
Reducing the environmental impact of rail transportation  

Abstract 

 

The environmental impact of the research project focussed on acoustic properties of lightweight 

structures for use in rail vehicles is investigated.  

The Environmental impact of rail transport is compared to that of road and air transport. The 

environmental impact of different trains are then compared using published data in the form of 

standardised Environmental Product Declarations (EPD), summarising Life Cycle Analysis (LCA) 

results. 

Since the EPDs are made for a certain train in a specified operation on a specified market, it is 

difficult to compare the environmental impact for trains in different types of operations. In spite of 

this it is clear that comfort requirements such as acoustics drives weight increase, and that a 

decrease of total train weight does have a significant impact on the energy consumption. Also the 

mode of electricity generation for the train operation has an impact. There is a large difference in 

environmental impact between markets with hydropower generated electricity and those who have 

to rely on electricity generated by fossil fuels. 

The conclusion is that research on how to improve acoustic properties, such as sound transmission 

loss, with a minimum increase of weight, does contribute to making an environmental friendly mode 

of transport more competitive compared to road and air transport 

  



1 Importance of transportation for global energy consumption 

While industry and households have succeeded in reducing or limiting their environmental impact, 

the transport sector is still growing, in spite of technical development for fossil fuelled vehicles. The 

reason is the increasing demand for transportation on a global level.  To meet these challenges all 

modes of transportation have to be improved with regard to energy consumption and efficiency. 

One way to achieve this is to shift transportation from road and air to rail transport, as well as a 

continuing development and improvement of rail transport. Rail is not suitable for all types of 

transportation, but areas where it has a potential for providing transport solutions in combination 

with a reduced environmental impact are urban transportation and medium distance travel between 

regional centres. To make rail an attractive alternative it has to combine energy efficient and cost 

effective solutions together with good passenger comfort and low environmental impact over the 

life of the product.  This report studies challenges and opportunities for this development and how 

my research of acoustic properties for lightweight multi-layer panels can contribute. A way to find 

solutions is to find one multi-layer structure which can meet different requirements, e.g. thermal, 

acoustic, fire, stiffness and strength, rather than adding new components for each requirement, or 

to take the words from the vision 2050 [1]: do more with less (material) in order to reach a safe and 

low-carbon mobility.  

Today the transport sector is facing enormous challenges. In order to meet the target of keeping the 

global climate at a level not more than 2 degrees above pre-industrial levels, the emissions of 

greenhouse gases (GHG) have to go down, while the demand for transportation is increasing 

globally. In Europe, the industry has decreased its energy use, households are at a constant level, but 

the transport sector is increasing its energy use, see Figure 1. This increase is happening in spite of 

the average energy use per car being reduced, since the demand for transport activity is larger than 

the technical improvements can counteract.  

 

Figure 1. Energy use in Europe. Industry has decreasing energy consumption, 

household consumption is constant but energy consumption in transportation is 

increasing. [25] Mtoe=Million of Tonne if oil equivalent, 1 TOE=41.868 GJ. 



Looking at the global development the trend is even stronger, since the rate of car ownership in e.g. 

China and India has increased the last few years due to a fast development of living standard and a 

growing middle class. China was 2006 the second largest consumer of oil products after US, and is 

increasing. The challenge of providing the necessary transportation must be addressed. The 

solutions that give the highest impacts in the long term on the sustainability are those that decrease 

the demand for transportation of passengers and goods. Re-use and Re-manufacturing, local 

production and selling services and functions over the life of a product cycle, rather than just one 

product, reduces the need for transportation of goods[35]. Telecommuting and video conferences 

and locating work places closer to living areas could reduce the need for transporting passengers. 

However, the combination of increasing population in the world, and increasing middle class and the 

lagging in change of social and business values will within the next decades lead to an increase of the 

total amount of transportation. 

