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This report shows the result of a deep comparison in the PT service in seven European cities, 

among them two big agglomerations, the so-called European capitals, Paris and London, and five 

other main cities, Madrid and Barcelona in Spain, and Berlin, Hamburg and Munich in Germany. In 

the future, data from Milan, Amsterdam, Zurich, Copenhagen, Stockholm and Lisbon should be 

added, but collecting them will mean a significant effort.  
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1. Data features  

Data includes all Public Transport, PT, operators at the metropolitan regional level of these 7 cities. 

Selected data are: 

Supply data 

1. Yearly Coach-km 

2. Length of PTP (km) 

3. Energy consumption (GWh) 

4. Average speed of PT (km/h) 

5. Annual cost (€) 

Demand data 

1. Yearly passengers (passenger) 

2. Yearly passenger mileage (passenger-km) 

3. Average trip  (km) 

4. Yearly incomes from fares (€) 

And a set of parameters arising from these basic data:  

 Energy Consumption per Unit  (kWh/coach-km) 

 Energy Consumption per Unit (kWh/passenger) 

 Energy Consumption per unit (kWh/passenger-km) 

 Cost /passenger (€) 

 Cost /passenger-km (€) 

 Incomes/passenger (€) 

 Incomes/passenger-km (€) 

 Occupancy  (passenger-km/Coach-km) 

 Density of PT Use (passengers/ km Network (million)) 

 Incomes/expenditures 

The Selected services of PT in each city included in this database are the next. 

 

a) London:  

Included services: London Overground, London Underground, Tfl suburban rail service, 

Docklands Light Railway, Croydon Tram and Urban Buses under the control of TfL.  

Excluded services: Interurban bus services going outside the scope of Transport for London 

and Suburban Rail services depending on National Rail. 

Grouping of data:  

Suburban rail includes London Overground and TfL rail services 

Metro includes London Underground and DLR services 

Tramway includes Croydon Tram 

Urban bus includes all buses under the control of TfL 

Interurban bus: not any service is included 
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b) Paris 

Included services: Transilien, RER, Metro and Tramway as rail services, and Urban Bus, Bus 

petite et grande courone and Noctilien Nus as bus services. 

Excluded services: Other  SNCF services (regional, long distances daily and night trains) 

Grouping of data:  

Suburban rail includes Transilien and RER (both SNCF and RATP) services  

Metro includes Metro RATP services 

Tramway includes all RATP Tram services 

Urban bus just includes urban buses giving service Paris intramuros (inside the city) 

Interurban bus: Other metropolitan Buses (Bus petite et grande courone, OPTILE 

and Noctilien) 

 

c) Madrid 

Included services: Suburban Renfe trains, Metro, Tramway on the rail side, and Local 

Urban Buses in Madrid and Interurban Buses in the whole province of Madrid 

Excluded services: Other Renfe services and interregional buses 

Grouping of data:  

Suburban rail just includes Suburban Renfe services 

Metro includes Metro and Concesiones Ferroviarias services 

Tramway includes all Tram services 

Urban bus just includes local Madrid bus service 

Interurban bus: All other metropolitan Buses 

 

d) Barcelona 

Included services: Suburban Renfe and FGC trains, Metro TMB and FGC services and 

Tramway on the rail side; Urban Barcelona Buses (TMB), Metropolitan Buses (AMB), 

metropolitan Regional Buses (DGTM) and other local buses in the Metropolitan Region 

Excluded services: Other Renfe services and interregional buses 

Grouping of data:  

Suburban rail includes all Suburban Renfe and FGC outside of 1st crown services 

Metro includes TMB and FGC metro services (inside the 1st crown) 

Tramway includes the two tram systems 

Urban bus includes TMB and AMB bus services 

Interurban bus: All other DGTM regional and local Buses (outside of 1st crown) 

 

e) Berlin 

Included services: Regio-Bahn (services linking Berlin), S-Bahn, Metro and Tramway on the 

rail side; and Urban Berlin Buses , 

Excluded services:  Other Deutsche Bahn services, all interurban buses and local transport 

in Brandenburg region. 

Grouping of data:  

Suburban rail includes Regio Bahn services 

Metro includes BVG and S-Bahn services 

Tramway includes all BVG tram systems 

Urban bus just includes BVG services 

Interurban bus: not any services is included 

 



5 
 

f) Hamburg 

Included services: Regio-Bahn (services linking Hamburg) , A-Bahn, S-Bahn and Metro on 

the rail side, and Urban Hamburg Buses (HB) and Interurban Buses related to proximity 

services with Hamburg. 

Excluded services: Other Deutsche Bahn services, other interurban buses and local 

transport in the region of Niedersachsen. 

Grouping of data:  

Suburban rail includes Regio Bahn and A-Bahn services 

Metro includes local HB metro and S-Bahn services 

Tramway: there is no tram service 

Urban bus just includes local HB services 

Interurban bus: all other metropolitan buses  

 

g) Munich 

Included services: Regio-Bahn (services linking Hamburg), S-Bahn, Metro and Tramway on 

the rail side, and local Buses and Interurban Buses related to proximity services with 

Munich as a destination.  

Excluded services: Other Deutsche Bahn services, other interurban buses and local 

transport in Bavaria. 

Grouping of data:  

Suburban rail just includes Regio Bahn services 

Metro includes local MVG and S-Bahn services 

Tramway includes local MVG tram service 

Urban bus just includes local MVG services 

Interurban bus: all other MVV metropolitan buses  

 

h) The average city 

The results of an eighth virtual city, the so-called Average city, are represented in the results. This 

virtual city pretends to be the average European city in the field of the Metropolitan PT. 
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Population and density  

Population and surface of the PT area has been selected matching with the area of governance of 

such PT. In the case of London, the selected area is that one of Greater London; in case of Paris that 

of STIF; in the case of Madrid the whole Comunidad Autónoma (equivalent to the former province 

of Madrid) which matches with the area of governance of the Consorcio Regional de Transportes 

de Madrid; in the case of Barcelona is the territory of Metropolitan Region of Barcelona which 

matches with the area of governance of the Autoritat del Transport Metropolità; in the case of 

Berlin and Hamburg are their regions (Ländern); and in the case of Munich is the area of 

governance of the Münchner Verkehrs- und Tarifverbund, MVV. 

 

Inhabitants
Surface 

(km2)

Density 

(inh/km2)

London 8.817.300 5.618 1.569

Paris 12.246.234 12.012 1.020

Madrid 6.587.711 8.022 821

Barcelona 4.747.035 2.464 1.926

Berlin 3.613.495 892 4.052

Hamburg 1.830.584 755 2.424

Munich 2.899.000 5.530 524

Average City 5.820.194 5.042 1.154  

Table 1. Population, surface and density of the assessed cities 

Source and consistency of the data 

Most data have been got from the annual reports of the companies and transport authorities. But 

in some cases missing data have had to be estimated. Cities like Barcelona are very transparent 

regarding the quality of their data whilst in other cases exist some opacity. Thanks to some relevant 

and good contacts in cities, most of missing data have been obtained, so that as a whole there is a 

quite high level of confidence about these data. In other cases, especially in economic items, data 

have had to be prepared and adapted to the comparison since, as in the case of Barcelona, the 

local main public operator includes in its accounts concepts that have nothing to do with its own 

exploitation. All data correspond to 2016. 

Calculation of coach-km data  

By multiplying the mileage of trains by the number of coaches of each train, the number of coach-

km has been obtained. In the case of trams, it has been assumed that in average each tram has two 

coaches. Standard or articulated buses mean a single coach. 
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2. Collected data 

The collected data for each city and the transportation parameters are gathered in Annex 1. For 

each of seven cities a set of data are presented in raw format and grouped in 5 categories: 

suburban rail, metro services, tram services, urban buses and interurban buses. 

