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Estimating the number of passengers �ying between the 
corridor cities required creation of a database on average 
seat capacity, emissions and model codes for approximately 
40 commonly used medium range aircraft. Next, load factor 
estimates were made for each city pair (load factor is the 
number of passengers carried divided by the number of 
seats). Finally, it was necessary to estimate how many 
passengers were connecting to/from other �ights on the 
route. Estimating the number of connecting passengers 
was particularly important for major airline hub cities.

The number of daily air passengers in the corridor was 
calculated by multiplying the number of daily �ights by 
the appropriate values from the aircraft database, city 
pair load factors and connecting passenger factors. To 
be conservative, the number of daily �ights was based on 
the maximum number of �ights operated on any weekday 
(often fewer �ights are operated on low demand days).

This process was used to determine the average daily 
number of �ight passengers between each city in the 
boarding and the arrival areas of all corridors for the year 
2012. These data were then used as input for the 2025 
forecast, which was estimated using the commonly ac-
cepted annual tra�c growth rate published by Airbus.5 

A risk analysis was performed on the estimation of daily 
corridor passengers. The analysis was designed to identify 
the robustness of the assumptions and therefore the �nal 
results. The analysis includes a variation of the variables 
e.g. number of �ights per week, connection rate as well as 
the growth rate for the projection of the rate to 2025. The 
results of the applied Monte Carlo Simulation show all in 
all robust results.

Finally, the number of daily air passengers was used to 
calculate the air passenger substitution rate. This rate is 
de�ned as the percentage of corridor air travellers that 
need to shift to night train service to achieve a pre-de�ned 
utilization rate of train capacity (75% in this case).

The air passenger substitution rate provides a good estima-
tion of corridor reasonableness, but since no cost aspects 
are captured by this approach, an additional economic 
feasibility analysis was done to calculate the minimum load 
factor needed for economic operation. The next chapter 
presents results of this economic feasibility analysis.

5 Airbus (2012): Navigating the future. Global market forecast 2012-2031. 
Blagnac.

4 Economic feasibility analysis
This section summarizes results of the economic feasibility 
analysis and presents a case study describing how the 
potential analysis was completed for the Madrid-London 
Corridor. The economic feasibility analysis consists of two 
parts: an analysis of costs and an assessment of the busi-
ness case for VLDNT based on comparing rail to air costs.

4.1. Cost analysis

The cost analysis consisted of four steps. First, the 2012 
unit costs were determined. Next, the costs for operating 
each of the corridors were estimated. Third, the 2012 costs 
were projected to 2025. Finally, a risk analysis was completed 
to help verify the assumptions and results. 
The cost analysis was only completed for the European cor-
ridors. This was due to the greater availability of data on 
European costs and especially on the availability of infrastruc-
ture charge data. Estimating the costs for other regions would 
have required making many assumptions and would have 
led to cost estimates with a relatively low level of accuracy. 
Once the costs of VLDNT had been estimated for 2012 and 
2025, these costs were compared to airline costs to assess 
the business case (presented in Section �Business Case�).

Unit cost estimation
The unit costs for rail were generally based on previous UIC 
studies6 complemented by consultant assumptions. The cal-
culation of unit costs used the categories train ownership, 
maintenance and cleaning, energy, operating personnel 
and the infrastructure.

6 UIC Study �Relationship between rail service operating direct costs and 
speed� (12/2010) http://www.uic.org/IMG/pdf/report_costshs.pdf | Costs 
for workshops are not applied due to the small amount as illustrated in the 
study.  2 UIC study on railway infrastructure charges in Europe (11/2012)

Costs per available seat-kilometre, Case EUROPE: Madrid�London 
[EUR-Cent per seat-kilometre, 2012]
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The cost analysis used an HSR day train (200m train length 
and 500 seats) as a basis since, although a comparable night 
train is already being used in China (Bombardier ZEFIRO 
250 Sleeper), no cost data for this HSR night train were 
available and no other HSR night trains exist. The HSR day 
train costs were adjusted to estimate the costs for night 
trains in simple or traditional versions. The night trains 
were assumed to be similar to existing night trains: 400m 
train length with 102 seats, 400 couchette berths and 13 
luxury beds. A key cost di�erence between light and tra-
ditional night trains is in maintenance and cleaning costs.