The answer from authorities has in Europe been to put restrictions of greenhouse gas emissions 

from cars, forcing a development of lightweight cars and cars running on alternative fuels, including 

electricity. For cars, electricity as a fuel is most favourable for short distances due to the limitation in 

battery capacity, even if much research is being carried out with the objective to make electrified 

road transport also a long distance alternative. Electrified rail transportation does on the other hand 

not suffer from those limitations, since the energy supply is available all along the track. The rail 

system also offers other advantages that can help in finding solutions to reducing the environmental 

impact of transportation.  

The rail sector has in a strategy development by e.g. UIC [18][23][30][31] representing infrastructure 

owners and operators and manufacturers set targets for reducing the environmental impact of rail 

transportation even further. 

The aim is to reduce GHG emissions by 30% compared to 1990 by 2020, improve energy efficiency of 

both vehicles and infrastructure, reducing exhaust emissions, nitrogen and particulate matter, 

primarily for diesel driven vehicles, and to reduce exterior noise and ground vibration.  

2. Factors influencing the environmental impact of rail transportation 

In the European Commission’s 2011 Transport White Paper ‘Roadmap to a single European 

Transport Area’,[37] the need for a re-orientation of the transport system as a whole in order to 

meet the targets on e.g. carbon emissions were studied. Rail transportation has lower external costs 

than cars and airplanes, e.g. air pollution and risk of accidents, as shown in Figure 2, and can 

therefore be a part of the solution to more environmental friendly transportation. In particular two 

areas where rail-bound transport would bring an improvement were identified: move road 

transportation for long distance freight transport to rail and move road and air transportation of 

passengers at medium distances to rail. This had lead the Rail sector to form a strategy in order to 

further improve the environmental impact of rail transportation, and promote rail as an 

environmental friendly way of providing transport solutions [30]. A third application where rail offers 

advantages is for mobility in urban areas using high capacity metro systems. This market is 

increasing with the global trend of urbanisation [1], and is not only driven by environmental 

concerns. The need for people to get to their destination without spending hours in traffic 



congestion is also important. This development is very clear in large cities in China and India, where 

the Metro network has expanded substantially over the last decade [9][10]. 

 

 
Figure 2. Average external costs per transport mode in € per passenger km.[18] 

 
 

The rail sector has several features, which can be used in order to make energy efficient 

transportation, and reducing the environmental impact of the transportation work done.  

The rail system today, and within a foreseeable future, is based on steel wheels running on steel rail. 

The rails not only provide an automatic guiding system, it is also a system with very low rolling 

resistance, much lower than for a rubber tyre on a paved road. Once a train has been set in motion, 

very little energy is needed to maintain the speed. That is one reason why the trains normally run a 

lot faster than road vehicles. 200-220 km/h are normal operating speeds for passenger trains also on 

track with mixed traffic (regional, intercity and freight traffic). The disadvantage of having a low 

rolling resistance is long brake distances. At 200 km/h the brake distance is about 1.9 km, and at 250 

km/h 3.1 km. This is one example of why rail must be viewed as a system with special safety rules, 

control and signalling systems.  

The special conditions for rail transport means that the train traffic is usually governed by large 

companies and organisations that in general have very good knowledge of the system. From both 

economic and ecological point of view this also brings advantages. It is common, although not the 

only method, to use life cycle cost for evaluating offers for new or refurbished trains. Many factors 

will influence both economy and ecology in the same positive direction. Such factors are energy 

consumption, level of maintenance and spare parts, reliability and reparability. With a reduced 

energy consumption, the operating cost is lower, as well as the environmental impact. Also the rail 

infrastructure needs to be developed with new business models to further reduce both cost and 

environmental impact, but that also brings about new distributions of risk over the life of the 



systems. Authorities as well as suppliers need to adapt and learn to use models that provide 

integrated systems functions with a life cycle perspective, rather than only physical products [36]. 

Regarding rail vehicle development, the life cycle perspective on cost is already applied today, so 

there is a better knowledge among buyers, operators and suppliers of trains. With a reliable train, 

not requiring extra maintenance and repairs, the vehicle can be used in operation and generate 

money. A high degree of reliability of the whole system is also necessary for making rail an attractive 

alternative to other modes of transportation. Less spare parts, e.g. less wear on wheels, rail and 

brake pads, have a direct influence of both economy in terms of reduced track maintenance and the 

emission of particles.  