For each city the gathered information for each kind of transport is the next: 

Supply 

 Coach-km (million) 

 Rail Share supply 

 Length (km) 

 Energy (GWh) 

 Energy Consumption per unit (kWh/coach-km) 

 Energy Consumption per unit (kWh/passenger) 

 Energy Consumption per unit (kWh/passenger-km) 

 Speed (km/h) 

 Annual Costs (M€) 

 Cost/Coach-km (€) 

Demand 

 Passenger (million) 

 Average passenger trip (km) 

 Passenger-km (million) 

 Rail share demand 

 Annual incomes (M€) 

 Cost/passenger-km (€) 

 Cost/passenger (€) 

 Energy / trip (kWh) 

 Energy / pax-km (kWh) 

 Incomes / passenger-km (€) 

 Incomes / passenger (€) 

 Occupancy  (passenger-km/coach-km) 

 Passenger / km network (million) 

 Expense coverage ratio 
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3. Results  
 

Absolute data values do not make much sense by their own. Much more interesting is the 

comparison among them. Therefore, in this chapter an intense comparison among the data and the 

obtained parameters for each city is made. 

 

3.1. Supply data 

Data supply are presented sorted by different type of the supply parameters.  

3.1.1. Transportation supply 

Next table show the figures of the amount of transport supply expressed in terms of coach-km. 

 

Table 2. Data supply for mode of transport and city. Coach-km  

These figures are represented in next graphs. 

   

                  Graph 1. Suburban rail supply. Coach-km   Graph 2. Metro supply. Coach-km  

Regarding suburban rail supply, Paris provides to its metropolitan area the same amount of 

transport, in terms of coaches-km, than the rest of cities together. German cities and London are at 

the end of the ranking, which is quite normal taking into account that in London the majority of 

suburban rail service is produced by trains of the National rail, which have been excluded of in this 

report, and the three German cities do not have the metropolitan territory as the other cities do. 

Suburban Rail Metro Tramway Urban Bus Interurban Bus Total

London 47,6 595,2 3,0 493,0 0,0 1.138,9

Paris 485,1 253,5 12,0 42,1 307,7 1.100,4

Madrid 145,3 177,5 12,6 88,5 173,1 597,0

Barcelona 121,3 97,7 2,5 75,8 58,7 356,0

Berlin 87,0 392,3 19,7 89,3 0,0 588,3

Hamburg 36,8 154,9 0,0 50,3 13,0 255,0

Munich 40,0 232,2 8,3 32,5 37,0 350,0

Average City 137,6 271,9 8,3 124,5 84,2 626,5

Coach-km (milion)
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In Metro supply stands out London, clearly leading the ranking, and Madrid in the second place. 

Barcelona has de poorest figures despite its great length, which confirms the need of intensifying 

the service in the existing metro services in the Catalan capital. 

               

                   Graph 3. Urban bus supply. Coach-km   Graph 4. Tramway supply. Coach-km  

As far as urban bus supply, London provides more supply than the rest of six cities together. At a 

very far distance appear Berlin and Madrid, and Munich in the end of the list. 

In the field of trams, Berlin is distinguished by its excellent position, leading the ranking, followed 

by Madrid and Paris. Madrid is actually a very curious case, since has a lot of tram supply but a very 

lower demand, as it will be described in the next chapter. Barcelona and London are scoring poor, 

but Barcelona is planning the link between both trams networks which will cause a significant 

increase in terms of tramway supply. As told, Hamburg has no tram network, which is an odd 

feature of the Hanseatic city, taking into account that more than 230 European cities has a tram 

network. 

 

Graph 5. Interurban bus supply. Coach-km 

As told, Paris has a great interurban bus supply, with more supply than the rest of cities together. 

Madrid stands out in second position and Barcelona in the third one. Nor Berlin neither London has 

an own interurban network, although they exist, but not any statistic has been found. On the other 
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hand, the wide rail scheme in the German and British capitals ensures than the dominant mode of 

transportation is rail in both cities in this kind of relations. 

 

Graph 6. Global PT supply. Coach-km 

As a whole, naturally London and Paris are the cities which are leading the ranking regarding PT 

supply, followed by Madrid and Berlin, then Barcelona, Munich and finally Hamburg. In next 

chapters the amount of supply will be crossed with the number on inhabitants. 

The share of each mode of transportation and the global rail share of each city is maybe one of the 

most interesting data. They appear below. 

Suburban 

Rail
Metro Tramway Urban Bus

Interurban 

Bus
Total Rail Bus

London 4% 52% 0% 43% 0% 100% 57% 43%

Paris 44% 23% 1% 4% 28% 100% 68% 32%

Madrid 24% 30% 2% 15% 29% 100% 56% 44%

Barcelona 34% 27% 1% 21% 16% 100% 62% 38%

Berlin 15% 67% 3% 15% 0% 100% 85% 15%

Hamburg 14% 61% 0% 20% 5% 100% 75% 25%

Munich 11% 66% 2% 9% 11% 100% 80% 20%

Average City 22% 43% 1% 20% 13% 100% 67% 33%

Rail Share Supply (coach-km)

 

Table 3. Share of each mode of transportation, and rail and bus supply 

  

We can appreciate that the role of the rail is very important in German cities and decrease for the 

rest of cities until reaching the last place for London with a poor figure of 57%. But it must be noted 

that the figures of British National Rail when providing services in London have not been included 

even though the majority of such services are not metropolitan ones, but interurban ones. 
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3.1.2. Energy consumption 

 

Table 4. Energy spent in providing PT supply for mode of transport and city. GWh  

The global energy consumption has a relative interest since what it is important is the efficiency in 

this consumption, not the absolute amount of spent energy. 

 

3.1.3. Energy consumption per unit 

 

Table 5. Energy per unit spent in providing PT supply for mode of transport and city. KWh/coach-km  

As told, the consumption per unit of transportation is the outstanding magnitude in the field of the 

efficiency. 

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 112 1.136 12 2.982 0 4.241

Paris 757 800 50 292 1.882 3.782

Madrid 203 602 54 609 892 2.360

Barcelona 200 305 11 525 363 1.403

Berlin 226 876 87 549 0 1.738

Hamburg 96 372 0 310 80 858

Munich 104 557 38 200 207 1.107

Average City 243 664 36 781 489 2.213

Energy consumption (GWh)

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 2,35 1,91 3,80 6,05 0,00 3,71

Paris 1,56 3,16 4,20 6,94 6,12 3,40

Madrid 1,40 3,39 4,30 6,88 5,15 3,87

Barcelona 1,65 3,12 4,30 6,92 6,19 3,91

Berlin 2,32 1,99 3,95 5,49 0,00 2,55

Hamburg 2,60 2,40 0,00 5,50 5,50 3,36

Munich 2,60 2,40 4,65 6,16 5,60 3,09

Average City 1,76 2,44 4,34 6,27 5,81 3,53

Unit Consumption (kWh/Coach-km)
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 Graph 7. Suburban rail unit consumption.   Graph 8. Metro rail unit consumption.  
kWh/Coach-km       kWh/Coach-km   
 

According with this classification the most efficient suburban rail system is Madrid, followed by 

Paris and Barcelona. Since in some cases, due to the lack of transparence, the figures of the energy 

consumption have been to be estimated, the classification of the energy efficiency of each mode of 

transportation must be taken with certain prudence. 

While the Spanish Suburban rails are the best placed in the list, the Spanish Metro systems are the 

less efficient. This is probably due to the fact that the distance between metro stations in Spain are 

shorter than in other countries. The distance inter-station is one of the factors that influences more 

in this topic. On the other hand, since the traction technologies are similar in all metro set trains, 

other factors that influence are the depth of the stations, which needs more ventilation and air 

renovation, lifts and escalators, and air conditioning needs, very important in summer in Spain, 

might justify the differences 

.    

