département) does not exist until today.  

  

II Presentation of the LRT system 

Development of the Strasbourg LRT system 

Although the European Renaissance of Trams had not started with the opening of 

the Strasbourg tram, the system of this city became a symbol for modern European 

LRT.  

The preceding network of the 1900s followed the development of almost all French 

tramway systems. Until the 1930s there was a large network of 73 kms. city routes 

and 140 kms regional routes. Not having been modernised for years first lines were 

closed before World War II and the rest of the network until 1960.92 What were the 

consequences?  

One of the main consequences was the political disregarding of public transport. 

Second, the image of public transport was bad and only 11% of all motorised 

journeys were done by bus in 1988.93 So, the traffic policy of the year 2000 was 

headed: “Prenons nos déplacements en main... pour mieux respirer demain!” 

(Let’s take our mobility development in hand... for better breathing tomorrow!).  

                                                 
92 GRONECK, Christoph (2003, page 66) 
93 C.U.S. (Communauté Urbaine de Strasbourg, 1999, page 4) 
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Even in the 1970s it was planned to build a new rail-based transit system. 

Politicians started to propose their adequate mass rapid transit systems. In 1974 

the mayor Pierre Pflimlin promoted a tramway system; his successor Robert 

Rudloff approved a metro system. For both conceptions, the city administration 

started different planning processes.  

In the local elections of 1989 the discussion of the transit system was the main 

subject. With ideas for an extensive urban regeneration coming with the tramway 

project the supporters of the new LRT system with their candidate for Mayor 

Cathérine Trautmann won the elections. In December 1989 the city council voted 

for the tramway system. In France transit projects have to get the “déclaration 

d’utilité publique” (DUP), the confirmation of the benefits. The Strasbourg LRT got 

it in June 1991, the following months construction works started.94 

LRT characteristics 

Technical infrastructure 

In a first step the Strasbourg LRT was planned as a local tramway network. 

However, different to the former metre-gauge network the new lines got the typical 

European railway gauge of 1435 metres. This enables the future use of railway 

infrastructure.  

The tracks in Strasbourg show the wide range of possibilities to integrate tramway 

rails into different urban environments. Typical track coverings are grass, sand or 
                                                 
94 Ibíd. (page 67) 
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stone pavement. Strasbourg completely uses single wires. To avoid the aesthetic 

problems of poles the cables are fastened at buildings, if possible. Outside the city 

centre wires are supported by delicately designed poles.   

 

The LRT vehicles 

The Strasbourg LRT vehicle is known for its special design. Different to the typical 

more or less functional tramway cars in other cities the Strasbourg car was 

designed in futuristic round shapes. This city runs its lines with the low-floor 

adaptation of the French standard tramway car. During the years of operation 

some disadvantages of this car had been realised. So Strasbourg did not want to 

use this vehicle. Instead there was a team of engineers that worked out some 

features for a new tramway car on the basis of a completely low-floor vehicle with 

no steps or platforms inside the car and a modular construction with the possibility 

to extend capacity by integration additional sections.95
  

                                                                                  Figure 4: LRT vehicle in Strasbourg, France. 

Today there are 53 so called 

“Eurotram” tramway cars, 36 of them 

are Type II with 33 metres of length 

and 17 are Type III with 43 metres of 

                                                 
95 MULLER, Georges (1994, page 178) 
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length.96 For urban reasons there are only single vehicles running. 

Thanks to the modular construction it is possible to add some car sections later.  

Operating hours and headways 

Being a local means of transit the LRT lines run from the early morning to midnight. 

Because of the success of the LRT system and the conception of trunk lines the 

vehicles have very short headways. Tramways lines are running every six to eight 

minutes, on trunk line sections of two lines cars depart every two to four minutes. 

In the evenings and on Sundays the LRT lines run reduced offers with headways of 

10 to 15 minutes.  

Capacity and passenger amount 

The maximum capacity will be provided running as many type III cars as possible. 

Regarding the case that all departures of a trunk line (usual headway of 3 minutes) 

will be run with cars of 43 metres length, the maximum capacity with 4 passengers 

per m² will be 5,800 passengers per hour and direction. The absolute maximum 

calculating 6 passengers per m² is 7,400 pphpd. Running headways of 2 minutes 

makes the capacity of one trunk route climb up to 11,000 passengers. Headways 

of less than 2 minutes would technically be possible but are not acceptable for the 

central districts as well as the running of double-unit trains that will appear as a 

mobile wall.97 

 

                                                 
96GRONECK, Christoph (2003, page 77) 
 
97 GRONECK, Christoph (2003, page 74) 
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Investment costs98   

 Building costs 

The present stage of the network was realised step by step. Regarding the first 

section of line A, building costs were 1,527.7 million French Francs (€ 232.9 

million) in 1990. This corresponds to costs of € 24.0 million/km). This is equal to 

28.5 million dollars/km, with a rate of 1EUR=1.18779 USD, calculated in February 

17th, 2006.  

The building of lines B and C cost 1,050.3 million French Francs (€ 160.2 million) in 

1995. Costs per kilometre of these routes are € 13.5 million.  This is equal to 16.0 

million dollars/km.    

 

Vehicle costs 

The high design standards of the vehicles cause a high contribution to the 

investment costs. The realisation of the network required the purchase of 53 

tramway cars. For the lines A and D vehicle costs were 412.3 million French 

Francs (€ 62.9 million=74.7 million USD) and for the lines B and C 515.3 million 

Francs (€ 78.7 million=93.4 million USD).      

 

Regarding the lines B and C that completely follow the ideas of French tramways 

only using surface routes, investments costs including the vehicles were € 238.9 

                                                 
98 data taken from MULLER, Georges (1994, page 154; MULLER, Georges (2000, page 68) 
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million. This means comprehensive costs per kilometre of € 20.1 million or 23.8 

million USD. All these amounts were calculated with the rate described above. 

 

III Evaluation of the system 

Urban mobility plans 

The French LRT planning is very close to the overall transit development of the city 

area. The most important instrument is the urban mobility plan (Plan de 

Déplacements Urbains – PDU). With the elaboration of these plans the new transit 

system is part of a coordinated transit development. The main objectives of the 

PDU are the reduction of private car traffic and the development of public transport 

and more economic and less polluting modes of transport, such as bicycles and 

walking.99 

 

Urban conditions 

The Strasbourg LRT is almost completely running within built-up areas. That 

means that the tracks have to be integrated into the urban environment. During the 

second half of the 20th century Strasbourg was developed considering the 

demands of private car use. Consequently, large parts of public space were 

dedicated to the automobile. Even historic squares in the central districts were car 

                                                 
99 Articles 28 – 1 of the LOTI and Article 96 of the SRU, translation by the DTT / CERTU publication Urban Public Transport 
in France, see Directorate for land tr ansport; CERTU (ed. 2003)  
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parks and driving lanes dominated the appearance of the city streets. With the 

implementation of a high-quality transit system it is planned to give back an 

attractive face to the different parts of the city. Running from the city centre to the 

outskirts the lines pass through many different urban environments.  

 

The city centre is the heart of the city. Large parts of the historic buildings and 

streets remained until today. Therefore this part is a popular destination for tourists 

but also for the inhabitants. In this part of the city, public transit is more than a 

means of transport; it has to be part of the city architecture and – ideally – a sight 

itself.  

 

Passenger demands 

The high availability of transit services in this city makes possible to use tramways 

and buses for almost all journeys. Often it is even possible to live without your own 

car. Some people do not have the money to buy a car or others do not want to 

drive a car because public transit and bicycles can be used as well. The number of 

cars per 1.000 inhabitants in French and German cities is about 400 in urban areas 

and 500 to 600 in rural areas. But also in larger cities like Strasbourg, students and 

commuter transit are the main pillars of public transit. In spite of some workplace 

areas and schools in the outskirts, many journeys have their destination in the city 

centre. Moreover the LRT system is aimed to overtake private car journeys within 

the central districts. Therefore large parts of the commuters from the area use the 
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LRT lines as well. Consequently the utilisation of the network is changeable. Some 

days, commuters leave their cars at home and use LRT because they do not want 

to suffer congestion at peak hours. On Saturdays, people go to shop, fashion 

boutiques and others and use LRT to avoid the same congestion. 

Aims of the Strasbourg LRT 

Since the 1970s there have been many discussions about a new transport system 

with separated routes. It also was possible to build a metro system or a modern 

bus system.  

 

Muller100 listed some reasons for the rejection of a BRT system: the capacity of the 

buses, pollution and noise caused by the diesel motors and the bad image of the 

buses particularly regarding the intentions to get new passengers. This a 

subjective point because capacity of buses could be the same or higher to the 

LRT, and pollution and noise caused by buses is sometimes lower than caused by 

LRT, keeping in mind that buses use Euro IV technology. 