Energy efficiency is defined as the energy use per passenger per km. One way of improving should 

be to increase the capacity (how many passengers the train can have with regard to space and 

weight) and load factor (how many of the available seats that are used). The load factor depends on 

pricing and schedules, which are independent of technical features. Factors that do depend on 

technical solutions are reliability and comfort, as well as inner space of the train. Capacity can be 

increased by making the wall thickness thinner, but thermal and acoustic comfort still have to be 

about the same for the train to be an attractive alternative. It should be possible to use time on 

medium distance travel for resting and working. Today average load factors on the rail network in 

Sweden are around 45% [3]. Calculating the total cost over the life of a train also favours technical 

solutions that may be more expensive initially, but saves costs over the life of the vehicle. The fact 

that trains are owned and operated by large organisations and authorities, also favours systematic 

evaluations of many factors, and not only aesthetics and purchase price, which is often the most 

important factors when selling products to private persons. 

The disadvantage of a highly regulated system [29] is that it adds cost for e.g. certification from 

authorities. In Europe this has contributed to a high standard of the vehicles, and high safety. 

However, the high cost for authority approval of new vehicle also drives the market for 

refurbishment of older vehicles, which is substantial. This shows that the life of a rail vehicle will 

continue to be long, 25 years or more, although it may be refurbished with new interior, propulsion 

equipment and systems for information and entertainment more than once during its life. The life of 

the infrastructure is much longer than that, so if a substantial change is required in 20 years, the 

development has to start now. 

Reduced weight brings reduced energy use, but in Europe there are other factors driving the 

decrease of weight. For European trains in intercity and regional operation there is today a limit on 

the weight of a whole train. The limit is maximum 1000 tons for a 400 m train, with full load. Since 

this is a European legislation (Technical Specification for Interoperability) [29], it has to be fulfilled. 

This is the current demand on how also new infrastructure is built, such as load on bridges, and 

considering the long life of the infrastructure, this requirement will remain for many years. If the 

number of passengers is to go up, the weight of the train has to go down. This is a strong drive for 

both operational cost and improving the revenues for the operators. 

 

 



3. Life cycle analysis of trains 

An established method to analyse the environmental impact is Life Cycle Analysis [7], which takes 

into account the environmental impact over the whole life of the product, from raw material 

extraction, manufacturing, use phase and end of life. [13][14][15]Rail industry in Europe has agreed 

on a common methodology for LCA analysis if trains. The results are summarized in Environmental 

Product Declarations (EPDs) [5], which are published on a public web page.  

It is the electrified rail vehicles that has the largest potential for reducing the environmental impact, 

and therefor the focus will be on those [23].  

3.1 Comparing life cycle analysis data for two regional trains 

The EPDs for the Swedish Intercity train X55 [12] and the German Regional train ET442 (Talent2) [26] 

are compared. The production is very similar: same carbody material (steel), same manufacturing 

sites and many common suppliers of systems and components. The main difference apart from 

design data such as capacity, weight and installed motor power, is the type of operation and source 

of electricity. Also the power supply is the same, 15 kV/16.7Hz, which means that both need to have 

a heavy transformer for the propulsion system. The EPDs have been carried out by the same team, 

using the same databases and the same software, which makes methodological differences small. 

Some basic data about the two trains are shown in Figure 3. 

 

Figure 3. Data for the two studied regional trains, X55 (SJ 3000) operating in Sweden 

and ET442 (Talent2) operating in Germany, Nuremberg. 

In a life cycle analysis the use time and distance are important, in addition to recyclability and re-use. 

Such input data is shown in Figure 4. 