Graph 9. Urban bus unit consumption.    Graph 10. Tramway  unit consumption.  
kWh/Coach-km       kWh/Coach-km   

 

Regarding the bus consumption, all cities are placed in a similar position, standing out, in the sense 

of a lower consumption, those which have a higher speed of their fleets. Tramway consumption is 

similar in all cities. And the same happens in interurban buses, which is showed in next graph. 
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              Graph 11. Interurban bus unit consumption. kWh/Coach-km   
    

 

 

              Graph 12. Global PT unit consumption.  kWh/Coach-km   

 

When we analyze the efficiency figures, a possible lack of information is less important in the global 

overview. Globally, the energy needed in providing transport services in these cities come from 

reliable sources. The graphic shows a leadership of the German cities, which can be explained by its 

higher use of the most efficient mode of transportation, which is the rail, and a higher speed. This 

data will be confirmed in next item. 
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3.1.4. Speed 

 

 

 

Table 6. Speed in providing PT supply for mode of transport and city. km/h  

 

     

Graph 13. Suburban rail speed.             Graph 14. Metro speed. 
Km/h                                      Km/h    

 

     

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 50,0 33,1 25,0 15,2 0,0 26,0

Paris 47,0 27,0 18,0 14,0 20,2 33,3

Madrid 44,5 28,8 21,5 13,4 23,7 28,7

Barcelona 50,1 29,4 17,9 16,6 33,7 34,4

Berlin 60,0 37,0 19,0 19,5 0,0 37,1

Hamburg 60,0 36,3 0,0 18,6 20,0 35,4

Munich 60,0 38,5 18,9 18,1 25,0 37,2

Average City 48,9 33,0 19,7 15,6 22,9 31,7

Speed (km/h)
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        Graph 15. Tramway speed.                 Graph 16. Urban bus speed. 
Km/h        km/h    

 

 

Graph 17. Interurban bus speed.  
Km/h 

 

Graph 18. Global PT speed. Km/h 

 
These graphs are discussed together. 
 
In the chapter of suburban rail, the speed is on average 49 km/h. Over these values we find 
German cities, 60 km/h, which are the single ones placed above the average. We should take these 
data with prudence since some of them have had to be estimated due to the lack of transparence 
or certain transportation authorities or companies.  
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The values of metro speed are more reliable since all come from annual reports. The lowest values 
are found in Paris and Spain, and this data matches with the fact that the distance inter-stations in 
those cities are shorter than in the northern countries, because it is clear that a short inter-station 
distance means less speed. 
 
Regarding the tram speed all cities are placed at the same level, and share the value of the average 
city, except London. This is probably due to that the London’s tram scheme was created over a 
disused railway network. So interstation distances are longer that in an standard tram exploitation. 
 
More differences are found among the speeds of urban bus services. The lowest is Madrid and the 
highest is Berlin. In this topic there are amazing paradoxes. A city like Barcelona may have a very 
low urban bus peed, 13 km/h, but the bus results have been accounted including the data of the 
suburban bus network which is quite faster than the urban one. London, Paris and Madrid have 
pure urban services that have more difficulties to run in a quick way than those which also have 
services in suburban areas. 
 
 
 

3.1.5. Transport Supply Cost 

Table 7. Cost per unit in providing PT supply for mode of transport and city. EUR/coach-km  

 

    

        Graph 19. Suburban rail cost per unit              Graph 20. Metro cost per unit 
EUR/coach-km       EUR/coach-km    

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 8,4 3,9 12,8 6,1 0,0 5,1

Paris 4,4 5,5 12,5 7,2 2,5 4,4

Madrid 2,4 5,9 9,2 6,0 4,1 4,7

Barcelona 3,1 4,4 9,2 6,2 3,5 4,3

Berlin 4,0 1,9 8,6 6,1 0,0 3,2

Hamburg 3,8 2,4 0,0 6,1 3,5 3,4

Munich 4,0 1,4 8,6 5,3 3,5 2,6

Average City 4,1 3,5 9,8 6,1 3,2 4,2

Cost/Coach-km (€)
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Costs per coach of suburban trains are ranging from London, with a cost which is the double of the 

average city and Madrid which has the lowest value, in a scale 3:1. Most operation costs are placed 

around the average. The exception is London. Probably this is due to the scarce service of suburban 

TfL rail, which distorts the values.  Remarkable is the fact that the Spanish suburban rail is cheaper 

than the average. It is quite known than Renfe’s exploitation costs are quite low. 

Regarding the metro cost, the higher one is surprisingly Madrid. 

    

        Graph 21. Tramway cost per unit                Graph 22. Urban bus cost per unit 
EUR/coach-km       EUR/coach-km   

 

Graph 23. Interurban bus cost per unit (EUR/coach-km) 
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Graph 24. Global PT cost per unit (EUR/coach-km) 
3.2. Demand data 

Data are sorted by different type of parameters of the demand. The data demand are more 

important than the supply ones, since the core of PT schemes is moving people, passengers, but 

not rolling stocks, trains or buses. 

3.2.1. Passengers demand 

 

Table 8. Demand in PT for mode of transport and city.   

 

5,1

4,4
4,7

4,3

3,2 3,4

2,6

4,2

0

1

2

3

4

5

6

Global PT cost 
€/coach-km

London Paris Madrid Barcelona

Berlin Hamburg Munich Average City

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 231,4 1.466,0 27,0 2.314,0 0,0 4.038,4

Paris 1.440,0 1.519,0 287,0 330,0 1.092,0 4.668,0

Madrid 184,6 591,0 15,8 430,1 224,1 1.445,6

Barcelona 147,5 425,8 26,8 282,4 73,7 956,2

Berlin 47,3 967,0 193,6 432,0 0,0 1.639,9

Hamburg 40,0 503,5 0,0 211,7 44,0 799,2

Munich 40,0 638,0 119,0 193,0 45,0 1.035,0

Average City 304,4 872,9 95,6 599,0 211,3 2.083,2

Passengers (milion)
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        Graph 25. Demand in suburban rai (passengers)              Graph 26. Demand in metro (passengers) 

 

As far a suburban train demand is concerned, Paris stands clearly out. The French capital alone 

catches more passengers in this category than the rest of the cities together. This is due to the 

fact that the territory of the metropolitan area of Paris is many times much greater than other 

cities and also due to its great and high density suburban rail.  Paris has three times more 

passengers in this item than the average European city. 

As for the metro service, the ranking is led by Paris and London, with not very much difference 

between these two big agglomerations, followed by Berlin, Madrid, Munich, Hamburg and 

Barcelona, city which is placed in the last place of the ranking. Three cities are placed above 

the results of the average city. 

 

   

            Graph 27. Demand in tramway (passengers)              Graph 28. Demand in urban bus. Passengers 

 

Regarding the tramway figures, Paris is also clearly leading the classification with three times 

more passenger than the average city. It is followed by Berlin and Munich. London, Barcelona 

and Madrid appear a long way away, which shows the lack of tradition in trams on these cities; 

although in the case of Barcelona the simply linking of both network trams could contribute 
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with 100 million additional yearly passenger, according to the studies of the city council which 

has recently approved the link of trams crossing the center city. Remarkable is the fact that 

Hamburg does not have a tram, a singularity in the transportation European landscape. 

As far as urban buses is concerned, London id clearly leading the classification with more 

passengers than the other six cities together.  It is quite known than despite of the great 

extension of Londoner metro network, what in the British capital is remarkable is the huge 

usage of buses. 

 

Graph 29. Demand  in interurban bus. Passengers 

In the field of interurban buses, Paris is leading as well the ranking with more passengers than 

the rest of the cities together, although it could be argued that most of these passengers are 

suburban ones. In the field of buses there is not a clear difference between local, suburban 

and regional passengers. Berlin and London do not have interurban bus service in the terms of 

a regional service. In the ranking, after Paris, appears Madrid and at a very long distance 

Barcelona, Munich and Hamburg. 

 

Graph 30. Demand in the global transport system. Passengers 
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The global demand of passengers in the five types of categories is led by Paris and London, at a 

similar level, followed at a long distance by Berlin, Madrid, Munich, Barcelona and Hamburg. The 

average city has 2.083 million passengers per year, and only two cities, the big agglomerations, are 

above of this value. 

Next, the demand data are presented in terms of passenger-km which emerge based on the 

average length of trips in different cities. 