 

LRT offers a real alternative to the private car use, to protect the attractivity of the 

city area and to strengthen the social coherence.101 Because of the presence of 

many different cultures in these quarters, social problems and violence are 

present. The authorities try to  develop identity in these quarters by improving the 

                                                 
100 MULLER, Georges (1994, page 149) 
101 C.U.S. (Communauté Urbaine de Strasbourg, ed. 1999, page 17) 
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design quality of the infrastructure and putting additional police that help to reduce 

the crimes.  

LRT is the main means of transport. Buses are feeder lines or run on tangential 

routes but not a rival of the LRT lines. The railways represent an attractive service 

for the region connected to the city network at several intermodal stops or by direct 

Tram Trains. Even the private car is a partner of the LRT. While in the central 

areas opened up by the tramway cars have been restrained, park-and-ride facilities 

outside the city centre catch car traffic from distant areas.  
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3.2 BRT- QUITO, ECUADOR 

 
 

I. Introduction 
 
Quito is the capital of Ecuador, a city of about 1.5 million inhabitants. This city is 

located at an altitude of 2.800 meters in a narrow valley. The mountainous 

topography has constrained the city to grow in a linear form approximately 30 

kilometers in length and 3 to 5 kilometers in width.102 Quito is a disperse city, 

with relatively low density and a big concentration of the activities located in the 

downtown.103 As many developing cities, Quito suffered in the 1990 ś many 

transport problems such as long travel times, congestion, pollution and 

institutional weakness. Ecuador is a relatively poor country that has been 

struggling with low to negative economic growth for the past decade. It was 

estimated in 2003 that 65% of the population was living below the poverty line. 

Despite large financial setbacks, Quito has achieved to develop a BRT system, 

which includes Trole, the Ecovía and Central Norte corridors.104 In this chapter, 

I will tell the story of the development of this system, including technical 

aspects, cost of the system, political aspects and finally what BRT has achieved 

in Quito. 

 

 

 

                                                 
102 Quito, Ecuador. Brief : Trolebús busway system. ( 2004, page 1) 
103 Plan M aestro de Transporte para el Distrito M etropolitano de Quito. (2003, page 4) 
104 Hermann, Gabrielle. (2005, page 43) 
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II.   Development of the Trolebus System—Trole  

In 1995, during Jamil Mahuad ś tenure as mayor, the state ordered to remove 

from service vehicles with ages higher than 20 years, for replacing them with 

less-contaminant vehicles, providing more access to peripheries and delivering 

higher capacity.105 Mahuad wanted to develop a new transport system in the 

city, but he didn’t have a clear idea about what technology must be used. Then, 

Mahuad contracted César Arias, a transport consultant for making a benefit-

cost analysis about the different alternatives to reform the transport in the city. 

As a result of this activity, Arias found that the ratio106 obtained in the case of 

the Trole, the BRT system, was higher than for heavy metro and light rail 

transit. But the decision wasn’t made by the mayor immediately, Arias was 

trying to convince Mahuad that Trole was the technology Quito needed. 

 

As one of the arguments Arias used, he told Mahuad that Trole was a BRT 

system that runs on electricity, different from regular buses that run with diesel. 

Arias wanted to use trolley buses instead of regular buses because in his 

estimates he found that trolley buses were only slightly more expensive than 

regular buses, and thus could be justified on the basis of environmental 

benefits. Additionally, the decision to use electric buses on the trunk corridor 

                                                 
105 Conversation with Katyana Rojas , Dirección Metropolitana de Transporte y Vialidad. Quito, October, 2005. 
106 Ratio defined as the relation between benefit/cost. 
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was that electricity was cheap and the use of diesel was dependent to the 

fluctuations experienced in world petroleum markets.107 

 

Mahuad was convinced of using Trole by Arias. Arias planned to get financial 

aid from Spain’s Government, and got loans for articulated buses assembled in 

Spain and Germany with a total capacity of 160 passengers.108 The plan was to  

have Trole buses publicly owned and operated. This plan was rejected by the 

private operators and caused that they wanted to participate in the operation 

process for Trole buses. Arias talked to private operators. He told them they 

could get the right to operate the corridors and feeder routes in the future. But 

the decision to be publicly owned and operated was already made because the 

dealings with the government to get a private participation failed. The 

transportistas remained determined not give up their routes, despite 

reassurances that the Trolebus route would go into concession once the 

system was running. The bus operators and drivers staged a weeklong strike to 

try to prevent the unveiling of the Trolebus. Mayor Mahuad called military forces 

to end the strike. Finally, citizens supported the government’s actions and the 

strike ended.109 Traditional transports were withdrawn by the government from 

the 10th August Avenue and the state paid compensation as a consequence for 

losing their jobs.110  

 
                                                 
107 Hermann, Gabrielle. (2005, page 45) 
108 Conversation with Katyana Rojas, Dirección Metr opolitana de Transporte y Vi alidad. Quito, October, 2005.  
109 Ibíd…(page 50) 
110 Hermann, Gabrielle. (2005, page 45) 
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Despite all these difficulties the Trole, Mahuad’s administration made the 

decision to develop a corridor that could change the conditions bus riders were 

experiencing at that moment. Trole improved the transport conditions in the city 

with less contamination for the environment, more access to the outskirts of the 

city and better capacity.  

 

Mahuad, the Quito’s mayor gained much popularity associated with the creation 

of the Trolebus. This popularity got him elected as President. Since Trolebus 

was the main achievement of his administration, many say that building 

Trolebus helped him clinch the victory in the presidential election.111 It means 

that the creation of the Trolebus system is not the result of a rational process- 

as we can think with the evaluation made by Arias that chose Trole because of 

getting a higher benefit-cost relation than heavy rail or light rail transit-, it could 

be the result of political interests. 

 

With the Trole implementation, three institutions were born. The first one is 

“Dirección Metropolitana de Transporte y Vialidad - DMT” which is responsible 

for planning, developing transport policies and coordinating the Master 

Transportation Plan. The second one is “Unidad Operativa del Sistema 

Trólebus - UOST” which is in charge of Directing, Operating and Maintening the 

system. The last one is “Empresa Metropolitana de Servicios y Administración 

de Transporte - EMSAT” that controls the whole system, including operation 
                                                 
111 Hermann, Gabrielle. (2005, page 45) 
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and maintenance. These institutions develop and implement the structure of the 

routes and fares, new systems to control the transport service and establish a 

real cooperation between the agencies112  

 

III. Technical aspects of the Trole 

Quito Trolebus is part of a trunk-and-feeder bus system. Trunk line services are 

provided by Trolebuses operating on a busway that is mainly segregated from 

other traffic. The route has terminals at both ends where feeder bus lines 

converge to serve the Trolebus.113 Trolebuses work with electricity providing a 

less environmental and acoustic impact in the corridors they serve. The 

extension in the first stage of the Trolebus system is 24.3 kilometers extending 

from the south to the north. The initial fleet was 54 trolleybuses, with a capacity 

of 160 passengers per bus. The second stage of Trole, includes 5 kilometers 

more, with the idea of building 6 additional kilometers at the end of the 2006. 

Currently, ridership is arriving to 10.000 to 11.000 passengers per hour per 

direction during the peak hours. Trole is moving  240,000 passengers per 

day.114 This figure shows the typical trolley bus.  

 

 

 

 

                                                 
112 Plan Maes tro de Transporte para el Distrito Metropolitano de Quito. (2003, page 17) 
113 Quito, Ecuador. Brief: Trolebús  busway system. (2004, page 1) 
114 Conversation with R ubén Lozano, Unidad Oper ati va del Sistema Trol ebús , Octubre de 2005 
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Figure 5. Trolleybus arriving to the South Terminal. 

 

Source: Photograph taken by the author. 

 

In other corridors, Quito has implemented a BRT that works with Diesel motors 

and are different from trolleybuses. The Ecovía and Central Norte corridors 

have buses similar to that have been used in Bogotá, Colombia, in the system 

called Transmilenio. These buses work with diesel and have a capacity of 160 

passengers. 

 

The access to the buses is made at stations with fare collection before boarding 

the bus (preboard).115 These buses are not operated by the state. They are 

operated by private concessions. The idea of having buses operated by private 

                                                 
115 Conversation with Enrique Moral es, EMSAT, Octubre de 2005. 
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concessions was born in May 2000. Ecovía and Central Norte have average 

stop spacing at about 600 meters, in the case of the Trolebuses this distance is 

about 500 meters approximately.  