Train type X55 ET 442

Train Name  SJ3000  Talent2 Nuremberg

Power supply 15kV/16.7Hz 15kV/16.7Hz

Number of cars in a unit 4 4

Carbody material stainless steel mild steel

Production Country Germany Germany

Country for Operation Sweden Germany

Number of traction motors 12 6

Total motor power[kW] 3.18E+03 3.03E+03

Maximum operation speed [km/h] 200 160

Number of seats 245 221

Energy consumption[kW/km] 8.04 6.35E+00

Occupancy (load factor) 0.5 0.5

Vehicle length [m] 107.0 72.3

Weight/length [kg/m] 2121 1893

Weight/seat [kg] 926 619

Total weight [kg] 226916 136855



 

Figure 4. Input data for the life cycle analysis of X55 (SJ 3000) and ET442 

(Talent2).[12][26] 

 

3.2 Life cycle costs in different phases 

The life cycle costs are shown both as material and energy. Both can be converted to CO2 

equivalents in order to be compared, and this can be found in Figure 4. Trains are active products, 

which are used both for long distances per year and for many years.  

The total material use for X55 is 0.01 kg/passenger-km, most of which is from the upstream. The 

total material use for the ET442 is 1.5 kg/passenger-km, most of which is from the use phase. The 

upstream contribution is similar to X55. 

 

Figure 5. The energy use over life for X55 (SJ 3000) in Sweden. The green is renewable 

energy and the red represent non-renewable energy.[12] 

Train type X55 ET 442

Operation  SJ3000  Talent2 Nuremberg

Recoverability  (% of weight) 0.98 0.96

Recyclability (% of weight) 0.93 0.92

Waste  (% of weight) 0.02 0.04

Waste [kg] 4538 5474

Grams CO2 equiv/pass-km (life) 2.48 38.6

Grams CO2 equiv/pass-km (use phase) 0.9 36.91

Life of train [years] 25 32

Average running distance/year [km] 400000 250000

Energy recovery from braking[%] 0.1 0.8

Total weight [kg] 226916 136855

Energy consumption[kW/km] 8.04 6.35E+00

Weight/seat [kg] 926 619
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The energy use in different phases is shown in for X55 and for ET442. For both train the use phase is 

dominating, which is expected since they are active products, running 400000 km/year for X55 and 

250000km/year for ET442.  

 

 

Figure 6. The energy use over life for ET442 (Talent2 Nuremberg) in Germany. The 

green is renewable energy and the red is non-renewable energy. 

The longer annual running distance further reduces the energy use per passenger-km for X55. 

250000 km/year is more typical for a regional train operation, while X55 is run in more intercity 

operation over larger distances. Regarding both material use, energy use, and total CO2 equivalents, 

the use phase is dominating over upstream, core and end of life contributions. It is therefore 

sufficient to restrict the further analysis to the use phase only. 

3.3 Total environmental impact in material and energy use. 

The total material and energy use over all phases is summarized in Figure 7. The German ET442 uses 

much more material, both renewable and non-renewable. It also uses much more energy per 

passenger-km than the Swedish X55. This is in spite of the fact that X55 is heavier, has higher weight 

per seat, and lower total life (25 years compared to 32 years for the ET442). , but the X55 only has 

25% longer running distance over the life of the vehicle, so it does not explain why Talent2 has more 

than twice the energy consumption of X55. Only looking at weight and total running distance for 

total environmental impact does clearly not give the full picture. 
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Figure 7. Material and Energy use during different phases of product life for X55 and 

ET442. [12][26]. 

3.4 Differences in operation influencing environmental impact 

Using energy recovery during braking, regeneration, where the trains’ traction motors are used as 

generators feeding back power to the network is in frequent use on modern trains and train 

systems. This is however most efficient with high output power propulsion and many driven axles for 

electrical multiple units, as shown in the Green Train project [33]. Regenerative braking is most 

efficient for speeds lower than 150 km/h for conventional motor sizes. 

Many cars have ECO-driving support to influence the driving style in order to minimize energy use. 