 

 

Table 9. Demand for mode of transport and city.  Passengers-km 

 

 

Table 10. Average trip per passenger for mode of transport and city, km 

 

The longest average trip takes place in Madrid and the shortest in Berlin, which matches quite well 

with the concept of a city-region, a little bit isolated, regarding other German agglomerations. 

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 1.440 12.081 140 8.188 0 21.848

Paris 19.615 7.714 913 864 4.257 33.363

Madrid 3.323 3.583 49 1.462 3.810 12.227

Barcelona 3.409 2.135 83 918 628 7.173

Berlin 907 5.800 596 1.445 0 8.748

Hamburg 825 3.014 0 659 440 4.938

Munich 936 4.211 333 540 450 6.471

Average City 4.351 5.506 302 2.011 1.369 13.538

Pax-km (milion)

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 6,2 8,2 5,2 3,5 0,0 5,4

Paris 13,6 5,1 3,2 2,6 3,9 7,1

Madrid 18,0 6,1 3,1 3,4 17,0 8,5

Barcelona 23,1 5,0 3,1 3,2 8,5 7,5

Berlin 19,2 6,0 3,1 3,3 0,0 5,3

Hamburg 20,7 6,0 0,0 3,1 10,0 6,2

Munich 23,4 6,6 2,8 2,8 10,0 6,3

Average City 14,3 6,3 3,2 3,4 6,5 6,5

Average trip per passenger (km)
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Graph 31. Demand in the global transport system. Passengers-km 

The graph above shows the good position of Paris. Compared with the demand in terms of just 

passengers, when it is measured in terms of passenger-km it is still better, with a remarkable 

increase of the gap with the second one in the list, London. This is due to the fact that the average 

trip of passengers in Paris is higher than in other cities. Naturally, there is a certain proportion 

between the size of the agglomeration/city and the average trip of its residents. 

 

3.2.2. Cost per passenger 

Next table indicates the cost per passenger of each mean of transportation. The most relevant cost 

is not the absolute cost of each trip but the cost per unit expressed in terms of EUR / passenger-km. 

 

 

Table 11. Cost per passenger-km for mode of transport and city. EUR/passenger-km 

 

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 0,28 0,19 0,28 0,36 0,00 0,26

Paris 0,11 0,18 0,16 0,35 0,18 0,14

Madrid 0,11 0,29 2,37 0,36 0,19 0,22

Barcelona 0,11 0,20 0,28 0,51 0,33 0,21

Berlin 0,39 0,13 0,28 0,38 0,00 0,19

Hamburg 0,17 0,12 0,00 0,47 0,10 0,17

Munich 0,17 0,08 0,21 0,32 0,29 0,13

Average City 0,13 0,17 0,27 0,38 0,20 0,19

Cost / pax-km (€)
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Next graphs show the differences among cities depending on the means of transportation. 

      

     Graph 32. Cost per passenger-km in suburban rail               Graph 33. Cost per passenger-km in metro 

In the case of suburban train costs, Berlin stands out for its high value. Maybe it is due to the fact 

that it is not a very frequented service. Apart of this case, and that of London, which is not very 

representative due to the low level of service done in the British capital under the umbrella of TfL, 

the rest of cities are aligned with similar values.  

The case of the metro is different. In this scheme Madrid stands out for its high cost per unit. This 

fact is related to the relative low level of occupation of the new lines built out of the administrative 

borders of the city of Madrid.  The rest of cities can be divided into two groups. First group: those 

that have an intermediate cost per unit. Here it is Barcelona, Paris and London. And second, those 

cities with a low level of cost, the German ones: Berlin, Hamburg and Munich. This is due to the 

high level of use of the metro network. Very remarkable is the case of Munich whose case will be 

discussed in depth later. 

    

     Graph 34. Cost per passenger-km in tramway                          Graph 35. Cost per passenger-km in urban bus 

When it comes to the tram cost per unit, cities may be classified in two categories of cities: Madrid 

and the rest of cities. Madrid appears with a very high cost per unit, ten times higher than the 

average city.  This is due to the low level of use of its trams.  The lower cost is that of Paris and, 

again, it must be explained by the very high use of the tramway network in the French capital. 
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As it regards the cost per unit of the urban bus, the best case is Munich and the worst Barcelona, 

which has a cost 30% higher than the average. High wages, a lower use of the network, short 

mileages and low speeds of circulation are normally the facts that tend to produce these poor 

results. 

 

Graph 36. Cost per passenger-km in interurban bus 

When we talk about the interurban bus cost per unit, the worst case is again Barcelona and the 

better is Hamburg. The facts that may explain these results usually are the low level of use of those 

services.  

 

Graph 37. Cost per passenger-km in the global PT network 

On average, over the whole PT network, the higher level of cost per unit is done in London, and the 

lower in Munich, followed at a very short distance by Paris. The rest of cities are placed at the same 

level than the average city. The higher is the rail usage use in city, lower is its costs as a whole. So it 

seems to be clear that the share of rail usage, higher or lower, is the main factor to explain the 

differences among cities. 
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3.2.3. Energy per trip 

The energy spent per passenger-km has also been calculated. This is a very relevant parameter 

since it affects the core of the sustainability.  Data on such topic are the next: 

 

Table 12. Energy spent (kWh/passenger-km) 

 

 

Next graphs show the differences among cities and system of transportation. 

 

   

     Graph 38.Energy spent suburban rail (kWh/pax-km)       Graph 39. Energy spent metro (kWh/pax-km)   

In the field of suburban rail service most cities are placed around the average city, but the German 

cities have a higher value. The maximum is Berlin due the scarce use of such kind of trains. As a 

whole, the energy consumption per unit is very low, 0,06 kWh / passenger-km, which is the half of 

the energy consumption in metro services. This is normal since the level of consumption is very 

influenced by the distance between two stations which is higher in the case of suburban rail 

services. The consumption per unit is also very influenced by the rate of occupation. So, lower 

occupations, like in the case of Madrid, mean as well higher level of consumption. 

 

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 0,08 0,09 0,08 0,36 0,00 0,19

Paris 0,04 0,10 0,06 0,34 0,44 0,11

Madrid 0,06 0,17 1,11 0,42 0,23 0,19

Barcelona 0,06 0,14 0,13 0,57 0,58 0,19

Berlin 0,25 0,15 0,15 0,38 0,00 0,19

Hamburg 0,12 0,12 0,00 0,47 0,18 0,17

Munich 0,12 0,16 0,39 0,48 0,10 0,18

Average City 0,06 0,12 0,12 0,39 0,36 0,16

Spent Energy per unit (kWh / passenger-km)
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     Graph 40.Energy spent tram (kWh/pax-km)            Graph 41. Energy spent urban bus (kWh/pax-km)   

Regarding the energy consumption in trams Madrid is standing out due, as told, to its lower level of 

usage of such mean of transportation. As a whole, the average energy consumption in tram has the 

same value than in metro services. This feature could be a surprise but it is not. In trams services 

the single consumptions are those of traction and on the contrary, in metro services there are 

much other consumption linked to the energy facility needs.  

 

Graph 42.Energy spent interurban bus (kWh/pax-km) 

As far as the energy consumption in interurban bus services is concerned, there are great 

deviations from the average value. This is du, not to a different efficiency of vehicles traction , but 

to its different level of vehicles occupation. 
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Graph 43.Energy spent whole PT network (kWh/pax-km) 

 

As a whole, the most efficient PT system is that of Paris, in unitary terms: long distance trips, high 

rate of rail usage…, induces to this.  In the comparison among means of transportation, the energy 

consumption per unit in metro is the half than in tram and juts means the 15% of the energy 

needed to move a passenger in the same distance. 

 

3.2.4. Occupancy 

The occupation is defined as the quotient between the demand, defined by the number of 

passenger-km, and the supply, defined by the number of coach-km. This parameter defines very 

well the social profit got by PT exploitations and represents the average occupation of the network 

during the whole day. 