Central Norte corridor has reached a ridership of 14.000 passengers per hour 

per direction during the peak hours. The fare collection is made through cash 

that is controlled by the municipality and a “trust fund or fiduciary fund”, that is 

in charge of distributing the earnings proceeds between the operators.116 As the 

trolleybuses, Ecovía has terminals where feeder buses arrive and people can 

take the trunk buses. Next figure shows the terminal for Ecovía buses. 

 

Figure 6. Terminal for Ecovía buses. 

 

Source: Photograph taken by the author. 

 

                                                 
116 Ibíd.. 
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Fares are integrated. Passengers pay a fare on entry to the feeder buses, at 

main terminals, or at intermediate stops along the trunk line busway. After the 

initial payment, the system is closed, and passengers can transfer from bus to 

bus within the system without further payment. The service efficiency increases 

when the fare collection is before boarding the bus, reducing the dwell times 

and delays; when fare collection is made on board, dwell times increase and 

the service efficiency is lower.117 In the next figure, we can see the station, the 

place where fares are paid and passengers arrive to the buses. 

 

Figure 7. Station of the Ecovía System. 

 

Source: Photograph taken by the author. 

 

                                                 
117 Quito, Ecuador. Brief : Trolebús busway system. ( 2004, page 2) 
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IV. Cost of the system 

The cost for the Trole in the first stage was 70 million dollars, which includes 51 

million of dollars for the buses. These buses were bought with the financial aid 

of the Spanish Government, and the remaining 19 million of dollars represent 

civil works, pavement, electric works and all the additional works the city did.  It 

means an amount of 3 million of dollars approximately per kilometer (24.3 kms. 

in the first stage). The second stage had a cost of 25 millions of dollars, which 

represents an amount of 5 millions of dollars per kilometer.118  

 

V. The Future: buses vs. rail   

Trole has many failures. The mayor Paco Moncayo wants to change the 

transport in the city in a radical way to eliminate the failures that the system 

has. Currently, the mayor Paco Moncayo is thinking about the possibility of 

implementing a rail-based system in the corridors served by the Trolebuses. He 

published an advertising in the newspaper “El Comercio”, where he says: ”La 

Empresa de Desarrollo Urbano de Quito, convoca a personas naturales o 

jurídicas, nacionales o extranjeras, a presentar sus expresiones de interés para 

participar en un proceso de calificación, selección, negociación y contratación 

de la concesión para elaborar los estudios y diseños, construir, equipar y 

operar un Nuevo Sistema de Transporte Masivo de Pasajeros, el Tren Rápido 

de Quito, en adelante denominado Traq, que deberá recorrer las actuales 

calles y avenidas por las que transita el trolebús o por las que se requieran 
                                                 
118 Conversation with Rubén Lozano, Unidad Operativa del Sistema Trolebús, Octubre de 2005. Val ues i n Oct 5,2005. 
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destinarlas o construirlas para este ob jeto, pudiendo construirse techos 

elevados o túneles, siempre que no afecten al paisaje urbano ni alteren las 

particulares condiciones del Centro Histórico de Quito.”119 It suggests that a  

rail-based system could be a solution for transport problems. But it is important 

to mention that BRT based in buses like Transmilenio, Ecovía and Central 

Norte could be another solution for the corridors served by the Trolebuses. 

Another important point is that the Mayor of Quito is always competing against 

the Mayor of Guayaquil. And, until the time of this writing, Guayaquil is thinking 

about implementing a rail-based system that could represent an advantage in 

terms of having a transport system more sophisticated than Quito has.120  

 

VI. Achievements of the Quito BRT  

BRT has achieved good results in terms of economy. People can travel through 

the city with only 25 cents of USD dollars. It includes the whole service, feeder 

and trunk bus.121 The system is auto-sustainable, the fare covers operation and 

maintenance costs.122 One of the most important points to be clear is that 

people have witnessed numerous changes in their ways of experiencing public 

transport.  

 

The case of Quito illustrates how a city could change in many aspects – even 

though the problems of the transport system- Lower travel times, congestion 
                                                 
119 El Comercio, Newspaper. Sunday 25th September, 2005. Section A8. 
120 Conversation with Enrique Morales , EMSAT , October de 2005. 
121 Conversation with Katyana Rojas, Dirección Metr opolitana de Transporte y Vi alidad. Quito, Octubre de 2005. 
122 Conversation with Rubén Lozano, Unidad Operativa del Sistema Trolebús, Octubre de 2005 
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and emissions accompanied of a social change. Social change, because the 

system was created to favor people with the lowest incomes that live in the 

peripheries and do not have enough money to pay transfers or double-triple 

tickets.123  

 

Nowadays, Quito has been recognized as one of the Latin American cities-part 

of the developing world- that achieved good results in terms of operation and 

maintenance of a system like BRT, with a low-cost and reliability.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 
                                                 
123 Ibíd… 
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3.3 HEILBRONN, GERMANY 

I.  Introduction  

The city of Heilbronn is situated in the south of 

Germany in the Federal State of Baden-

Württemberg. Heilbronn is a small city district of 

about 120,000 inhabitants124. 

Heilbronn is located between the larger conurbations 

of Stuttgart (2,5 million inh), Rhein-Neckar (1,5 million 

inh) and Karlsruhe(1,0 million inh.).  

 

Since the Middle Ages Heilbronn has been an influent trading city. The city could 

preserve its typical dense medieval structure over centuries. The bombs of World 

War II completely destroyed the city centre but post-war reconstruction has 

preserved large parts of the old street pattern, which is characterised by some 

historic squares and a dense network of narrow streets. In the 20th century 

Heilbronn grew both by the development of new building areas outside the railway 

ring and by the incorporation of adjoining villages. Today the city has a heterogenic 

structure with a compact central area and a handful village districts.  

 

For some years there is a process of the improvement of urban quality and city 

image. Because of the destruction of the historic city centre, Heilbronn lost a large 

                                                 
124 Statistisches Landesamt Baden- Württemberg, December 2004, www.statisti k.baden-wuerttemberg.de 
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part of its identity. Car oriented planning additionally caused many situations that 

have been unattractive for staying and strolling. In order to improve the city centre 

as an area for shopping, culture and services the city administration initiated the 

“Gestaltungsoffensive Innenstadt,” an extensive concept for creating new urban 

quality. It is planned to develop empty sites, to reuse abandoned quarters of 

industry and railway, to improve street quality and to integrate the Neckar river into 

the city design. Additionally, LRT has been planned in the city to keep the urban 

quality and maintaining the city image. 

 

Today more than 50% of the workplaces are in service trades.125  Despite of 

modern trading estates in other parts of the region the city of Heilbronn is the most 

important location for workplaces: 20% of all jobs in the Heilbronn-Franken region 

are in Heilbronn, but only 14% of the region’s inhabitants lives there.126 This  

situation causes a high number of commuting into the city. Most commuters come 

from the area district of Heilbronn followed by some towns and villages of adjoining 

area districts.127 The city is a regional centre of education as well. Besides a 

University of Applied Sciences, the city offers a large number of secondary schools 

and technical colleges. As a consequence, there is a high number of students 

commuting from outside.  

 

                                                 
125

 KÖHL, Wer ner W.; JESSEN, Johann (ed. 2002), p. 26  

126 Ibíd....Page 26 
127 Ibíd..Page 27-28 
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Regional buses 

The area district of Heilbronn has a comparably good regional bus system 

operated by several bus companies. These buses are publicly owned. Many lines 

have regular timetables similar to the railway lines. However, sharing streets and 

roads with other vehicles, buses have long travel times and suffer from traffic 

congestion. With the improvement of the railway services the purpose of the 

regional buses changed. Most lines will be feeder lines to the railway and future 

LRT lines to connect villages without railway stop to the reliable LRT network.128 In  

order to reduce travelling times fast bus lines have been implemented if railway 

transit was not an alternative. However these lines are also running in mixed traffic. 

In this chapter I will describe the LRT system that has been developed in 

Heilbronn, Germany emphasizing how the system was born, technical aspects, 

cost of the system, urban and political conditions and things that LRT in Heilbronn 

has achieved. 

