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Outline 

• Brief introduction to HSR in Europe 

• Key factors influencing environmental performance 

• Rail Fleet Technology and per-seat emissions 

• Electricity Generation 

• Track and Maintenance vs. Operation 

• Emissions per passenger kilometre 

• Frequency, load factors, mode shift, new demand 

• Some Scenarios 

• Summary 

 

 

 



HSR in Europe - 2009 

Source: Wikimedia Commons’ map of Europe high-speed rail 2009. 



Factors Affecting Comparisons 

• Direct performance (energy consumption) of the rail rolling stock 

• Direct and indirect greenhouse gas emissions from electricity 

production 

• Indirect emissions resulting from the construction, maintenance 

and decommissioning of rolling stock 

• Energy consumption/emissions resulting from construction and 

use of new rail infrastructure 

• Seating occupancy levels and service frequency for high-speed 

versus conventional rail 

• Energy consumption/emissions savings resulting from modal 

shift and factoring in demand generation 

 



Direct Performance 

Image: Network Rail  (2009) 



Direct Performance 

Image: Network Rail  (2009) 



European Electricity 

Generation Mix 



Carbon Intensity of UK Grid 

Electricity 

Image:  

Network Rail  (2009) 



Vehicle and Track 

Construction and Maintenance 



Seating Occupancy Level and 

Frequency 

• Emission rates/passenger kilometre more relevant than 

emission rates/seat 

• Key factors influencing load factors are: 

• Intrinsic demand 

• Length of train 

• Frequency 

• Number of stops 

• Fares 

 



Typical Load Factors in EU 



UK High Speed Rail 2 (HS2) 

• 2009 modelling 

• Earlier route configuration 

• London-Birmingham 

• HSR Load Factor 34% 

• Conventional LF   27% 

• London-Manchester 

• HSR Load Factor 42% 

• Conventional LF   33% 

http://upload.wikimedia.org/wikipedia/commons/7/70/UK_high_speed_rail_map.png


Passengers using HS2 

Switch from classic rail 57% 

New Trips 27% 

Modal Shift from Air 8% 

Modal Shift from Car 8% 



Mode Share by Journey 

Length 

Paris Brussels 

1hr 25 [15] Madrid-Seville  

2h 05 [6] 
London-Paris 

3hr 00 [68] 

Stockholm-Gothenburg 

3hr 30 [25] 

London-Brussels 

2hr 40 [42] 
Paris-Marseille 

2hr 25 [43] 

London-Edinburgh 

4hr 20 [45] 

Adapted from Network Rail  (2009) 



Outcomes 

Image: Network Rail  (2009) 



20% sensitivity analysis 

Image: Network Rail  (2009) 



Comparative advantage of 

mode shift reduces 

Typical  

European  

HSR 

Adapted from Network Rail  (2009) 



Energy consumption by mode 

(MJ per pass km) 

Inter city train at 44% load   0.5 

High speed train at 49% load   1.08 

High speed train at 70% load   0.76 

Air (500km flight) at 70% load   2.57 

Diesel car on motorway at 36% load  0.94 

       Source: CE Delft (2003) 

 

TGV (France)     0.68    (4g CO2/pass km) 

ICE (Germany)     0.79    (27g CO2/pass km) 

Aircraft (Europe Short-Haul)    1.4-3.5 (100 – 150g/pkm) 

       Source: Janic (2003)  



Some points in summary 

• Case varies country to country 

• Environmental Benefits are typically only 2-4% of benefits 

• Specifics of the proposal are critical to relative benefits 

• Other modes are improving their efficiency also 

• This is a tool for economic rather than environmental policy 

in UK context 

• Domestic air emissions in UK < 2% of total transport CO2  

• May still feature as cost effective CO2 policy due to co-benefits 

• Significant environmental mitigation costs for routes 
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