 

Table 13. Occupancy for mode of transport and city. (passenger-km/Coach-km)  

 

Suburban Rail Metro Tramway Urban Bus Interurban Bus Total

London 30,2 20,3 46,1 16,6 0,0 19,1

Paris 40,4 30,4 76,1 20,5 13,8 30,0

Madrid 22,9 20,2 3,9 16,5 22,0 20,1

Barcelona 28,1 21,9 33,2 12,1 10,7 20,2

Berlin 10,4 14,8 30,2 16,2 0,0 15,4

Hamburg 22,4 19,5 0,0 13,1 33,8 19,4

Munich 23,4 18,1 40,4 16,6 12,2 20,7

Average City 31,6 20,2 36,4 16,2 16,3 21,6

Occupancy (pax-km/Coach-km)
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         Graph 44. Occupancy for suburban rail                  Graph 45. Occupancy for metro 
      (passenger-km/Coach-km)            (passenger-km/Coach-km) 

 

As it has been previously stated, Paris has the highest level of suburban rail use and Berlin the 

lowest. There is a scale of 4 to 1 between these two cases. The rest of cities are placed in an 

intermediate position. Remarkable is the data that six cities –all out of Paris- are below of the 

average city. This fact shows the potential of increasing the use of suburban trains in those six cities. 

The same patron of suburban rail behavior appears in the occupancy rate of metro, but the 

differences among cities are not so intense like in the previous case. Five cities are placed at the 

same level than the average city. Distance between the worst and the better case has been 

reduced to 2 to 1 instead of the previous 4 to 1. 

   

         Graph 46. Occupancy for tramway           Graph 47. Occupancy for urban bus 
      (passenger-km/Coach-km)    (passenger-km/Coach-km) 

 

In the case of tramways the differences grow back again.  Paris has a level of tram occupancy which 

is 20 times higher than Madrid, but the rest of five cities --since Hamburg has no tram-- remain at a 

similar level, aligned with the average city. 
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Less differences are found when we talk about the urban bus occupancy. Except Barcelona and 

Hamburg, the other cities are placed at the level of the average city. Paris shows that there may be 

a path to grow for cities with lower usage rates of urban buses. 

 

Graph 48. Occupancy for interurban bus 

(passenger-km/Coach-km) 

 

In the case of interurban buses, Hamburg is the better case and Barcelona the worst. There are 

quite differences among cities 

 

Graph 49. Occupancy for the global PT network 

(passenger-km/Coach-km) 

 

As a whole, the better city regarding its level of occupancy rate is Paris and the worst Berlin, even 

though there are not many differences among cities, since the majority of them are placed at the 

same level of the average city. 
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3.2.5. Density of usage of the network 

The density of use of network is defined as the quotient between the demand, measured in terms 

of passenger-km, and the length of the PT network in km. 

The provided data based on this statistic are less relevant than the others parameters, since having 

a long network in the PT in a city does not necessarily mean having a very powerful network. Due 

to that the figures are just commented in the results of the global network. 

 

Table 14. Density of usage for mode of transport and city. (passenger/km network)  

 

    

         Graph 50. Density of usage for suburban rail   Graph 51. Density of usage for metro  
      (passenger/km Network)     (passenger/km Network) 

 

 

Suburban Rail Metro Tramway Urban Bus Interurban Bus Total

London 1,160 3,280 0,964 0,356 0,000 0,563

Paris 0,764 7,098 2,741 0,553 0,229 0,617

Madrid 0,472 2,049 0,441 0,280 0,027 0,135

Barcelona 0,225 2,978 0,921 0,127 0,006 0,061

Berlin 0,231 2,402 1,013 0,255 0,000 0,658

Hamburg 0,062 2,004 0,000 0,228 0,003 0,054

Munich 0,141 1,206 1,451 0,390 0,009 0,165

Average City 0,500 2,686 1,421 0,300 0,034 0,225

Pax / km network (milion)
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         Graph 52. Density of usage for tramway    Graph 53. Density of usage for urban bus  
      (passenger/km Network)     (passenger/km Network) 

 

 

Graph 54. Density of usage for interurban bus 
(passenger/km network) 

 

 

Graph 55. Density of usage for the global PT network  (passenger/km network) 
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As far the length of the network is concerned, great differences are appreciated among cities; the 

highest values are those of Madrid and the poorest appear in Hamburg and Barcelona, with a range 

of 10 to 1 between these values. It is clear that this does not mean than the cities with the highest 

score has a more frequented network, but what it means is that in these cities there is a shorter 

network. 

Data on the length of each PT network are the next: 

 

Table 15. Length (km) of PT network, by mode of transport and city  

 

In the next graph the length of the PT network of each city is presented. The longest network is 

Barcelona and the shortest Berlin. This is because Barcelona’s suburban rail network reaches the 

Pyrenees in the French border, even though not many users of the so-called Cercanias trains use 

this rail system out of the metropolitan region, and, as in the same case of Hamburg, interurban 

bus network has an enormous capillarity and therefore many routes, some of them with poor 

figures of passengers. 

 

Graph 56. Length of PT network, by mode of transport and city. Km 

 

Suburban Rail Metro Tramway Urban Bus Interurban Bus Total

London 200 447 28 6.500 7.175

Paris 609 325 67 1.997 6.266 9.264

Madrid 391 289 36 1.534 8.447 10.696

Barcelona 656 143 29 2.229 12.685 15.742

Berlin 205 403 191 1.694 2.492

Hamburg 642 251 927 13.096 14.916

Munich 283 529 82 495 4.872 6.261

Average City 609 325 67 1.997 6.266 9.264

Length (km)
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Next table represents the rate of coverage of operational costs by current incomes. 

 

 

Table 16. Rate of Coverage of costs operation by regular incomes 

German cities trend to have balanced accounts, outstanding in that purpose the city of Munich in 

which thanks to its high productivity the local operator even can return money to the city. In this 

topic the worst case is Madrid, (coverage of 39%) due to the low level of occupancy (and therefore 

incomes) in some metro lines out of the center city and in all tramways lines. Barcelona is placed in 

a mid-term, 50% of coverage, while Paris is placed at a level of 57% and London in higher position, 

85%.  

  

Rate of 

Coverage of 

expenses

Suburban Rail Metro Tramway Urban Bus
Interurban 

Bus
Total

London 81% 90% 69% 65% 76%

Paris 35% 61% 105% 66% 100% 57%

Madrid 47% 46% 10% 46% 23% 39%

Barcelona 50% 64% 61% 43% 32% 50%

Berlin 31% 106% 103% 103% 90%

Hamburg 82% 138% 83% 86% 107%

Munich 69% 198% 185% 150% 35% 139%

Average City 45% 85% 91% 69% 58% 69%
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4. Efficiency of Public Transport Network 

Long time has been invested in thinking and talking about the concept of efficiency of a Public 

Transport Network. In this report the concept of efficiency is measured by two parameters. 

A) Catchment of passengers (attraction of a PT system) 

 

B) A function that merges the 3 main parameters related to the efficiency when transporting 

passengers: speed, cost per unit and energy consumption. 

 

A) Catchment of passengers 

This is aN easy parameter to be calculated. It is the quotient between the yearly passenger demand 

and the population living inside of the area of PT governance. 

 

Table 17. Main features of the metropolitan areas  

As told, data are calculated taking into account the area of governance of PT in each city. They are: 

London (TfL), Paris (STIF), Madrid (CRTM), Barcelona (ATM), Berlin, (land), Hamburg (land) and 

Munich (MVV). 

 

Table 18. Main territorial parameters regarding PT demand and supply in metropolitan areas  

These figures are represented in the next graphs. 