 

II. Development of the LRT system 

As in many other European cities it is not for the first time that tramway cars are 

running on the streets. Although being a city not until 1970 a first metre-gauge line 

had been built to connect the city centre with the distant main station. Other routes 

followed to open up further districts. Despite of devastating damages, the network 

                                                 

128 Stadtwerke H eilbronn (ed. 2000), issue No. 2, May  18th 2000, available at www.stadtbahn-heilbronn.de (March 2005)  
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was reconstructed after World War II. But it was only some years later that the 

ideas of a car oriented policy lead to the closure of all routes. By the way, the last 

line largely corresponded to the new one between the main station and the 

Trappensee recreation area via city centre and the heavily built-up area of the 

“Oststadt”.129  

In 1992 the first line of Karlsruhe’s Tram Trains was opened in the first kilometres 

of the railway line from Karlsruhe to Heilbronn. Following the enthusiasm of new 

light rail transit quality in the Karlsruhe area, the Heilbronn area elaborated models 

for the future of public transport in and around the city. One of these models 

comprised an extensive light rail network connecting all existing used and closed 

railway routes by new tramway tracks in the central districts of Heilbronn. City and 

district councils decided on this model in 1994.  All persons involved decided to 

expand the light rail transit to Heilbronn and to realise the plans of an own LRT 

network serving the Heilbronn area.  

 

Building new Tram Train networks is difficult because private car use changed 

many land-use structures. Most railway routes date from 1850 to 1900 and are 

often built for freight traffic. On the other hand LRT needs high passenger numbers 

(ridership) to be economical. A blind application of a regional LRT system on an 

existing railway network hence risks not to be successful.130 For this reason there 

                                                 
129 www.stadtbahn-heilbr onn.de (June 2005) 
130 HASS-KLAU, Carmen, conversati on on M ay 19th 2005 in Wuppertal 
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had been cost-benefit analyses for all planned LRT routes. As the Heilbronn area 

shows a land use structure that is largely oriented to the valleys that are opened up 

by the railway lines, almost all routes got a positive result – a good relation 

between cost and benefits that made the LRT a profitable system. 

 

Following the ideas of Tram Train LRT, the Heilbronn network is not a typical 

tramway network. Thanks to a dense settlement structure in the valleys the LRT 

lines can be used as regional trunk lines that by and large serve all larger towns 

and villages of the area. Feeder bus lines connect the other towns and villages to 

the LRT network. Additionally there are park-and-ride areas at many LRT stops. 

With this structure, LRT was born in Heilbronn to serve the passengers demands in 

the area.  

III. Technical aspects of LRT 

Because of the objective of the Karlsruhe model is to use regular railway 

infrastructure, the implementation of Tram Train LRT means no changes of the 

railway infrastructure that will restrict the functionality for railway operation. 

Consequently the Heilbronn LRT lines predominantly run on typical railway tracks. 

Even passing through built-up areas and within station areas the route is 

characterised by the previous railway infrastructure with ballast tracks and railway 

power supply. At crossroads priority facilities reduce delays at traffic lights. 
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Following the example of Karlsruhe’s Tram Train LRT the operation of the 

Heilbronn network means electrical running on the whole network. For safety 

reasons there is a strict separation between railway and tramway sections. With 

the running of Karlsruhe’s LRT cars, the network of Heilbronn profited from a 

successful and reliable vehicle right from the beginning. While in some other new 

networks newly-developed cars had teething troubles, Heilbronn started with a 

popular vehicle that is the symbol for successful Tram Train LRT. With its special 

equipment, they represent more than a tramway that is aimed to move as many 

passengers as possible at peak hours.  

 

However the car is quite expensive at the meantime. Consequently the 

development of a cheaper car is one of the present tasks to reduce the cost factors 

of the LRT system.131 In one of the next paragraphs, the cost of the system is  

going to be explain in detail. 

 

Stops 

Because of the use of Karlsruhe’s LRT car it is not possible to run with low-floor 

technology. The so-called medium-floor access requires the building of platforms 

with an elevation of 55 cm. Depending on the stop environment and the previous 

station; situation platforms are located either as a central access between the 

tracks or as two side platforms besides the track area.  
                                                 
131 BERK, Andreas, conversati on on September 28th 2005 
 



COMPARISON BETWEEN BRT AND LRT                                       MIC 2006-II-25 

 65

 

Along the tramway sections platforms have a length of 75 m, suitable for a double-

car vehicle. Stops at the railway sections in general have a length of 120 m for a 

triple-car vehicle. At railway junctions platforms are together used by trains and the 

LRT cars.  Within the city centre stops follow each other in typical tramway 

distances of about 400m. On the railway sections the density of stops depends on 

the building density and the technical feasibility of new stops outside the traditional 

station areas.  

 

All stops have a high standard of passenger information. Besides the provision of 

timetable information showcases are equipped with a network map, fare tables and 

operational information (e. g. additional journeys, constructions). At the most 

important stops in the city centre displays inform the passengers about the real 

departure time.   

 

 

Operating hours and headways 

The LRT line starts running at 5:00 am and last trains leave Heilbronn at 1:00 am 

the next day. As written above, the Heilbronn LRT is not a local transit system but 

optimises suburban and regional train services. Consequently the headways will 

not reach the level of a tramway with departures every 5 to 10 minutes. Evolved 

from the service principles of Karlsruhe where city LRT runs every 10 minutes and 
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regional LRT every 20 to 30 minutes the system of Heilbronn is operated as 

regional LRT. 

 

Capacity and passenger amount 

In Germany the figure of the maximum capacity is largely hypothetical. To see 

public transit as an alternative to private car use, passengers expect a free seat at 

least travelling more than a few minutes. Vehicles must not look overcrowded so 

the number of seats will be a more important figure than the maximum capacity. 

The present timetable offers 600 + 200 seats running double cars. Regarding the 

fact that 800 passengers was the daily amount per direction of the previous 

regional railway line, the demand of those capacities at least at peak hours stands 

for a good utilisation132. 

 

 

 

IV. Costs of the system LRT  

Building costs: 

Because of the different infrastructure, the investment costs have a range from less 

than 1.27 USD million per km (railway section without track modernisation) to 22.3 

USD million per km (tramway section Main Station – Harmonie). In 2005 the 

                                                 
132 Deutsche Bahn AG: inquir y of the passenger amount of  the railway line Eppingen – H eilbronn in 1994  
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provided average investment costs for the realised and planned lines are 3.06 USD 

million per kilometre.133    

 

Vehicle costs:  

The first phases (line S4) require 19 vehicles for 54.6 km. The projected network 

(140.0 km) will need 39 cars, including 3 units as operation and workshop 

reserves. 

At present the dual-mode vehicle type Karlsruhe costs 3.7 USD million per single 

unit. Consequently line S4 has vehicle costs of 70.2 USD million (without 

reserves). In view of future lines a new dual-mode car is going to be developed 

with the aim to reduce the vehicle costs.   

 

V.  Evaluation of the system 

Geographical and land use conditions 

Heilbronn represents one of many small central cities in Germany counting about 

100,000 inhabitants. In the years after World War II almost all small cities decided 

to close down their local tramway networks – the same way did Heilbronn. Cities 

centres were destroyed and the infrastructure required to develop the LRT systems 

was not available. 

At the end of the 19th century the tramway lines helped to make Heilbronn the city it 

is today. The main purpose of the tramway network was to connect adjoining 
                                                 
133 Conversion of rates made in M ay 10th, 2006 
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villages to the city of Heilbronn during the growth of the city area. Today these 

villages are part of the city and public transit to Böckingen, Frankenbach or 

Neckargartach will be seen as local services. Although some networks in small 

cities prove, that LRT for 100,000 inhabitants can be successful, the reconstruction 

of the local network possibly would reach the limits of economy because of 

comparably low population densities. 

However the city area is still dynamic and land use development has increasingly 

crossed the boundaries of the present city of Heilbronn. Similar to the development 

of the 19th century this offers the possibility for a new transit oriented development.  

The Heilbronn area offers almost ideal conditions for improving suburban transit 

and the development of transit oriented land use. All larger towns and villages are 

located along the valleys and therefore near the railway lines.  

Urban conditions 

The Heilbronn city area is not a  dense conurbation but a group of small towns and 

villages. Even the city itself has largely kept the polycentric structure of the city 

centre and the formerly independent villages. So the new LRT network is an 

interurban system with several country sections. This enables the LRT cars to 

make use of their maximum speed between towns and villages but reduces the 

catchment area per kilometre.  

Along the railway lines the LRT runs in a typical railway environment. A mostly 

double track route passes through built-up areas tangential to the old centres. 

Since the opening of the railway lines the built-up area grow and the old stations 

only open up a small part of the present town or village. As a consequence of the 
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increasing neglect of railways the urban situation of the station area declined. 

Empty freight installations and reduced passenger services often made the stations 

being messy areas. However the stations often represent the only urban relation 

between the railway lines and the built-up area. Enhancing the quality and the 

image of rail-guided transit urgently requires the improvement of the urban 

integration at least of the station areas into the townscapes.   

Before the building of the first LRT line most streets, even in the city centre had a 

very bad appearance due to years of car-oriented planning. As a consequence of 

the unattractiveness of the streets, the quality of the environment declined and 

most central areas had a run-down face. This offers a great chance for public 

transit to enter into close relations to land use and street design projects in the 

central districts.  