Several assumptions were needed to estimate infrastructure 
costs due to the wide ranges of costs within and between 
countries. Here, track access charges per section were 
de�ned and then summed to calculate a weighted average 
value (distance) for each corridor analysed.

The study used easyJet as a comparable means of transport. 
EasyJet�s exclusive operation of medium-haul �ights as well 
as its practice of operating to/from airports close to the 
city centres makes it a good choice for the comparison. The 
cost per available seat-kilometre for easyJet is 5.14 EUR�
cent7 not including marketing and sales costs (which were 
also not included in the rail costs).

2012 Corridor costs
The total costs for operating VLDNT service in a corridor 
were estimated for the year 2012 by applying the unit 
costs to the appropriate corridor data. These costs were 
then divided by distance and seats to calculate a cost per 
available seat-kilometre. This was done for seven corri-
dors in Europe.

7  Source: Business report easyJet 2011

Table 1 summarizes the costs for track access charges for 
several key European corridors. As shown the costs of op-
erating VLDNT on some corridors are relatively high. The 
high track access charges range between 40% and 60% of 
total costs.

For example, the share of track access charges for the 
Madrid-London corridor is 60%, based on an average track 
access charge of 21 EUR per train-kilometre and a line 
distance of 2,200 kilometres. The long distances travelled 
by VLDNT are especially responsible for the high charges.

2025 Corridor costs
The next step in the analysis consisted of projecting the 
2012 costs to 2025. The projection was done considering 
four cost categories: energy, vehicle, sta� and infrastruc-
ture. The projection was done for both night trains and 
airlines. The projections were made using assumptions 
developed by the Consultant based on published values in 
international sources. The same projection factors were 
used for rail and air in the vehicle and infrastructure cate-
gories, di�erent projection factors were used in the case 
of energy and operating sta�.

Corridor Route Travel  
Distance 

[km]

Total costs

[EUR-Cent/  
seat-km]

Track Access 
Charges (TAC) 

[EUR-Cent/  
seat-km]

Share of TAC  
on total costs

Average Track  
Access Charges 

(TAC) 
[EUR / train-km] 

North Corridor 1: London � Hamburg 1.500 7,74 4,27 55% 22

North Corridor 2: London � Berlin 1.500 7,75 4,07 54% 21

West Corridor 1: Madrid � London 2.200 6,95 4,07 59% 21

West Corridor 2: Madrid � Amsterdam 2.200 5,59 2,72 49% 14

Europe Corridor 1: Amsterdam � Rome 1.800 5,49 2,33 42% 12

Europe Corridor 2: London � Rome 1.800 7,43 4,27 57% 22

South Corridor: Madrid � Rome 2.200 4,62 1,75 38% 9
most economic route of the considered corridors

Table 1: Share of Track Access Charges on Total costs on European corridors

Track access charges are by far the biggest cost driver and 
prohibit competitive VLDNT o�ers
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Using the assumed projection factors on the Madrid-Lon-
don corridor, the cost per seat-kilometres increases from 
6.95 to 8.21 EUR-cent for rail and from 5.14 to 7.35 EUR-
cent for air travel. While this analysis indicates that �ying 
will remain less expensive than rail on this corridor, on 
other corridors, e.g., Madrid � Rome and Madrid � Am-
sterdam, rail becomes less expensive than �ying in 2025.