Inhab Surface (km2)
Density 

(inhab/km2)

London 8.817.300 5.618 1.569

Paris 12.246.234 12.012 1.020

Madrid 6.587.711 8.022 821

Barcelona 4.747.035 2.464 1.926

Berlin 3.613.495 892 4.052

Hamburg 1.830.584 755 2.424

Munich 2.899.000 5.530 524

Average City 5.820.194 5.042 1.154

AREA OF GOVERNANCE OF PT

Passengers / 

inhab

Passengers-km / 

inhab
Coach-km / 

inhab

London 458 2.478 129

Paris 381 2.724 90

Madrid 219 1.856 91

Barcelona 201 1.511 75

Berlin 454 2.421 163

Hamburg 437 2.698 139

Munich 357 2.232 121

Average City 358 2.326 108

AREA OF GOVERNANCE OF PT
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Graph 57. Yearly demand of PT per inhabitant. Passenger/inhab-year 

 

This is one of the most important graphs and shows that the most efficient cities in catching 

passengers for PT are London, Berlin and Hamburg. The less efficient are the Spanish ones, Madrid 

and Barcelona. Paris and Munich are placed in an intermediate level, at the same range of the 

average city. 

Although the cities of Barcelona and Madrid have a very powerful local PT network, their supply is 

too concentrated in the inner city. Since the regional area in which the assessment has been done 

is quite wide, 8.000 km2 in the case of Madrid and 2.500 km2 in Barcelona, the lack of a 

consistence rail service out of the conurbated area impairs their figures. During so long time 

political messages in Spain have been focused in building metro network that there is a clear lack of 

PT supply beyond the central city, which matches with the conurbated and metro/tram area. 

 

Graph 58. Yearly demand of PT per inhabitant. Passenger-km/inhab-year 

 

When the analysis is made based on passenger-km instead of passengers, the shape of the graph 

changes softly. The gap between the best and worst case decreases. The best now is Paris, followed 

by Hamburg and London, which falls to third place. In passenger terms the quotient between the 
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first and the last one was 2.3 and now is 1.8 in terms of passenger-km. The Spanish cities are placed 

again at the bottom of the classification. 

 

 

Graph 59. Yearly supply of PT per inhabitant. Coach-km/inhab-year 

 

As it comes to supply, Berlin is leading the ranking of provided PT in terms of coach-km / 

inhabitant-year, followed by Hamburg, London and Munich. Barcelona is again the last one. 

B) Cost and the energy efficiency function 

To assess the cost and the energy efficiency of the metropolitan transport scheme, a new efficiency 

function has been defined. At the moment this new function will be called as PT Function, or 

Munich’s function, in tribute to this Bavarian city which scores the highest value. 

This function is defined as follows: 

 

PT Function = S / (C*E) 

 

Where S = Speed (km/h); C = cost per unit (EUR/coach-km); E = Energy consumption per unit 

(kWh/coach-km).  

  



37 
 

The values of this efficiency for each city are the next: 

 

Table 19. PT Function values for each metropolitan area  

These values may be expressed in relative values taking London as the lowest and Munich the 

highest 

 

Table 20. PT Function values expressed in relative values (London =1, the lowest)  

 

Graph 60. PT Function (S / (E * C ))  for each city. 
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There are big differences among values. As told the highest score is for Munich, followed at a very 

short distance by Berlin. Hamburg is the third one, while London closes the ranking. 

It has been observed that this efficiency function is very well correlated with some other 

parameters related to the efficiency.  Those are rails share, speed and energy consumption per unit. 

 

Table 21. Correlation of the PT Function with other parameters  

PT Function shows a very high correlation with the average rail share and also the speed. In other 

words, the PT Function shows that the higher is the use of rail, higher is also the efficiency of its PT 

scheme. 

While London has a bad score due to its high share of bus usage (43%), Munich gets the best score 

thanks to its high rail share (80%). 

We can conclude by saying that these two parameters, catchment of passengers and the Function 

PT (or Munich’s Function) describes very well the efficiency of PT scheme as a whole and may guide 

us on which should be the roadmap of PT authorities in cities in the coming years for getting a 

more attractive and sustainable PT scheme. 

A final and summarized function to assess the global efficiency of PT networks is defined by adding 

these two parameters, catchment and PT Function, through a simply algebraic function. 

It is not really easy to assign a weight to each one of these two parameters. This report bets on a 

weighting of 2 to 1. The catchment weighs the double than the PT Function. This choice is based on 

the principle that the success of public policy in favour of sustainable goals is catching passengers 

and the second goal consists in that these passengers travel in the most sustainable way. Having 

set this summary function, next results are got. 

 

Table 22. Catchment and PT Function coefficients  
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Values of this table have been obtained as follows: 

The catchment and PT Function columns indicate the quotient between the respective value of a 

given city and the city with the lowest value which is Barcelona in the case of catchment and 

London in the PT Function. 

The results are showed in the next graph. 

 

 

Graph 61. Final Efficiency PT 

 

According with this classification Berlin is the best city in the purpose of catching passengers and 

doing it in the most sustainable way, followed at a short distance by Munich and Hamburg, and 

followed at a certain distance by Paris and London and the Spanish cities, Madrid and Barcelona, 

which are closing the ranking and are the worst. 
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5. Conclusions and recommendations 

Conclusions 

 

1. The survey shows that cost per passenger-km in metro services is the half than in buses 

and 2/3 of a tram trip. A trip made in tram cost 70% of what costs in a bus. 

 

2. Energy consumption per unit in metro is the half than in tram and just means the 15% of 

the energy needed to move a passenger with a bus in the same distance. 

 

3. Leaving aside the needed social analysis when providing new rail lines or increasing the 

capacity of the exiting ones, it is clear than the higher is number of share rail in terms of 

demand and supply; higher also is its efficiency. Traditional parameters linked to rail, like 

speed, low energy consumption per passenger and lower costs per passenger are 

confirmed by the success when dominant rail schemes are provided in the assessed cities. 

 

4. Investments in providing new PT infrastructures and in improving the current services 

should be spread all over the whole metropolitan territory instead of being concentrated 

in the center of cities. The case of the Spanish cities shows that despite huge investments 

in the metro network in the inner city, the result on the whole metropolitan area is quite 

poor. 

 

5. The electrification of buses will also contribute to make the PT schemes more sustainable 

and these buses for sure will be more used due to the increase of comfort (attractiveness) 

in a trip which is made under electric traction basis. The energy consumption of a bus 

when it is 100% electric decreases dramatically regarding a bus with thermic engine. Next 

graph shows the different consumptions depending on the traction over the fleet of TMB 

(Transports Metropolitans de Barcelona). It is clear that an electric bus spends 80% less 

energy than a diesel bus, 83% less than a Natural Gas bus, 77% less than a hybrid bus, and 

the half of a H2 bus based on fuel cells engine. 

 

Graph 62. Energy consumption per unit and type of traction in buses. kWh/100 km 
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6. When PT fleets are fueled with renewable electricity, which is the case of Spanish rail and 

metro systems, the contribution of their passengers to climate change is zero. 

 

7. Trams have higher energy efficiency than buses. The good results obtained by Munich and 

Berlin show that in urban corridors with many buses, shifting from a bus scheme to a tram 

one may be a good alternative to be evaluated. 

 

 

Recommendations for each city  

A first general recommendation for all cities may be given. Nowadays, the topic of the climate crisis 

in Europe is arising in a strong way. This new scenario must be t must be used to impose more 

ambitious objectives on the growth of the figures of passengers in local public transport networks. 

A second general recommendation could be provided for all cities, which is the potential of 

increasing suburban rail trips as it has been showed in the case of Paris. 

A third recommendation for all cities is analyzing in a deep way their Efficiency Function, as it has 

been defined in this report, and compare their supply with those which get better scores. 

London 

Londoner authorities should consider the possibility of setting up a tram network in axes with 

frequent buses. The efficiency of trams, its higher speed, its major capacity and its attractiveness 

will decrease operation cost and energy consumption in such corridors. London’s PT operation 

costs should be reduced in the coming years. 

Paris 

Not any specific recommendation is made for Paris. Some years ago the city decided to enlarge the 

urban/suburban rail system, based on a Rapid metro, extensions of the current metro network and 

new tram lines which will increase the capacity of transportation of the city, will increase the speed 

and decrease the energy consumption per unit. 

These projects should lead Paris to increase its supply by at least 20% to reach the average supply 

level of the other cities. 