 

VI. Political conditions 

In spite of the centralised order of short-distance railway services local politicians 

play a central role in particular regarding the decision of the system. Although the 

LRT system largely runs on railway tracks the implementation is accompanied by a 

comprehensive modernisation process. This guarantees reliable running but is also 

aimed to attract more passengers. As the investment works mostly are 

indispensable for the opening of the LRT lines the implementation requires the 

agreement of local politicians to do the first step. Regarding present Tram Train 
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projects in Germany there are many ideas and plans but many of them still are 

object of political discussion134 or already rejected by the decision-makers.135   

Fortunately the Heilbronn LRT was supported by the politicians in the city. Because 

of the many positive effects of a LRT system (Karlsruhe brought the examples for 

successful LRT lines just to the doors of the town halls) the project met agreement 

and committed political cooperation. But as the LRT Heilbronn has a service area 

that consists in a high number of independent municipalities, LRT must have a 

political and financial support of all the stakeholders for the project. Then, all these 

municipalities were agree with the LRT.136  

 

Thus the implementation of this kind of LRT means a high extent of coordination 

and agreement. In the case of Heilbronn the LRT has had to deal with the following 

situation: 

- Regional buses had often been implemented to replace closed railway lines or 

trains outside the peak hours. So some bus routes followed the train lines serving 

the dense corridors. Consequently running LRT means a loss of profitable bus 

lines.  

- Since the closure of the tramway network the department of public works has 

developed the city bus network towards a largely optimised system based on 

                                                 
134 GÖBEL, Stefan (2005), p. 27 
135 135 BURMEISTER, Jürgen (2005c),  p. 50 
136 RENELT, Claus-Jürgen (2003),  p. 93 
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regular timetables and coordinated departures that guarantee good conditions for 

changing buses in the city centre.        

 

The successful realisation of Tram Train LRT requires a high extent of coordination 

and the awareness of a difficult implementation process. Sometimes the necessity 

of cooperation creates some troubles. One of the largest problems is the use of the 

infrastructure. Different to other transit systems the infrastructure is specially 

developed for LRT only for some kilometres. On the railway sections the LRT cars 

have to be integrated into the possibilities and demands of a railway network.  

   

VII. Achievements of the Heilbronn LRT system 

The LRT developed in Heilbronn created connections between regional railway 

lines and the city centre without changing trains and buses using the existing 

railway infrastructure. The LRT is the driving-force of a far-reaching process of city 

modernisation and marketing. 

 

The main aspect, the aim to overtake 50 % of future traffic increase by public 

transit will be achieved with the realisation of the network 2010.137 However this 

figure shows that the new network will not reduce the present amount of private car 

journeys. This will be only possible by carrying out measures to restrain car traffic. 

In contrast to metropolitan areas, automobile accessibility of the city centre is more 
                                                 
137 BERK, Andreas, conversati on on September 28th 2005 
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important for the future of smaller cities because public transit is not able to offer 

good services for all parts of the area. So the LRT system is implemented to be an 

attractive alternative that gets car owners to use public transit voluntarily.         
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3.4 BRT- BOGOTÀ, COLOMBIA 

 
 

I. Introduction 
 
Bogotá is  a city located in Colombia, is the country's capital, placed at an 

elevation of about 2.650 m. on a mountain rimmed plateau high in the Cordillera 

Oriental of the Andes Mountains. This gives it constant spring like weather. It 

lies only 4°36' north of the equator.138 Today Bogotá is a cosmopolitan city in  

continuous expansion. It is one of the fastest growing metropolitan areas, not 

only in Colombia, but also in South America.139 Its almost 6 million inhabitants 

include people from Colombia and some foreigners.140 Bogotá has suffered 

through time problems in its transportation system. Before 2000, traffic jams, 

pollution, congestion, institutional weakness and others had become this city in 

one of the world’s most chaotic.141 But with the development of a bus rapid 

transit system called Transmilenio,142 Bogotá has changed its image throughout 

the world. In this chapter, I will show the story of the development of the 

system, including technical aspects, cost of the system, political aspects and 

finally what BRT has achieved in Bogotá.  

 

 

 

                                                 
138 http://www.bogota-dc .com/history/bog-his.htm consulted on June 5th,2006 
139 Ibid. . consulted the same day. 
140 Ibid.. consulted the same day. 
141 Ibid.. consulted the same day. 
142 http://en.wi kipedia.org/wi ki/Bogota  
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II. Development of Transmilenio-BRT System / Political aspects    

There were two different schools of thought in the transit planning in Bogotá. 

The first one advocated a metro network complemented by bus-based services. 

The other one believed on buses running in exclusive busways.143 As always, 

politics played a central role in shaping transportation policy in Bogotá. 144 

Virgilio Barco won the election for president in 1986 and proposed to construct 

a metro line, but this line was never constructed.145 Andres Pastrana was  

elected mayor of Bogotá in March 1988 but his team did not have an agenda in 

transportation. 146  Mayor Pastrana contacted Jorge Acevedo —a transport 

consultant— that had been studying the Bogotá transportation problem. He 

concluded that Bogotá was suffering from lack of capacity within the city 

government to plan and administer the transportation system.147 With the help 

of Jorge Acevedo, a study was made by the SER Research Institute, which 

concluded that the use of exclusive lanes for buses were feasible along 

Caracas Avenue. 148  As Acevedo with Ruiz—somebody close to Mayor 

Pastrana and people at the National Planning Department— lobbied Pastrana 

to go against the metro because of the poor technical quality of the study; they 

convinced the mayor to undertake the busway project during his term.149 With  

this capable team, the busway project was developed.150 These busways must 

                                                 
143 Ardila, Arturo (2004, page 205) 
144 Cain et al  ( 2006, page 40) 
145 Ardila, Arturo (2004, page 207) 
146Ibid.….page 211 
147 Ibid…page 211 
148Ibid… page 211 
149Ibid..  page 214 
150 Ibid. . page 217 
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be adapted to Curitiba, Brazil based to local conditions. Busway was the 

administration’s flagship transportation policy introduced by Pastrana.151  

 

There was a conflict between president Barco and mayor Pastrana in 1986 

because the president wanted the metro project for solving the congestion and 

transportation problems of Bogotá and Pastrana did not. Congress approved a 

law known as “Metro Law” in 1989 that established that local government had 

to cover at least 80% of the total cost of building the metro and the national 

government would cover at most 20%.152 The national government could back 

the loans the city required for building the metro, but the city had to endorse tax 

revenue and other income to the national government to pay for that debt.153 

Under this law, the city of Bogotá did not have at the end of 1980 ś the funds to 

pay the largest share of a metro system154. Finally, the metro project failed and 

the busway project through the Caracas Avenue corridor was implemented.155  

 

Jaime Castro was elected mayor of Bogotá in 1992.156 During his campaign he 

said he would not undertake the metro in the city because of its high costs. He 

continued implementing busways in the corridors needed. Advised by Jorge 

Acevedo and the SER Institute, 80th Street was the chosen corridor to get 

                                                 
151 Ibid ..page 216 
152 Ibid. . page 228 
153 Ibid. . page 228 
154 Ibid. . page 228 
155Ibid..  page 232 
156Ibid..  page 238 
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busways after the Caracas Avenue.157 In the Castro administration a bidding 

process was opened to improve the transportation in the city. Proponents would 

determine the alignment and the technology to be used such as heavy rail, light 

rail, busways, BRT or a combination.158 International consortiums participated 

in the bidding process. As a result of this process, the company Metrobús won 

the competition through a BRT project that entered to the political agenda of the 

city.  

 

Antanas Mockus was elected mayor of Bogotá in 1994.159  He thinks that 

processes must be based in communications that allows arguments to emerge, 

and try to decrease the impact of political and economic power. He distrusts 

negotiation because parties involved tend to reach the decision on the grounds 

of a give and take in which technical rationality is lost.160 Mockus had a group of 

experts that recommended the city to give priority to public transport instead of 

cars. These experts proposed to increase the institutional capacity of the 

government agencies in charge of the transport sector and additionally to 

create the plans and instruments to cater the demand for public transport.161 

But Metrobús was in the political agenda of the city. This project had many 

problems in its planning process. Banks were reluctant to give loans for 

financing the project. Banks questioned the high fare would-be users expected 

                                                 
157Ibid..  page 239 
158 Ibid. . page 240 
159 Ibid. . page 253 
160 Ibid. . page 254 
161 Ibid. . page 256 
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to pay—USD 0,45 still higher than what users paid for the existing bus services. 