Risk analysis
A risk analysis was done to better understand the robust-
ness of the results. In this analysis, ranges were identi�ed 
for the main cost in�uences such as energy and infrastruc-
ture. Separate risk analyses were done for the 2012 and 
2025 data. A Monte Carlo Simulation was run and shows 
mean value, standard variation as well as the 90% con�-
dence interval for the calculated costs 2012 and 2025. 
Overall, the analysis shows a robust simulation and sup-
ports the analysis results.

4.2. Business case

The business case for VLDNT depends on the night train 
operator being able to cover the costs of train operation 
and to make a pro�t. This depends on how much the train 
operator can charge for tickets.

Unfortunately no data is available for VLDNT ticket prices 
since the service does not exist. Ticket prices for day high-
speed trains are not directly comparable since there are no 
transfer- free connections on the selected VLDNT-corridors. 
Moreover, it is di�cult to obtain ticket prices for HSR 
journeys involving transfers given the lack of cooperation 
between rail operators in ticketing information. And, even 
where data is available it is often meaningless since prices 
are extremely market dependent. Thus, very low prices 
may appear due to a special o�ers (e.g., when an operator 
plans to enter the market), while very high prices appear 
when there is a high demand (e.g., holiday periods, or 
shortly before the departure dates).

Since it is not possible to accurately estimate the price of 
VLDNT tickets today, the study compared the cost of air-
line travel in the corridor to the cost of operating the rail 
service. The analysis focused on calculating the occupancy 
rate needed in order for the VLDNT to fully recover its 
operating costs and then assessing the possibility of oper-
ating the train at that level of occupancy.

The �rst step was to estimate the cost of airline and railway 
service in the corridors. The cost per trip was calculated by 
multiplying the cost per seat-kilometre (from Section 4.1) by 
the distance travelled. Next these costs per trip were divid-
ed by occupancy rate to obtain the costs per passenger trip.

Cost development until 2025, Madrid � London,easyJet vs. HS Traditional NT  

HS Traditional Night Train / EUR-Cent per seat-kilometer
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Finally the cost per trip by rail was divided by the cost per pas-
senger trip for air to calculate the percentage occupancy needed 
for rail to have the same cost per passenger trip as air. These 
calculations were made for all corridors examined in the analysis.

Table 2 summarizes the analysis results for the European cor-
ridors in the Year 2025. In the case of the Madrid�London cor-
ridor (described in a case study below), Table 2 shows that the 
cost per seat-kilometre is 8.21 EUR-cent. Multiplying this 
value by the travel distance gives a cost of EUR 181 per seat for 
the trip. Dividing by the normal occupancy rate for night trains 
(50%) means that the cost per passenger would be EUR 361 per 
trip. This is compared to a cost of EUR 118 for an easyJet trip.

Table 2 also shows the necessary rail occupancy rate for the 
corridors evaluated in this research. In this London�Madrid 
corridor for example, the necessary occupancy rate was 
calculated by dividing the EUR 181 rail trip cost per seat by 
the EUR 118 air cost per passenger trip. As shown, the oc-
cupancy rate needed for the Madrid-London corridor (2025) 
was a load factor of 153% to match the airline costs. In other 
words matching the airline costs is infeasible and VLDNT 
in this corridor cannot compete successfully with air travel.

The most attractive corridor identi�ed in this analysis was 
Madrid�Rome corridor with a necessary load factor of 94%. 
However, this is a quite high occupancy rate and it is ques-
tionable whether it is su�cient for a successful market entrance. 

These results show that VLDNT service is nearly non com-
petitive with airline service operated by low cost airlines 
similar to easyJet. The main reason is due to the very 
high track access charges. VLDNT service would only be 
competitive if network operators were to reduce track 
access charges. Otherwise the ticket prices would be too 
high or the occupancy rates would need to be much higher 
than the feasible maximum capacity of a night train.

4.3. Case Study Analysis:  
Madrid�London Corridor

This section presents a short description of the analysis 
completed on the European West Corridor between Madrid 
and London.