The same is existing as a product for trains (ECO-driving support), and it has positive effects on the 

time table this saves both energy and wear of brakes, wheels and track. This has an economical 

benefit, reducing costs. It is not clear if that is used for X55 or ET442. Regenerative braking 

contributes more in operations with many starts and stops, and with lower top speeds. It is most 

important for metro applications, significant for regional operations, but also matters for intercity 

operations with top speeds of 200-250 km/h [33] [3]. From Figure 4 it can be seen that X55 uses 

0.1% regenerative braking and ET442 0.8%. The lower top speed and more regional operation with 

many starts and stops makes it easier for the ET442 to take advantage of this opportunity.  

3.5 Source of electrical power 

A major difference between X55 and ET442 is the source of the electricity for the railway operation. 
UIC provides data on the energy mix used by different countries. The source of electricity for the 
railway operator can often be different than for the country as a whole, but for both SJ operating 
X55, and Deutsche Bahn (DB) operating Talent2 Nuremburg, such information is available, and can 
be seen in Figure 8. As can be seen from Figure 8, X55 is run on renewable energy only, mostly 
hydropower, while ET442 has a mix of renewable and non-renewable energy sources. The large part 
of non-renewable fuel explains why ET442 has a much larger material use during the use phase, as 
well as higher portion of non-renewable energy. 
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Country Coal Other incl. 
oil 

Gas Nuclear Renewable 

Sweden  0% 0% 0% 0% 100% 

Regional DB 
EMU in 
Germany 

45% 2% 9% 25% 18% 

United 
Kingdom 

28% 1.0% 45% 18.0% 8.0% 

Figure 8. Railway electricity mix for three European countries.[23],[20] 

The source of the electricity is very important in the total environmental impact. Electrification in 
itself does not necessarily indicate an environmental friendly solution. The produced energy, bought 
certified energy and electricity actually consumed by the operation does not have a direct 
connection, but for reporting purposes the CO2 footprint to use in the Life Cycle Assessments is 
defined by authorities. 
 
A common trend is that whatever the rate of renewable energy is available, it is increasing for many 
markets in Europe as well as Asia, at the same time as the portion of electrified rail track is 
increasing, in Europe as well as in Asia, in spite of large investment costs.[19][23] 

 

Figure 9. The graph is showing the lengths and share of the European railway network 

which is electrified (green) and non-electrified (yellow), from 1975 to 2010. The data is 

from reference [23] . 

Running on 100% renewable energy the production phase is important as well. Conversely, as long 

as the train is not run on 100% renewable energy, reducing the energy use in the use phase by 

increasing number of passengers, weight of vehicle, use of regenerative braking. To reduce the total 

weight of the vehicle, not only the carbody weight must be reduced, but the weight of all other 

components as well: propulsion, bogies, windows, doors and comfort systems. The carbody is 39% of 

the vehicle weight for X55 and 39% for ET442.This is true even if it might lead to some increase of 

environmental impact in production, raw material extraction and end-of life treatment as for the 

case of using more lightweight composites that are harder to recycle than a steel carbody[3][8]. 

Comparing the total effect of the two trains to other means of transport, being able to shift 

transport from air or from petrol cars, has a substantial impact on the global scale. 



3.5 Summary of LCA analysis 

The conclusion is that reducing the energy consumption per passenger is valuable in reducing the 

environmental impact in the use phase, even if it decreases environmental performance in 

upstream, core or end of life phases of the product life. This is a consequence of the trains having a 

long use phase both in terms of running distance and product life. The trend is also that the rail 

customers have stricter requirements on vehicle weight and energy consumption, while still 

demanding acceptable noise levels and a good interior climate. This directly relates to the research 

project of exploring noise and thermal insulation of lightweight multilayer panels for use in rail cars. 

The trend is also to evaluate offers directly or indirectly based on life cycle cost, which puts further 

emphasis in energy consumption per passenger-km due to the long use phase of rail vehicles. This 

can be seen both in European, Asian and Australian projects. 

Since the method of energy production is so different in different markets, the environmental 

impact will be very different depending on which country the trains operate in. This is clear by 

comparing the SJ3000 train Regina Intercity X55 with ET442 Talent2, operated in Germany. The 

ET442 train is lighter, and has better energy consumption per passenger compared to X55. Still 

ET442 gives 10 times higher CO2-equivalents during its life due to the use of electricity produced 

from non-renewable sources compared to X55, which only uses electricity from renewable sources. 