Madrid 

Apart of Barcelona, Madrid is the city which scores worst. The main goal of its transport policy 

should be trying to increase the occupation of tram lines, and metro lines beyond of the inner city. 

In parallel, city should plan substitution of some main suburban bus axes by rail or cutting some 

direct bus lines to the center city and replacing such accesses by a combination of a mixt bus-rail 

scheme. The main goal of Madrid should be increasing the public transport use out the 

administrative borders of Madrid. 
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On the other hand the low figures achieved by Madrid (and as well Barcelona) in the item “density 

of use” show that an update of design of the transport network should be done making it more 

congruent and hierarchical. 

Madrid should increase its supply by at least 20% to reach the average supply level of the other 

cities. 

Finally, Madrid PT should improve its incomes in order to relieve their finances to get more 

resources for investments. Flas rates in this purpose are crucial. 

Barcelona 

Barcelona is the city which is scoring poor in the global PT function. This is a consequence, not of its 

metro and tram scheme, which is really brilliant, but a lack of efficient transport scheme out of the 

conurbation area of Barcelona. So, the suggestion is to set up a real integrated rail scheme in the 

second and third crown of the metropolitan region taking advantage of the existing, but not yet 

physically integrated, rail scheme. The Metropolitan Region of Barcelona needs to increase its PT 

Supply by 40% in the next decade, in order to achieve the averages of PT supply in the other 6 cities. 

In this surrounding area, a lot of people are living there and they do not have a consistent rail 

schemes. In the inner city the opening of the central section of metro line 9 and the link of both 

trams along the Avinguda Diagonal will also contribute to improve its current poor position in this 

comparison. Metro Barcelona should intensify its frequency services in order to catch many people 

that today are moving with private modes. In fact, Barcelona is the city with the lowest metro 

service per km of network and there is room for improvement, which, on the other hand, is on the 

company's roadmap. 

Interurban buses should try to increase their level of occupancy. 

Barcelona should increase its supply by at least 40% to reach the average supply level of the other 

cities. 

As mentioned in the Madrid’s comment, low figures achieved by Barcelona (and as well Madrid) in 

the item “density of use” show that an update of design of the transport network should be done 

for making it more congruent and hierarchical. 

Finally, Barcelona PT should improve its incomes in order to relieve their finances to get more 

resources for investments. Flat rates in this purpose are crucial. 

Berlin 

As a whole, Berlin has the lowest level of occupancy in their PY supply, which indicates that there is 

still a long capacity to attract new users.  

But apart of that general recommendation, not any specific one is made for Berlin. Year by year the 

growth of the tram network to the western side is constant and it is a good signal that city has a 

good roadmap. 

Hamburg 
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The main recommendation that could be given to Hamburg is considering the introduction of a 

tram system in the city. As said in the case of London, in main axes trams is a better option than 

buses in terms of spent energy and attractiveness for passengers. 

Munich 

Interurban buses should try to increase their level of occupancy. 

Not any specific recommendation is made for Munich. The Bavarian capital has a very good PT 

scheme; it is very efficient and even provides money, in return, to the city. 
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Annex 1. Collected data of each city 

The collected data for each city and the transportation parameters are presented below. 

London 

The raw data for each type of service are: 

 

Table 23. London’s data 

which grouped by the 4 categories of data presentation, since in London interurban buses are not 

included in the analysis, are the next: 

 

Table 24. London’s data.(2) 
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Paris 

The raw data for each type of service are: 

 

Table 25. Paris’ data 

 

which grouped by the 5 categories of data presentation, are 

 

Table 26. Paris’ data (2) 
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Madrid 

The raw data for each type of service are: 

 

Table 27. Madrid’s data 

which grouped by the 5 categories of data presentation, are 

 

Table 28. Madrid’s data (2) 
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Barcelona 

The raw data for each type of service are: 

 

Table 29. Barcelona’s data 

 

which grouped by the 5 categories of data presentation, are 

  

Table 30. Barcelona’s data (2) 
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Berlin 

The raw data for each type of service are: 

 

Table 31. Berlin’s data 

which grouped by the 4 categories of data presentation, since there are no interurban buses, are 

the next 

 

Table 32. Berlin’s data (2) 
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Hamburg 

The raw data for each type of service are: 

 

Table 33. Hamburg’s data 

which grouped by the 4 categories of data presentation –there is no tram service-, are 

 

Table 34. Hamburg’s data (2) 
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Munich 

The raw data for each type of service are: 

 

Table 35. Munich’s data 

 

which grouped by the 5 categories of data presentation, are 

 

Table 36. Munich’s data (2) 
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Annex 2. Data grouped by each mode of transportation 

 

 

Table 37. Suburban rail data 

 

Table 38. Metro data 

 Suburban Rail Supply

Coach-hour
Coach-km 

(milion)

Network 

Length (km)

Energy 

(GWh)

Unit consumption 

(kWh/coach-km)

Unit consumption 

(kWh/pax)

Unit consumption 

(kWh/pax-km)

Speed 

(km/h)

Yearley Cost 

(M€)

Cost / Coach-

km (€)

London 126 48 200 112 2,35 0,48 0,08 50,0 398 8,4

Paris 0 485 1.886 757 1,56 0,53 0,04 47,0 2.156 4,4

Madrid 1.127 145 391 203 1,40 1,10 0,06 44,5 352 2,4

Barcelona 136 121 656 200 1,65 1,35 0,06 50,1 381 3,1

Berlin 87 87 205 226 2,32 4,79 0,25 60,0 352 4,0

Hamburg 37 37 642 96 2,60 2,39 0,12 60,0 138 3,8

Munich 40 40 283 104 2,60 2,60 0,11 60,0 162 4,0

Average City 0 138 609 243 1,76 0,80 0,06 48,9 563 4,1

 Suburban Rail Demand

Passenger 

(milion)

Average route 

per passenger 

(km)

Pax-km 

(milion)

Incomes 

(M€)
Cost/pax-km (€) Cost/pax (€)

Income/pax-km 

(€)

Income / pax 

(€)

Occupancy 

(pax-

km/Coach-km)

Pax /km 

Network 

(million)

London 231 6,2 1.440 323 0,28 1,72 0,22 1,40 30,2 1,160

Paris 1.440 13,6 19.615 747 0,11 1,50 0,04 0,52 40,4 0,764

Madrid 185 18,0 3.323 167 0,11 1,90 0,05 0,90 22,9 0,472

Barcelona 148 23,1 3.409 191 0,11 2,58 0,06 1,30 28,1 0,225

Berlin 47 19,2 907 108 0,39 7,44 0,12 2,28 10,4 0,231

Hamburg 40 20,7 825 114 0,17 3,46 0,14 2,84 22,4 0,062

Munich 40 23,4 936 112 0,17 4,04 0,12 2,81 23,4 0,141

Average City 2.131 14,3 30.455 1.762 0,13 1,85 0,06 0,83 31,6 0,500

 Metro Supply

Coach-hour
Coach-km 

(milion)

Network 

Length (km)
Energy (GWh)

Unit 

consumption 

(kWh/coach-

km)

Unit 

consumption 

(kWh/pax)

Unit 

consumption 

(kWh/pax-

km)

Speed (km/h)
Yearley Cost 

(M€)

Cost / Coach-

km (€)

London 692 595 447 1.136 1,91 0,77 0,09 33,1 2.327 3,9

Paris 0 254 214 800 3,16 0,53 0,10 27,0 1.400 5,5

Madrid 2.376 178 289 602 3,39 1,02 0,17 28,8 1.043 5,9

Barcelona 350 98 143 305 3,12 0,72 0,14 29,4 430 4,4

Berlin 392 392 403 876 1,99 0,91 0,15 37,0 729 1,9

Hamburg 155 155 251 372 2,40 0,74 0,12 36,3 372 2,4

Munich 232 232 529 557 2,40 0,87 0,13 38,5 336 1,4

Average City 0 272 325 664 2,44 0,76 0,12 33,0 948 3,5

 Metro Demand

Passenger 

(milion)