Step 1: Identify suitable markets
The �rst step consisted of preparing a map of the largest 
cities in Europe. The map shows cities in three categories: 
red dots are cities with populations over 3 million, yellow 
dots represent cities with populations between 2 � 3 million, 
and green dots represent cities with populations between 
1 � 2 million.

Step 2: Identify corridors
Figure 1 presents a map of Europe with all the high-speed 
lines and the major cities are shown with the appropriate 
coloured dot.
Corridors were identi�ed with the following steps:
 Step 1 identi�ed the cities that should possibly be 

linked by VLDNT. In conformity with the VLDNT de�ni-
tion travel time should be less than 12 hours and there-
fore distances of up to 2,200km are possible.

 The main question is how to connect the biggest cities 
using a maximum of HSR infrastructure. The map pre-
sented in Figure 1 shows a strong concentration of 
high-speed infrastructure in Spain and France.

 As shown in Figure 1, HSR infrastructure connects 
three of Western Europe�s biggest cities: Madrid, Paris 
and London. Therefore, it seems reasonable to link Ma-
drid with Paris and London.

 Barcelona and Zaragoza, both relatively large cities, 
are located in the boarding area of the potential VLDNT 
corridor and are part of Spain�s high-speed railway net-
work. Thus, the proposed line could also easily serve them.

HS Traditional Night Train 
(conservative view)

Seat Cost 
per Travel EUR

Load Factor 
%

Total Cost 
per PAX EUR 

Load factor to match 
TC easyJet %

North Corridor London � Hamburg
London � Berlin
easyJet London � Hamburg + 
                 London � Berlin

137 
134 
59 
73

50 
50 
87 
87

274 
267 
68 
84

203 
158

West Corridor Madrid � London 
Madrid � Amsterdam 
easyJet  Madrid � London + 
                  Madrid � Amsterdam

181 
145 
103 
118

50 
50 
87 
87

361 
289 
118 
135

153 
107

Europe Corridor Amsterdam � Rome 
London � Rome 
easyJet Amsterdam � Rome 
easyJet London � Rome

116 
158 
103 
110

50 
50 
87 
87

232 
316 
118 
127

98 
107

South Corridor Madrid � Rome 
easyJet Madrid � Rome

119 
96

50 
87

238 
110

94

Table 2: Intermodal cost comparison Europe 2025
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DB International GmbH, 2013
(HSR data provided by UIC)
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 The train would travel nonstop during the night through 
France since the country�s HSR network provides fast 
connections between provinces and the capital.

 Paris would be the �rst stop in the arrival area. The VLDNT 
could also be split here allowing one part to serve London 
and the other to serve Brussels, Antwerp, Rotterdam and 
Amsterdam. All of these cities are part of Europe�s �Blue 
Banana�.

 Travel times on the proposed corridor were calculated 
based on existing timetables and planned infrastructure 
improvement projects.

 The resulting corridor is called West Corridor. Its boarding 
area is Spain (Madrid, Zaragoza, Barcelona) while the arrival 
area is Central Europe (London, Amsterdam, Antwerp, Rotter-
dam, Brussels, Paris). The corridor would serve almost 
all the large cities in the general area (except Marseille and 
Lyon) and is served by a very good high-speed infrastructure.

 If a conventional (and thus slower) night train was used 
instead of a high-speed night train, travel time would 
increase. In this case the stops in Madrid and Zaragoza 
would need to be eliminated with a strong e�ect on the 
percentage of substitution described below.

Step 3: Potential analysis
Once the corridor is de�ned the analysis of potential can 
be completed. This analysis consists of the following steps:
 First, all air connections starting from Madrid, Zaragoza, 

Barcelona (boarding area) to Paris, London, Brussels, 
Antwerp, Rotterdam, Amsterdam (arrival area) are list-
ed to ensure that all airline passengers are considered. 
At the end of October 2012, approximately 150 daily 
�ights with a total capacity of more than 23,000 seats 
were operated between these city pairs.