The expected users were poor and it was probable that demand estimates 

would not materialize. The Metrobús project died.162   

 

Elected as president in 1994, Ernesto Samper was convinced that Bogotá 

because of its size needed a rail-based solution. He appointed Jaime Ortiz, an 

architect with a long experience in urban and transportation planning issues to 

represent him in the planning effort regarding the metro for Bogotá.163 Orti z 

claimed that the lack of a Master Transportation Plan worsened the transport 

situation to define whether the solution is rail-based or bus-based.164 Samper 

assigned political tasks to Ortiz and technical ones to the National Planning 

Department—DNP—which is in charge of analyzing from a technical 

perspective the different projects presented to the National Government for 

funding.165 Samper thought that Mockus would agree to building the metro in 

Bogotá as a result of a political idea and not a technical reasoning. Mockus 

wanted to have a solid planning study to determine if the metro was a good 

proposal, affordable and the solution to the transportation problems in 

Bogotá.166  

 

                                                 
162 Ibid. . page 259 
163Ibid..  page 262 
164 Ibid. . page 263 
165 Ibid. . page 263 
166 Ibid ..page 263 
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Samper was obsessed with building the first metro line and thought he would 

make history in this way.167 Mockus appointed Mario Noriega, an architect to  

make part of his planning team. Both doubted the metro was the effective 

solution. The first line was expensive and would only cater eight to ten percent 

of the demand. The remaining 90% would not see any improvement in the 

quality of service.168 National government always put pressure in each Bogotá 

mayor to make provisions for a metro line.169 But Mayor Peñalosa did not make 

these provisions for the metro project, instead he developed a BRT project 

even though the opposite of the National government. Next paragraph explains 

this story in detail. 

 

Enrique Peñalosa was elected as mayor of Bogotá in 1998 and had the idea of 

creating a project management office for the metro.170 Peñalosa wanted the 

metro for Bogotá. But as he knew that it only would cover a small share of the 

demand, he thought that buses would continue to be the main transit system in 

the city.171 Peñalosa proposed to improve the transport in buses giving them a 

preferential use of the road network, pay the operators per kilometer logged, 

have bus drivers to earn a salary and not a commission per passenger and to 

have clean and well-lit buses.172 He had plans to implement a bus rapid transit 

system -BRT- in Bogotá as he had seen in Curitiba and that caused a great 

                                                 
167Ibid..  page 265 
168 Ibid. . page 265 
169 Cain et al (2006, page 41) 
170 Ardila, Arturo..  (2006, page 279) 
171Ibid..  page 288 
172 Ibid ..page 288 
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impact to him.173 According to Peñalosa, BRT would be the complement to the 

metro.174 Antonio Urdinola, the minister of finance announced that the fiscal 

situation of the nation was precarious and it was not possible that the national 

government could contribute to the metro project during the next four or five 

years.175 Additionally, planners at the National Planning Department opposed to  

the metro project. When Pastrana appointed Ruiz to  head DNP, together with 

these planners they believed that BRT was a better solution than the metro to 

Bogotá’s transportation problems. 176  If Ruiz delayed the metro process, 

Peñalosa could advance in his BRT project known as Transmilenio. Moreover, 

Peñalosa would get resources for the metro to be transferable to 

Transmilenio.177  With this financial situation, the metro project finally died 

against a BRT project that was much cheaper and the city together with the 

national government could afford.178 Peñalosa wanted to use a transportation 

system that could pay the operators per kilometer logged eliminating the penny 

war, a system that uses high-capacity buses, articulated or bi-articulated with 

exclusive busways and where passengers could pay upon entering the 

station.179  

 

Additionally, in  1998 Peñalosa launched a long-term mobility strategy based on 

a package of measures to restrict private car use and stimulate urban renewal 

                                                 
173 Ibid. . page 294 
174 Ibid. . page 294 
175Ibid..  page 297 
176 Ibid ..page 305 
177 Ibid ..page 308 
178 Ibid. . page 316 
179 Ibid. . page 325 
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through public space improvements. Transmilenio would facilitate the re-

development of public space around the stations in addition to the provision of 

sidewalks/pedestrian avenues, pedestrian crossings and bicycle lanes. 180  

Peñalosa assembled a planning team for Transmilenio in the head of the 

engineer Carlos Emilio Gómez.181 This team decided to contract several studies 

such as the demand modeling of the corridors, operational characteristics of the 

new buses, the structure of the city-owned Transmilenio Co, the design of the 

busways, stations, terminals and other facilities.182  Additionally, a group of 

financial and legal advisors were needed. Peñalosa and his planners decided 

that Transmilenio would start with seven corridors; three of them built during his 

administration and the remaining four must be designed for the next mayor to  

carry out.183 At the end, the three corridors to be built were Caracas Avenue, 

80th Street and Auto Norte.184 Peñalosa appointed Ignacio de Guzmán to head 

the Transmilenio planning team De Guzmán is an excellent negotiator and has 

excellent political abilities that would allow the Transmilenio project to have a 

better planning process.185    

 

In February 1999, the City Council approved the creation of Transmilenio Co. in 

order to manage and plan the BRT system.186  This new company would 

assume entirely the demand risk. Transmilenio Co. would pay the operators per 

                                                 
180 Cain et al  ( 2006, page 13) 
181 Ardila, Arturo (2004, page 325) 
182 Ibid. . page 326 
183Ibid..  page 327 
184Ibid. .page 329 
185Ibid..  page 334 
186 Ibid ..page 337 
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kilometer logged and would guarantee a minimum payment to cover the costs 

and a minimum profit and the payment per kilometer would cover the 

depreciation of the bus.187  Transmilenio Co. would contract a company to  

manage the centralized collection of the fare box. 188  Interacting with bus  

operators was not an easy task. De Guzmán tried to convince operators that 

Transmilenio was the way to continue in the business.189 Financial projections 

were not clear for the bus companies; they felt threatened in investing in the 

new buses and operating them.190  Negotiation with the CEOs of the bus 

companies was very difficult in group, but planners discovered that meaningful 

negotiations had to be held with individual CEOs.191 Finally, after negotiations 

CEOs of the bus companies accepted the BRT project.  

 

As this story reveals, there is a crucial difference between Mayors Peñalosa 

and Mockus, compared to the other Bogotá mayors, is that they both 

demanded an objective comparison of BRT versus heavy rail. The major lesson 

from Bogotá case appears to be that decision-makers need to be encouraged 

to make public transit planning decisions based on an objective comparison of 

the different modal alternatives.192 Transmilenio greatly improved on Curitiba’s 

system with the innovation of express lanes for buses, fare collection 

technology and operation control technology. However, the most significant 

                                                 
187Ibid..  page 338 
188Ibid..  page 338 
189 Ibid. . page 347 
190 Ibid. . page 347 
191 Ibid. . page 349 
192 Cain et al  ( 2006, page 41) 
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difference between Bogotá and Curitiba system is the public-private partnership 

and the establishment of competitive bidding by the private sector.193 

Transmilenio’s operations started on December 18th, 2000, users were allowed 

to ride for free. On January 6th, 2001, revenue service started.194   

 

III. Technical aspects of Transmilenio 

Currently, Transmilenio is covering a large share of the demand in the corridors 

the buses serve. Phase I covers Caracas Avenue, 80th Street, and the 

Northern Highway and is already finished. The full 41 kilometers were 

completed by early 2002, and the system was soon carrying approximately 

800,000 passengers per day.195 Phase II covers the 30th Avenue (also referred 

to as Norte Quito Sur or N.Q.S. for short), Avenue of the Americas and Suba 

Avenue, these corridors are almost ready at the time of this writing. Most of 

Phase II is now operational and by January 2006 the system was carrying 

1,050.000 passengers per day.196  The third phase of the system will cover 7th 

Avenue, 10th Avenue, Jiménez Avenue and 26th Street (or Avenida El Dorado). 

The system is expected to cover the entire city by 2030.197 

                                                 
193 Hermann (2005, page 37) 
194 Ardila, Arturo (2004, page 368) 
195 Cain et al  ( 2006, page 6) 
196 Ibid..  page 6 

197http://en.wi kipedia.org/wi ki/Bogota   
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All buses are equipped for people with physical needs, with specific seats 

reserved for the disabled, elderly, and pregnant. All buses run on diesel in 

compliance with Euro II emission standards. Operations are managed at a 

control center equipped with six workstations, each able to control 80 

articulated buses. Each bus has a logic unit connected with GPS, odometer and 

the door opening system. Some more recent improvements include the 

placement of weight sensors in the bus suspension to prevent overload, 

electronic displays inside the buses for real-time service information, and an 

electronic taco-graph that records the daily mileage of each bus.198 

 

Transmilenio buses have achieved a speed of 26,7 kilometers per hour 

replacing the 15 kilometers per hour that the traditional transport had. 199 

Transmilenio covers operational and capital costs of the bus fleet charging a 

fare of approximately 0,40 USD. 200  This BRT system has off-vehicle fare 

collection with stations that use high-platforms and prepayment.201 Transmilenio 

has brought some improvements such as a signal priorization and interchanges 

that improve capacity and bus speed.202 Next figure shows a BRT corridor- 80th 

Street-.  