4. Conclusions 

The energy consumption will reduce the environmental impact for all fuels used. Electrified rail 

transport is more energy efficient, due to the more efficient transfer of energy compared to e.g. 

diesel. But the method of generating electricity will have a large impact. Trains driven by electricity 

produced by renewable sources have much less environmental impact than those driven by 

electricity partly generated by coal or oil.  

Since load factor and energy consumptions are very important factors to determine the 

environmental impact, having a lightweight design, giving room for more passengers in terms of 

allowed axle weight, and a design making thinner wall, giving room for more passengers or providing 

more comfort are of vital importance. Acoustic performance cannot be drastically decreased, 

because one of the arguments for using the train in regional and intercity transport is that the time 

can be used for work or rest, compared to a car or an airplane. It must be possible to talk 

comfortable to the person in the next seat, or make a telephone call, or sleep, if train is to be serious 

competition for cars. In order to achieve this optimised multi-layer plates for the carbody structure 

with good acoustic and thermal performance are necessary.  

References 

[1] World Business Council for Sustainable Development, Vision 2050: The new agenda for 

business – in brief. February 2010 

[2] J. Rockström, W. Steffen, K. Noone, Å. Persson, F. Stuart III Chapin, E. Lambin , T. M. 

Lenton , M. Scheffer, C. Folke, H. Schellnhuber, B. Nykvist, C. A. De Wit, T. Hughes, S. van 

der Leeuw, H. Rodhe, S. Sörlin, P. K. Snyder, R. Costanza, U. Svedin, M. Falkenmark, L. 

Karlberg, R. W. Corell, V. J. Fabry, J. Hansen, B. Walker, D. Liverman, K. Richardson, P. 



Crutzen, and J. Foley. 2009. Planetary boundaries: exploring the safe operating space for 

humanity. Ecology and Society 14(2): 32 

[3] D. Wennberg, P. Wennhage, S.Stichel, Benefits of Weight Reduction in High-Speed Train 

Operations, in Multi-functional composite design concepts for aril vehicle car bodies, 

Paper in Doctoral thesis KTH Royal Institute of Technology 2013, ISBN 978-91-7501-8, 

TRITA-AVE 2013:20. 

[4] R. Kemp, Energy challenge will drive traction policy,  Railway Gazette International 

January 2008 

[5] UNIFE PCR 2009:5, version 2, Product Category Rules for preparing environmental 

product declaration (EPD) for rail vehicles,2013-02-04 

[6] D. Wennberg, S. Stichel, P. Wennhage, Cutting the weight of high speed trains, Railway 

Gazette International, January 2011. 

[7] R. Carlsson, A-C Pålsson, Livscykelanalys Ringar på vattnet, SIS förlag, ISBN 978-91-7162-

652-3)2008 

[8] Yang Nie, Life Cycle assessment of lightweight trains body panel, Master Thesis, KTH 

Royal Institute of Technology (KTH/ABE, draft 2012) 

[9] Delhi Metro Corporation website, visited 2014-01-18, http://www.delhimetrorail.com 

[10] Shanghai Metro website, visited 2014-01-18 http://www.shmetro.com 

[11] G. Du, Towards a Sustainable Construction: Life Cycle Assessment of Railway Bridge, 

Licentiate Thesis in Structural Engineering and Bridges, KTH Royal Institute of 

Technology 2012, TRITA-BKN BULLENTIN 112,2012. ISSN 1103-4270 

[12] Regina Intercity X55 Environmental Product Declaration, Bombardier 2011 

[13] ISO 14025, Type III Environmental declarations 

[14] ISO 14040, LCA Principles and procedures 

[15] ISO 14044, LCA Requirements and Guidelines 

[16] Railenergy WP2.2, Input to future UIC/UNIFE Technical Recommendation ,Specification 

and verification of energy consumption for railway rolling stock, EC Contract No FP6 – 

031458) 

[17] KTH Royal Institute of Technology, Division of Rail Vehicles, “STEC – simulation of train 

energy consumption”, In-house software. 