 The load factor for these �ights was assumed to be 79% 
(European average) and the transfer rate (share of con-
necting passengers) ranges between 15% and 35%, de-
pending on the combination of hub- and non-hub airports. 
The given seat capacity of each aircraft is multiplied 
with these factors in order to obtain a realistic number 
of passengers travelling in the corridor.

 The analysis showed that approximately 9,500 people 
travel daily between the corridor�s boarding and arrival 
cities. Almost 2,000 passengers travel from Madrid to 
Paris, followed by around 1,800 passengers between 
Madrid and London. 1,200 passengers �y from Barcelona 
to London and around 550 from Amsterdam to Barcelona.

 The forecast data presented above was used to calculate 
the potential of the corridor. This �gure, the so called 
substitution rate shows what percentage of �ight pas-
sengers would need to switch to rail to ensure a 75% 
utilization of the VLDNT. In the case of Europe�s West 
Corridor, the substitution rate is about 3% by 2025.

Three step potential analysis for London�Madrid

Figure 1
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5 Infrastructure and Operations 
Considerations

A fundamental part of the study was analysing the infra-
structural and operational limitations that might be in�u-
ence the operations of the VLDNT in the selected regions. 
The analysis shows that while there are currently several 
infrastructure and operational limitations that prevent night 
trains from using high-speed infrastructure, these limita-
tions are not insuperable obstacles. The main obstacles are: 
limited capacity at major nodes (stations), rolling stock 
requirements and interoperability, HSR line maintenance, 
freight train con�icts, and security measures.

One of the major obstacles to VLDNT in all regions is limited 
capacity at major nodes on the potential corridors. In these 
areas slower passenger and freight trains might con�ict with 
the VLDNT on shared infrastructure. Additional challenges 
are rising tra�c density and capacity de�cits (especially 
during morning and evening peak periods) in metropolitan 
areas. Many of these track networks are already operating 
at maximum capacity and additional train paths are un-
available. A good example is in Japan where unpunctual 
trains are not allowed to enter train stations since they 
would disrupt the entire timetable.

A second obstacle is rolling stock requirements such as 
maximum incline parameters on Passenger Dedicated 
Line maximum gradients and speed limits. Train length 
and noise emission standards play a relatively minor role. 
In any case, it should be possible to address all these re-
quirements in the design and procurement of new VLDNT 
rolling stock and it is also likely that existing night trains 
could be adjusted to meet the HSR line requirements.

Technical incompatibilities might occur due to di�erent 
gauge widths, power supply systems or signalling systems. 
This is mainly a problem in Europe, where di�erent power 
supply systems and di�erent signalling systems exist in 
the di�erent countries and are partly incompatible (on 
the other hand, new HSR rolling stock is often compatible 
with several di�erent systems). Similarly Japan has two 
di�erent power supply systems but it should be possible 
to solve this incompatibility with technology.

Technical incompatibility is less of a problem in the other 
regions considered in this research. No serious incompati-
bilities were found for the USA or India.

Another potential obstacle is the limitation on using HSR 
tracks at night due to freight train operations and track 
maintenance. However, on most railways passenger trains 
have priority over freight trains, and freight trains mostly 
operate on conventional networks. With respect to track 
maintenance, these projects are limited in duration and, 
since the lines lightly used during the night, trains can often 
operate despite maintenance. An exception is India where 
permanent construction activities, the high number of single 
track lines, and low capacity infrastructure currently causes 
interruptions to night train operations.

A �nal obstacle could be security measures and cross border 
controls. Security measures are becoming more frequent 
in rail transport, but in almost all cases the security 
screening is done at check-in or before boarding the train. 
Some controls are made on board trains, but generally 
the train can be moving while these are completed.

Similarly, most cross border controls take place on the 
trains themselves. More speci�cally, in Europe, U.S and 
China border controls take place mostly inside the train 
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by customs and immigration o�cials. Since there are no 
border crossings of HSL corridors in India and Japan, no 
controls are required.