 

 

                                                 
198 Cain et al (2006, page 8) 
199 Ibìd..page 8 
200 Ibid. .  page 369 
201 Taken from Case Studies  in BRT, Transportation R esearch Board. (2001,page 28) 
202 Wright, Lloyd. GTZ (2003, page 27) 
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Figure 8. BRT bus running on 80th Street 

 

Source: Photograph taken by the author 

 

Transmilenio is part of a trunk-and-feeder bus system. Trunk line services are 

provided by Trunk buses-red buses- operating on a busway that is mainly 

segregated from other traffic. The route has terminals at both ends where 

feeder bus lines converge to serve the Trunk buses. The feeder buses- green 

buses- share the roads with mixed traffic and serve a large amount of ridership 

that live close to the terminals, even though it is necessary to use buses 

because distances between the terminals and houses average between 500 

meters and 5 kilometers.203 Transmilenio has had a positive impact on air 

quality in the Caracas corridor with a 43 percent reduction in sulphur dioxide, an 

                                                 
203 www.transmilenio.gov.co consulted on June 6th,2006 
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18 percent reduction in nitrogen dioxide, and a 12 percent reduction in 

particulate matter.204 Next figure shows a feeder bus leaving from the terminal. 

 

Figure 9. Feeder bus leaving from the terminal 

 

Source: Photograph taken by the author 

 

IV. Cost of the system 

BRT is a low-cost option for providing cities with a quality transit solution. Latin 

American systems have been constructed at a cost of one million to five million 

per kilometer, what represents a fraction of the cost of rail options.205 Capital 

costs of construction are typically borned by the public sector. For the initial 

                                                 
204 Cain et al (2006, page 10) 
205 Wright, Lloyd. GTZ (2002, page 8) 
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phase of Transmilenio- costs that have already been quantified- , I show in the 

next table the principal cost categories for the system infrastructure.  

 

Table 3. Cost for Transmilenio initial phase. 

 Million USD 
Component Total cost Cost per km* Weight 
Trunk lines 94,7 2,5 46,7% 

Stations 29,2 0,8 14,8% 
Terminal 14,9 0,4 7,5% 

Pedestrian overpasse s 16,1 0,4 8,1% 
Bus depots 15,2 0,4 7,7% 

Control centre 4,3 0,1 2,2% 
Other 25,7 0,7 13,0% 
Total 198,8 5,3  

Source. Lloyd Wright. GTZ. 

Note. Total length is 37 kms. 

According to the table showed above, the cost per kilometer of this BRT system 

is about five million dollars per kilometer. As expected, the construction of the 

trunk lines is the highest item and represents a 46.7% of the total capital costs. 

Stations and terminals are important, too with 14.8% and 7.5%, respectively. 

These percents are also showed in the next figure. 
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Figure 10. Transmilenio Construction Costs. 
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Source. Lloyd Wright. GTZ 

 

The analysis for the second phase is shown in the next table: 

Table 4. Cost for Transmilenio second phase. 

Capital Costs of Transmilenio Phase II 
 

 Américas NQS Suba 
Length (dedicated busway km) 13 18 10 

Capital cost (mill ion USD) 117 286 142 
Cost (million USD per km) 9,0 15,9 14,2 

Source: Cain et al  

Costs per km range from 9,0 to 15,9 million USD, which is more expensive than 

the Phase I due to is much more extensive, sometimes featuring an extra lane 

for cars, more complex intersections, more facilities for pedestrians and 

bicyclists and requiring four times as much land acquisition as Phase I. Further 

analysis of Phase II costs show that only 37 percent of the costs are specifically 

for Transmilenio infrastructure. Of the remaining 63 percent, 40 percent is for 
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general traffic lanes, non-grade intersections , sidewalks and utilities, 11 

percent is for right of way acquisition and 12 percent is for environmental and 

social mitigation, traffic management, detours, and maintenance. Thus, the 

Transmilenio portion of Phase II costs 207 million USD, equating to 

approximately 5 million USD per km.206 

 

V. Achievements of the Bogotá BRT  

Bogotá has been recognized throughout the world by the development of its 

bus rapid transit system called Transmilenio. Many researchers have come 

from developing and developed countries to learn how the system works, the 

design of the stations, the trunk and feeder buses and all the components the 

system has.  

Transmilenio is a flexible system. Its routes can be changed and expanded 

when needed. As TM uses feeder buses, TM can serve more destinations 

located in the outskirts of the city.207 Buses are newer, cleaner and with high 

capacity, there are enclosed and secure stations, the boarding is fast and the 

whole system has changed the image the city had as one of the most chaotic in 

the world. 208 

One achievement is that the implementation of this system demonstrated to 

some politicians that the metro was not the only solution to the transportation 

problems in Bogotá. It is also evidence that the BRT that Peñalosa thought for 

                                                 
206 Cain et al (2006, page 21) 
207 Henr y & Litman (2006, page 5) 
208 Hook, Walter (2004, page 16) 
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the city has performed well with a lower cost than the metro. Moreover, a 

solution in rail-based as the LRT would probably be more expensive than 

Transmilenio. 
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4. ANALYSIS OF CASE STUDIES 

 

In this chapter I will show a brief analysis of the BRT and LRT systems based in 

the experiences of Bogotá and Quito that have developed BRT systems. 

Equally, the analysis will cover Strasbourg and Heilbronn that have 

implemented LRT systems; the information related with these cities was given 

by Sebastian Hofherr, the student of Kaiserslautern University that I mentioned 

in the first chapter. 

 

The development of a mass transit system is an indispensable aspect of a 

sustainable transport system for a large city. In developing countries these 

mass transit systems can play an important role in shaping the future 

development of the cities. 209 BRT and LRT are examples of these transit 

systems and have been used in Latin America and Europe. The main task of 

this chapter is to give answers to the research questions. Is LRT a typical 

system for the cities studied in Europe? Is the image of buses so bad in these 

cities that politicians do not trust in the benefits?, Which system is better and 

cheaper?, Why Latin American cities that I studied implement BRT instead of 

LRT? Is a matter of costs or a rejecting of our politicians?. The arguments will 

be analyzed in the context of politics, costs, urban, environmental and technical 

aspects. 

 
                                                 
209 Wright, Lloyd. GTZ (2003,page 30) 
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Political aspects 

LRT is a typical system for the cities studied in Europe. Politicians in these 

cities do not regard buses as a worthy system because of buses’ poor image 210  

Travelers that observe the current poor state and low levels of service offered 

by buses cannot believe that a bus system can change radically the current 

situation in alleviating congestion and travel time savings.211 The down-market 

image of the buses is a cause for rejecting the BRT in these European cities. 

As an opportunity to improve that image, there must be created high-quality 

buses, low-emission buses, electrically-powered buses and better urban 

design. Additionally, there must be a better operational control, high technology 

and higher participation of the private sector.212 Strasbourg developed its LRT 

system against a metro system and Heilbronn did not fight against any system 

because LRT always had the support of politicians thanks to the benefits 

showed by the Karlsruhe model of LRT.213 There was not ever any BRT project 

in the political agendas of both cities.  

 

Another reason for rejecting BRT is that there is a lack of information about 

BRT in these cities in Europe. Knowledge of BRT is relatively new in 

comparison with other kind of systems as LRT. Decision makers do not use 

public transport in their countries. But when they travel around developed cities, 
                                                 
210 Conversation with Sebastian Hofherr. June 2th,2006 
211 Fox, Halcrow. (2000,page 69) 
212 Fox, Halcrow. (2000,page 17) 
213 Conversation with Sebastian Hofherr. June 2th,2006 
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they generally use rail-based systems such as metros or LRT. They see them 

as a good option to implement in their cities. This situation does not happen 

with the BRT.214 They do not have the opportunity to use the buses, experience 

improvements in higher speeds, alleviate congestion and have better travel 

times. 

 

Bogotá and Quito implemented BRT instead of a rail-based solution. Peñalosa 

in the first case saw the Curitiba project as successful and adapted it to Bogotá. 

He made a coalition against the metro project, claiming that it was more 

expensive than BRT and it could achieve the same capacities and serve a high 

share of the demand with lower cost. In the case of Quito, Mahuad was 

convinced by Arias to develop a BRT system instead a rail-based solution. 

