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• The EU-28 entire transport
sector in 2015 has been 
358.6Mtoe, accounting for the 
33% of the total EU-28 
primary energy consumption.

• Road transport is the most 
relevant segment (82.0%),  
followed by the international 
aviation (12.8%), whereas the 
domestic aviation (1.54%) 
and rail (1.73%)

Aim of the study



• The availability of High Speed 
Train (HST) lines opens the 
possibility of partial 
substitution with short-haul 
and medium-haul intra-EU 
flights.

• Main aims for increasing the 
rail potential is the expected 
better environmental 
performance of this mode of 
transport: several studies defined 
the potential per-seat saving 
in emissions, achievable by 
substituting short-haul flights 
with HSTs.

Expected benefit of modal shift



• Rail transport can be a real
alternative to aviation
providing specific conditions, 
among others: 

• the cost of the travel, 

• the safety standards,

• the comfort level, 

• the frequency of the service and the

• accessibility of the terminals,

• the service reliability, 

• the time-efficiency.

Potential for substitution



• Present work investigates GHG 
potential reduction by 
substituting shares of intra EU-
28 flights with HSR services, in 
the time period between 2017-
2025. 

• The analysis is carried out for a 
specific set of city pairs, 
representing a significant share of 
the passenger transported.

• In the paper the type of aircraft, 
the distance bands and the 
occupancy rate are varied to 
study potential scenarios.

Present study

Source Dreamstime.com



Present study

• Two ranges of distance bands are defined to 
compare aviation and rail services: six
medium-haul intra EU-28, plus a national 
route.

• (i) LHE: London Heathrow the busiest airport in 
the EU with a total of 75.0 million passengers 
carried in 2015,

• (ii) CDG: Paris-Charles de Gaulle (France),

• (iii) FRA: Frankfurt Main (Germany),

• (iv) AMS: Amsterdam Schiphol (The 
Netherlands).

• Italian Rome Fiumicino-Milan Linate (IT)

The expected flight duration on 
this route is 1:10h, over a 
distance of about 510 km. 
The time required for reaching 
the airports from the city 
centres is expected to be 50 min 
in MI plus 45 min in Rome the air 
journey is therefore 2:45 h, 
without considering internal 
transfers.

The HSR service takes 3:00 h, 
covering the distance of 620 km. 



Time and distances comparison



Time and distances comparison



To calculate the emission for 
flights:

• aircraft type has to be taken into 
account.

• Corinair database the fuel
consumption has been evaluated.

Aircraft Type, Consumption, and CO2 
Emissions



To calculate the emission for rails:

• In HSR only electricity is used
and consequently the emissions
are a direct function of the 
primary energy country mix.

• Specific energy consumption of 
HST results in 0.057 kWh/PKM

Rail Emissions

• Indirect effects of rail infrastructure construction 

has been considered by adding 5 gCO2/PKM as 

proposed by Union of Railways 

• All the routes crossing France have the best 

performance, due to the low carbon intensity of 

electricity in France.



All scenarios aim to represent the 
expected trend in the next coming 
years for aviation growth, 
assuming the used average growth 
as representative of the period 2017–
2025.

Scenario definition



Results for the high rail scneario



Conclusions



• The results here presented confirm 
a remarkable advantage of high 
speed trains compared to 
aircraft, with regard to direct CO2eq

emissions per PKM.

• Apart from energy efficiency 
considerations, a relevant 
medium term advantage of HSR 
deals with transport resilience to 
adverse weather conditions. 
There is in fact general agreement that 
climate change will affect the functioning of 
the European transport system, specifically 
for aviation.
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