As this discussion indicates, it is very important to care-
fully coordinate the schedules of VLDNT with other trains 
and infrastructure requirements (e.g. maintenance needs) 
to realize a trouble-free operation of VLDNT. Wherever 
possible the time intervals of passing trains as well as the 
time in the stations should be reduced. It will also be nec-
essary to extend the HSR network further and especially 
into major nodes and stations. Furthermore, future rolling 
stock for VLDNT will need to be equipped with the required 
equipment to run on di�erent systems and not to be limited 
due to technical incompatibility.

6 Policy Considerations:  
Environment

The transport sector is one of the largest sources of man-
made Carbon Dioxide (CO2) and other Greenhouse Gases 
(GHG) emissions and its contribution continues to rise8. 
Therefore an important question for this study was to 
compare the environmental impacts of VLDNT versus its 
main competitor: air transport.

A key European Union goal is shifting transport demand 
from air to rail because this shift will reduce GHG-emissions 
and environmental impacts. It�s also worth noting that 
medium distance �ights also generate additional climate 
damage by impacting the Radiative Forcing Index (RFI).

8 UIC High Speed Rail and Sustainability; EEA TERM Report 2009;  
Allianz pro Schiene

As part of this study the GHG-emissions per person per 
trip as well as for a passenger-kilometre (pkm) for �ying 
and VLDNT train service were evaluated. Since no reference 
values for night trains exist, the study compared standard 
trains with airplanes on the most e�cient corridors iden-
ti�ed in Europe, India, U.S., China and Japan (based on the 
market analysis substitution rate).

Data on GHG emissions for �ights can be found on several 
online platforms including Atmosfair. Data on GHG emissions 
from rail service was more di�cult to obtain. In Europe data 
was available from numerous emission comparison calcu-
lators (e.g. Ecopassenger, Ecocomparateur or DB Umwelt-
MobilCheck), these websites help consumers choose the 
most environmental friendly way of transport. In the other 
regions there were either no data easily available or it was 
only available for freight transport.

The research shows that the average emission ranges be-
tween 190 and 215 g CO2 per pkm for airplanes, but is only 
15 to 45 g CO2 per pkm on rail. The comparison points out 
a clear environmental advantage of railway passenger trans-
port. One study comparing the carbon footprint of transport 
modes on the route Valence � Marseille in France showed 
that high-speed trains generate up to 15 times less emissions 
than airplanes even when emissions generated during the 
infrastructure construction and rolling stock production are 
included.9

A second study compared the environmental impact of day 
trains versus night trains on two corridors Berlin � Munich 
(Germany) and Paris � Toulouse (France). The study found 
that the environmental advantage of night trains is slightly 
less than day trains, however it is still signi�cantly better 

9 UIC Carbon Footprint of High Speed Rail from 2011, Chapter 2)

Region: Europe Japan India China USA
Corridor: West Central North West-South South-East East Coast
 Madrid Sapporo Mumbai Hong Kong Ottawa

 London Fukuoka Bangalore Shanghai Washington

                                                       Aircrafts

                                   Flight distance in km (with accuracy of –50km) 
 ~1,350 ~1,650 ~900 ~1,300 ~800
CO2 emission
kg per trip per person*** 245 � 280 290 � 345 180 � 205 230 � 290 135 � 185
g per pkm 185 � 215 175 - 210 200 � 225 175 � 220 170 � 230

kg per trip per person 24 � 29 42 � 95 n/a 26 � 68 120 � 135
g per pkm  11 � 13 20 � 45 n/a 15 � 40 101 � 115

 ~2,200 ~2,100 ~1,400 ~1,700 ~1,200
Rail distance in km (with accuracy of –50km)

Rail

Current CO2 emissions for airplanes and trains

* Average CO2 emission in kilogram per trip per person with current 
rolling stock, sample of European city connections of around 2,000 km

Comparison of environmental  
characteristics 
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