Nowadays, the mayor Paco Moncayo wants to develop a rail-based system 

because Trole is not as good as when it was created and he is competing 

against Guayaquil’s Mayor.  This means that BRT in Quito could be the solution 

in the medium-run. Maybe LRT could be the solution in the long-run for this city. 

 

Political factors put planners under pressure to produce an attractive mass 

rapid transit scheme instead of others that could be better for the city.215 This 

happened in Bogotá when President Samper proposed to mayor Mockus and 

the planners to build a metro because it was a political idea and not the result of 

                                                 
214 Hidalgo, Darío (2004,page 6) 
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a technical study. The metro study was of poor quality, the demand was 

overestimated and the costs were underestimated. Samper was obsessed with 

the idea of building a first metro line in Bogota during his tenure as president 

because it would give popularity to him. But mayor Mockus did not have an 

important concept based in technical studies that suggested him to implement a 

metro line as the most effective solution to the transport problems in Bogotá.   

 

As one of the most important points in politics is the time of implementation of 

each system. The construction of a kilometer of BRT takes a fraction of the time 

to build a kilometer of LRT.216 The political point is that in Latin American 

countries, where tenures are short, a mayor can implement the BRT project 

from beginning to end. This short implementation time represents a real 

advantage of BRT competing against LRT. It is an important point that 

politicians in Latin America consider favorable to the development of a BRT 

system against a LRT. 

 

The local population has also a real importance in terms of the decision in some 

cities in Europe. In Orleans, France, the population convinced both planners 

and politicians to build a new LRT line instead of BRT because of LRT`s 

popularity.217 This situation is not common in Latin America where decisions are 

                                                 
216 Ibíd.…(2000, page 24) 
217 Conversation with Sebastian Hofherr. June 2th,2006 
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largely influenced by the politicians and population does not have any influence 

in the final decisions. 

 

Cost aspects 

As seen in the last chapters with the case studies, the average cost for a BRT 

kilometer is between 3 and 5 million dollars. Quito BRT had a cost of 3 million 

dollars for the first stage and 5 million dollars for the second stage. Bogotá had 

a cost of 5  million dollars for the initial stage. On the other hand, Heilbronn and 

Strasbourg spent 22 and 28 million dollars per km, respectively. It is clear that it 

is cheaper to build BRT than LRT. It is also important to be clear that in the 

cases of Quito, Strasbourg and Heilbronn the cost includes the vehicles. In the 

case of Bogotá the cost per kilometer does not include the vehicles but this cost 

considers the construction of the lanes dedicated to the mixed traffic.   

 

BRT has many positive effects against LRT. The present model systems in 

Curitiba, Bogotá and Quito are very successful and prove that important 

features of rail-guided transit such as reliability, mass capacity and time savings 

are as well possible with buses with lower costs.218 If these cities in developing 

countries can achieve good results using BRT with lower costs, it would not be 

logic that cities use LRT because there are other necessities where resources 

are needed for health, education and social programs.  

 
                                                 
218 Wright, Lloyd. GTZ (page 14, 2003)  



COMPARISON BETWEEN BRT AND LRT                                       MIC 2006-II-25 

 95

The high costs for European LRT routes are for a large part due to the 

attractive design of the infrastructure. Vehicles are a large cost factor of LRT 

systems. Because of special features, the vehicles used in Strasbourg and 

Heilbronn are amongst the most expensive cars.219 Even though, it is difficult to  

build a LRT system that could result cheaper than BRT. 

The building of BRT systems in some European cities causes an increase in 

the operation costs for BRT. The main cost share in Western Europe are the 

personnel costs and in particular the driving personnel. Wages in Europe are 

higher than in Latin America and it means that it is more favorable to develop a 

BRT system in Latin American countries.220  

 

Urban and environmental aspects 

LRT makes part of European urban life in the cities studied. The Strasbourg 

LRT became a symbol for modern European LRT. It changed the car-policy 

oriented planning to a network of LRT that is part of the city architecture. The 

Heilbronn LRT was developed to keep urban quality and maintaining the city 

image. It means that Europeans in these cities would rather implement LRT 

instead of BRT, even though LRT is more expensive than BRT but LRT has an 

exceptional meaning in their lives.  

 

                                                 
219 Conversation with Sebastian Hofherr. June 2th,2006 
220 Ibíd.… 
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In the cities studied in Latin America there is not a marked tradition for choosing 

a determined system such as BRT or LRT. The situation is different to 

Europeans that live in  the cities studied who defend the LRT because is part of 

a large tradition and help to keep the urban quality of their cities.  

 

LRT presents an ecological advantage against BRT. Noise, vibration and 

exhaust are a typical feature of BRT. The main reason to develop new transit 

modes is to reduce automobile pollution and noise. Europeans in the cities 

studied compare buses to trucks and they observe that BRT reduces less the 

pollution and noise than LRT. Modern LRT is quiet and has no pollution close to 

the tracks. However, electrical power must be produced and, in Europe, much 

electrical power is not from ecological sources such as water or sun energy. So 

pollution is transferred from the cities to the areas where plants are.221  

 

Technical aspects 

In the cities studied in Europe, street infrastructure is very hard- fought in the 

cities- in particular in the historic parts. Roadway, pedestrian sidewalks, 

sideways for cyclists and public transit ways must be integrated in streets of 

less than 20 meters of width. This in general means a maximum of one transit 

lane per direction- similar to the Trole bus in Quito. LRT is able to run 

unendangered with a width of less than 7 meters of transit ways.   Then, it is not 

possible to develop a BRT system as Transmilenio in Bogotá that runs on two 
                                                 
221 Ibíd.… 
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transit lanes per direction, meaning an increase in the capacity of the system. It 

is a reason that limits the development of a BRT in the cities studied in Europe 

and brings them to choose LRT instead if BRT.222 Even though, two transit 

lanes per direction are needed when demand is high as the case of Bogotá, but 

in Europeans cities BRT could be affordable with using just one transit lane per 

direction.  

In most Europeans cities passenger demands requires vehicles of a capacity 

between buses and metros. LRT is ideal for these capacities and is therefore 

used as the backbone of the system.223  

 

In some countries in Latin America and some cities in Australia such as 

Adelaide, Sydney and Brisbane BRT has been implemented by a lower cost 

against the LRT. BRT provides better transit service to low-density areas with 

minimum transfer and walk times. BRT has promoted transit oriented 

development. In Latin America, there has been an urgent need to improve 

travel conditions in congested cities with populations that are growing 

exponentially. 224 This improvement has been achieved using BRT systems. 

LRT needs to be integrated with buses to serve low-density areas located in the 

outskirts of the cities. BRT has more flexibility than rail-based solutions, takes a 

fraction of the time to implement a LRT system, and can be adapted when the 

expansion of the system is needed.  

                                                 
222 Ibíd.… 
223 Ibíd.… 
224 Transit Cooper ati ve Research Program, TRB. (2001, page 25) 
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5. CONCLUSIONS 

 

The implementation of new transit systems has strong political support; it includes 

financial support and the coordination of transit in the area to avoid a rivalry of 

different transit modes. Some conclusions according to the research questions are: 

 

Is LRT a typical system for the cities studied in Europe? Yes, is an ideal transit 

mode for these city areas. Its image keeps the urban quality of the cities, the street 

patterns and infrastructure makes difficult the implementation of BRTs, noise and 

pollution is less than produced by BRT and politicians do not trust in the benefits of 

the BRT. Even though, BRTs in Quito, Bogotá and Curitiba are successful cases of 

implementation achieving important time savings, improvements in speeds and 

development of some areas. Europeans that live in these cities prefer LRT by 

keeping the cities image and by environmental reasons. 

 

Is the image of buses so bad in these European cities that politicians do not trust in 

the benefits? Yes, the image of buses has been deteriorated in these European 

cities but there is a lack of information in how BRT works. Planners and politicians 

of these cities visit cities through the world with rail-based solutions and do not 

have the opportunity to see BRT working in cities such as Curitiba, Quito, Bogotá 

and Sao Paulo. 
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Which system is better and cheaper? I cannot say that LRT or BRT is better than 

the other one. BRT is cheaper in all cases but this is not the only reason to choose 

one system or another. But the answer to this question requires a more extensive 

research that considers more elements and could have a higher scope. 

 

Why Latin American cities implement BRT instead of LRT? Is a matter of costs or a 

rejecting of our politicians? Definitely, BRT is cheaper and this reason has a strong 

weight in the final decision. There are other necessities where resources are 

important such as health, education and social programs. Nevertheless, LRT has 

more environmental benefits, a better quality image, more acceptation by the 

planners and politicians, intermediate capacities and a long tradition through the 

time. 
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