Average 

route per 

passenger 

(km)

Pax-km 

(milion)
Incomes (M€)

Cost/pax-km 

(€)
Cost/pax (€)

Income/pax-

km (€)

Income / pax 

(€)

Occupancy 

(pax-

km/Coach-

km)

Pax /km 

Network 

(million)

London 1.466 8,2 12.081 2.085 0,19 1,59 0,17 1,42 20,3 3,280

Paris 1.519 5,1 7.714 850 0,18 0,92 0,11 0,56 30,4 7,098

Madrid 591 6,1 3.583 485 0,29 1,76 0,14 0,82 20,2 2,049

Barcelona 426 5,0 2.135 277 0,20 1,01 0,13 0,65 21,9 2,978

Berlin 967 6,0 5.800 773 0,13 0,75 0,13 0,80 14,8 2,402

Hamburg 503 6,0 3.014 513 0,12 0,74 0,17 1,02 19,5 2,004

Munich 638 6,6 4.211 666 0,08 0,53 0,16 1,04 18,1 1,206

Average City 6.110 6,3 38.539 5.649 0,17 1,09 0,15 0,92 20,2 2,686
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Table 39. Tramway data 

 

 

Table 40. Urban bus data 

  

Tramway Supply

Coach-hour
Coach-km 

(milion)

Network 

Length (km)
Energy (GWh)

Unit 

consumption 

(kWh/coach-

km)

Unit 

consumption 

(kWh/pax)

Unit 

consumption 

(kWh/pax-

km)

Speed (km/h)
Yearley Cost 

(M€)

Cost / Coach-

km (€)

London 35 3 28 12 3,80 0,43 0,08 25,0 39 12,8

Paris 0 12 105 50 4,20 0,18 0,06 18,0 150 12,5

Madrid 185 13 36 54 4,30 3,43 1,11 21,5 116 9,2

Barcelona 46 3 29 11 4,30 0,40 0,13 17,9 23 9,2

Berlin 20 20 191 87 3,95 0,45 0,15 19,0 169 8,6

Hamburg 0 0 0 0 0,00 0,00 0,00 0,0 0 0,0

Munich 8 8 82 38 4,65 0,32 0,12 18,9 71 8,6

Average City 0 8 67 36 4,34 0,38 0,12 19,7 81 9,8

Tramway Demand

Passenger 

(milion)

Average 

route per 

passenger 

(km)

Pax-km 

(milion)
Incomes (M€)

Cost/pax-km 

(€)
Cost/pax (€)

Income/pax-

km (€)

Income / pax 

(€)

Occupancy 

(pax-

km/Coach-

km)

Pax /km 

Network 

(million)

London 27 5,2 140 27 0,28 1,44 0,19 1,00 46,1 0,964

Paris 287 3,2 913 158 0,16 0,52 0,17 0,55 76,1 2,741

Madrid 16 3,1 49 12 2,37 7,34 0,24 0,74 3,9 0,441

Barcelona 27 3,1 83 14 0,28 0,86 0,17 0,52 33,2 0,921

Berlin 194 3,1 596 174 0,28 0,87 0,29 0,90 30,2 1,013

Hamburg 0 0,0 0 0 0,00 0,00 0,00 0,00 0,0 0,000

Munich 119 2,8 333 131 0,21 0,59 0,39 1,10 40,4 1,451

Average City 669 3,2 2.114 516 0,27 0,85 0,24 0,77 36,4 1,421

Urban Bus Supply

Coach-hour
Coach-km 

(milion)

Network 

Length (km)
Energy (GWh)

Unit 

consumption 

(kWh/coach-

km)

Unit 

consumption 

(kWh/pax)

Unit 

consumption 

(kWh/pax-

km)

Speed (km/h)
Yearley Cost 

(M€)

Cost / Coach-

km (€)

London 6.780 493 6.500 2.982 6,05 1,29 0,36 15,2 2.987 6,1

Paris 0 42 597 292 6,94 0,89 0,34 14,0 302 7,2

Madrid 1.908 89 1.534 609 6,88 1,42 0,42 13,4 534 6,0

Barcelona 1.448 76 2.229 525 6,92 1,86 0,57 16,6 471 6,2

Berlin 89 89 1.694 549 5,49 1,27 0,38 19,5 544 6,1

Hamburg 50 50 927 310 5,50 1,46 0,47 18,6 307 6,1

Munich 32 32 495 200 6,16 1,04 0,37 18,1 173 5,3

Average City 0 124 1.997 781 6,27 1,30 0,39 15,6 760 6,1

Urban Bus Demand

Passenger 

(milion)

Average 

route per 

passenger 

(km)

Pax-km 

(milion)
Incomes (M€)

Cost/pax-km 

(€)
Cost/pax (€)

Income/pax-

km (€)

Income / pax 

(€)

Occupancy 

(pax-

km/Coach-

km)

Pax /km 

Network 

(million)

London 2.314 3,5 8.188 1.952 0,36 1,29 0,24 0,84 16,6 0,356

Paris 330 2,6 864 198 0,35 0,92 0,23 0,60 20,5 0,553

Madrid 430 3,4 1.462 247 0,36 1,24 0,17 0,57 16,5 0,280

Barcelona 282 3,2 918 204 0,51 1,67 0,22 0,72 12,1 0,127

Berlin 432 3,3 1.445 562 0,38 1,26 0,39 1,30 16,2 0,255

Hamburg 212 3,1 659 254 0,47 1,45 0,39 1,20 13,1 0,228

Munich 193 2,8 540 261 0,32 0,90 0,48 1,35 16,6 0,390

Average City 4.193 3,4 14.076 3.677 0,38 1,27 0,26 0,88 16,2 0,300
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Table 41. Interurban bus data 

 

 Interurban bus Supply

Coach-hour
Coach-km 

(milion)

Network 

Length (km)
Energy (GWh)

Unit 

consumption 

(kWh/coach-

km)

Unit 

consumption 

(kWh/pax)

Unit 

consumption 

(kWh/pax-

km)

Speed (km/h)
Yearley Cost 

(M€)

Cost / Coach-

km (€)

London 0 0 0 0 0,00 0,00 0,00 0,0 0 0,0

Paris 0 308 4.764 1.882 6,12 1,72 0,44 20,2 783 2,5

Madrid 1.810 173 8.447 892 5,15 3,98 0,23 23,7 710 4,1

Barcelona 882 59 12.685 363 6,19 4,93 0,58 33,7 206 3,5

Berlin 0 0 0 0 0,00 0,00 0,00 0,0 0 0,0

Hamburg 13 13 13.096 80 5,50 1,82 0,18 20,0 46 3,5

Munich 37 37 4.872 207 5,60 4,61 0,46 25,0 130 3,5

Average City 0 84 6.266 489 5,81 2,32 0,36 22,9 268 3,2

 Interurban bus Demand

Passenger 

(milion)

Average 

route per 

passenger 

(km)

Pax-km 

(milion)
Incomes (M€)

Cost/pax-km 

(€)
Cost/pax (€)

Income/pax-

km (€)

Income / pax 

(€)

Occupancy 

(pax-

km/Coach-

km)

Pax /km 

Network 

(million)

London 0 0,0 0 0 0,00 0,00 0,00 0,00 0,0 0,000

Paris 1.092 3,9 4.257 779 0,18 0,72 0,18 0,71 13,8 0,229

Madrid 224 17,0 3.810 166 0,19 3,17 0,04 0,74 22,0 0,027

Barcelona 74 8,5 628 65 0,33 2,80 0,10 0,89 10,7 0,006

Berlin 0 0,0 0 0 0,00 0,00 0,00 0,00 0,0 0,000

Hamburg 44 10,0 440 39 0,10 1,04 0,09 0,89 33,8 0,003

Munich 45 10,0 450 45 0,29 2,89 0,10 1,00 12,2 0,009

Average City 1.479 6,5 9.585 1.094 0,20 1,27 0,11 0,74 16,3 0,034