[18] UIC, High speed rail. Fast track to sustainable mobility 2010 

[19] World Energy Balances. On-line data service. Internet http://data.iea.org/ accessed 25 

March 2013, IAE International Energy Agency. 

[20] UIC Energy and CO2 database 2012. International Union of Railways (UIC) 

[21] European Environment Agency. Occupancy rates of passenger vehicles (TERM029) July 

2010. Internet: http://www.eea.europa.eu/data-and-maps/indicators/occupancy-rates-

of-passenger-vehicles/occupancy-rates-of-vehivles-1. Accessed July 1, 2013. 

[22] European Environment Agency Beyond transport policy – exploring and managing the 

external drivers of transport demand, Technical report 12/2008 

[23] UIC, IEA, Railway handbook 2013- Energy consumption and Co2 emissions. Focus of 

energy mix, 2013. 

[24] ISO 22628:2002, Road vehicles -- Recyclability and recoverability -- Calculation method 

[25] European Commission. Eurostat, http://epp.eurostat.ec.europa.eu (2011) 

[26] Environmental Product Declaration for Talent2. Bombardier 2010 

http://www.delhimetrorail.com/
http://www.shmetro.com/
http://data.iea.org/
http://www.eea.europa.eu/data-and-maps/indicators/occupancy-rates-of-passenger-vehicles/occupancy-rates-of-vehivles-1
http://www.eea.europa.eu/data-and-maps/indicators/occupancy-rates-of-passenger-vehicles/occupancy-rates-of-vehivles-1
http://epp.eurostat.ec.europa.eu/


[27] J. Åkerman, M. Höjer, How much transport can the climate stand? – Sweden on a 

sustainable path in 2050, 2005 

[28] P. Cerin, lecture in Eco2logy course 2014, KTH, 2014 

[29] Technical Specification of Interoperability for Infrastructure, Directive 2008/217/EC  

[30] UIC and CER ,Moving towards Sustainable Mobility, A Strategy for 2030 and beyond for 

the European Railway Sector, 2012 

[31] UIC, UIC declaration , Sustainable Mobility and Transport,  

[32] Nelldal, B.-L., Troche, G., Friödh, O., Utveckling av utbud och proser på järnvägslinjer i 

Sverige 1990-2011, Report,  KTH Järnvägsgruppen, Trafik och logistic, 2012 

[33] E. Andersson, U. Carlsson, P. Lukaszewicz, S. Leth, On the envrionmental performance of 

a high-speed train, International Journnal of Rail Transportation, 2:1, p59-66, (2014) 

[34] https://www.gov.uk/government/policies/expanding-and-improving-the-rail-network 

[35] M. Linddahl, Sundin, T Sakao, Environmental and economical benefits of integrated 

product service offerings quantified with real examples, Journal of Cleaner Production 

(2013). 

[36] S. Lingegård, Intergrated Product Service Offerings for Rail Infrastructure – Potential 

Benefits and Challenges. Licentiate Thesis No 1515, Linköping University (2012). 

[37] European Commission WHITE PAPER Roadmap to a Single European Transport Area – 

Towards a competitive and resource efficient transport system, European Comission 

Report, COM(2011) 144 final 28/03/2011 

[38] http://www.bombardier.com/content/dam/Websites/bombardiercom/supporting-

documents/Sustainability/Reports/BT 

[39] E. Andersson, U. Carlsson, P. Lukaszewicz, S. Leth, On the environmental performance of 

a high-speed train, International Journal of Rail Transportation, 2:1, p59-66, (2014) 

 

https://www.gov.uk/government/policies/expanding-and-improving-the-rail-network
http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex:52011DC0144
http://www.bombardier.com/content/dam/Websites/bombardiercom/supporting-documents/Sustainability/Reports/BT
http://www.bombardier.com/content/dam/Websites/bombardiercom/supporting-documents/Sustainability/Reports/BT

