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Introduction

 The efficiency of railways in terms of energy consumption 
and carbon emissions is remarkable when compared with other 
transportation modes [1]. When compared with cars and flights, 
high-speed railways (HSR) offer an environmentally competitive 
alternative [2]. HSR can significantly reduce CO2 emissions that 
are related to transport activities, specifically by replacing cars 
and short- to medium-haul flights [3]. The competitiveness of 
HSR is featured in trips with distances under 700km, and between 
densely populated cities [1]. 

This paper aims to shed light on the environmental advantage 
of HSR, especially when compared with cars and airplanes. To 
reach this aim, the paper offers a benchmarking exercise that 
compares the CO2 emissions of HSR, airplanes, and cars along four 
selected corridors. 

HSR and CO2 emissions

HSR projects generate CO2 emissions at all stages of the 
lifecycle of the project. These stages include the planning, 
construction, operation, maintenance, and recycling [3]. The 
construction stage is considered a major contributor, especially in 
cases where the project requires an immense number of tunnels, 
bridges, and earthwork activities [4]. Still, the operation stage 
might be the biggest contributor to the overall emissions among 
all stages. For instance, the operation of the Beijing-Shanghai HSR 
line constitutes around 70 per cent of the total lifecycle emissions, 
followed by the construction and maintenance stages, with 20 
and 9 per cent respectively [4]. Emissions of the operation stage 
comprise those emitted while producing electricity for traction, 
heating, on-board services plus electricity used for operating 
stations and other buildings that are linked to railway activities 
[3,5].

In the operation stage, the per passenger.km CO2 emissions of 
HSR can be very low, especially when compared with flights and 
cars. Leboeuf [3] discuss that for a 600-km trip, CO2 emissions of 
HSR can be almost 90 per cent lower than those of aviation.

Methodology

To facilitate the benchmarking exercise, the study selected four 
famous corridors. These constitute some of the most successful 
HSR corridors around the world, and they connect major economic 
regions in their countries. Data for the benchmarking exercise 
were obtained and calculated from different sources including 
annual and sustainability reports of HSR operators, publications 
of the International Union of Railways (UIC), and journal articles. 
These sources use different indicators for reporting on the CO2 
emissions. So, to facilitate a valid comparison, different indicators 
were standardised. For instance, the Central Japan Railway 
Company disclosed information about the per seat.km emissions 
[6], which was converted into the per passenger.km emissions. 
The Eco Passenger Carbon Tool provides emission values of the 
Madrid-Seville and Paris-Lyon corridors at occupancy rates of 85 
per cent, from which emission values at other occupancy rates 
were calculated. Emissions of the Beijing-Shanghai corridor were 
calculated based on annual emissions, occupancy rates, and daily 
passenger numbers offered by Lin et al. [4]. Finally, capacities 
and specifications of the HSR locomotives that run along the four 
corridors were provided by UIC [7].

Results and Analysis 

Figure 1 shows two comparisons; benchmarking emissions 
of HSR along specific corridor against emissions along other 
corridors; and, benchmarking HSR against cars and flights.
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Figure 1: Carbon footprint comparison of different transport modes along selected corridors.
Source: author’s elaboration on [3,4,6-10].

Regarding the first comparison, Figure 1 shows significant 
variations between emissions associated with different occupancy 
rates along different corridors. The HSR services along the French 
corridor showed the best performance at all occupancy rates, 
followed by HSR services along the Tokyo-Osaka route, whereas 
HSR service along the Spanish corridor accounted for the highest 
emissions. HSR services of the Beijing-Shanghai corridor shower 
a mediocre performance. At an occupancy rate of 85 per cent, the 
TGV of the Paris-Lyon line generated as little as 7.3g CO2e/p.km, 
compared to almost 9, 17, and 28.7g CO2e/p.km on Tokyo–Osaka, 
Beijing–Shanghai, and Madrid–Seville lines respectively. When 
locomotives were fully loaded with passengers, emissions of the 
Madrid-Seville line were around four times higher than their 
counterparts of the Paris-Lyon corridor.

The variation among countries in terms of the per passenger.
km CO2 emissions can be explained by differences in the energy 
mix used in each country. The lowest CO2 emissions of HSR in 
France is related to the fact that France depends heavily on 
nuclear power for generating electricity. So, the decarbonization 
of the energy mix is an essential driver for reducing CO2 emission, 
and using fossil fuels such as coal, oil, and gas emits much higher 
emissions when compared with nuclear and renewable energies 
[11]. Considering the second comparison, HSR showed a superior 
performance at all occupancy rates. Even at the lowest occupancy 
rates, emissions of HSR services were much lower than those of 
cars and flights, along all chosen corridors. For instance, when only 
35 per cent of the train was full, an HSR journey between Beijing 

and Shanghai generated around 41g CO2e/p.km, while similar 
trips by airplanes and cars emitted almost 136 and 112g CO2e/p.
km respectively. Also, a flight between Paris and Lyon generated 
almost 168g CO2e/p.km, around 10 times the emissions of a similar 
HSR trip, at an occupancy rate of 35 per cent. When the train was 
full – the occupancy rate was 100 per cent – flying between Paris 
and Lyon generated around 168g CO2e/p.km; almost 27 times the 
emissions emitted by HSR. Similarly, emissions associated with 
travelling by car between Paris and Lyon was higher than those of 
HSR by around 18 times.

Conclusion

This paper sheds light on the environmental advantage 
of HSR. The benchmarking exercise revealed that HSR along 
chosen corridors and at different occupancy rates had superior 
environmental performance and the per passenger.km CO2 
emissions of HSR were significantly lower than emissions of cars 
and flights. In some cases, the per passenger.km CO2 emissions 
of HSR were almost 27 and 18 times lower than emissions of 
flights and cars respectively. Another finding is that HSR in France 
emitted the least amount of emissions when compared with the 
HSR of other countries. This is explained by the fact that France 
depends heavily on nuclear power for generating electricity. 
Using an energy mix that comprises renewable and clean energies 
could notably reduce CO2 emissions. To conclude, HSR offer an 
environmentally sustainable mode that can be a key part of the 
plan to meeting climate ambitions globally.
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