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EXECUTIVE SUMMARY 

This document has been prepared in the framework of the EU co-funded OPEUS-

project, which has been executed within Horizon 2020 - the EU Research and 

Innovation programme (2014-2020). OPEUS addresses topic S2R-OC-CCA-02-2015-

Energy usage, generation and saving approaches (call identifier H2020-S2RJU-2015-

01) as part of the Shift2Rail Joint Undertaking first open call and stands for 

“Modelling and strategies for the assessment and OPtimisation of Energy USage 

aspects of rail innovation”, and is aiming to develop a simulation methodology and 

accompanying modelling tool to evaluate, improve and optimise the energy 

consumption of rail systems with a particular focus on in-vehicle innovation.  

 

This document describes the investigations into the social, political, economic, 

environmental and operational requirements related to the energy usage in urban 

rail systems with in-vehicle focus. The key factors that influence energy 

consumption are:  

1. Social: safety, security, comfort and convenience of urban rail, speed of the 

journeys, availability of the information about the journeys in real-time, transport 

accessibility; 

2. Political: emphasis on low-emission policy, shifting from private to public 

transport, and optimisation of energy usage; 

3. Economic: operator’s attention on increasing revenue of urban public transport 

and decreasing total cost of ownership; 

4. Environmental: global goals such as limiting the growth of the Earth’s average 

temperature and decreasing the level of transport emissions and local pollutants in 

cities; 

5. Operational: optimisation of energy usage in duty cycles, energy loss reduction 

in regenerative braking, introduction and usage of new technologies and materials 

for optimisation of energy usage. 

 

The conclusion part presents the scope of the stakeholders’ requirements 

influencing energy usage. 

 

Thus, outcomes of this document are expected to support the WP07 of the OPEUS 

project that summarises all the results providing a critique of the energy 

consumption outlook leading to a global vision of energy in the urban railways. 
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1 INTRODUCTION 

1.1 SCOPE – URBAN RAIL SYSTEMS 

The EU population is 70% urbanised, and European cities are generating over 80% 

of the Union’s GDP (EC, 2013d). Thus, mobility within cities and between suburban 

areas and towns is incredibly important. According to UITP (2016), in 2014 urban 

rail accounted for 44.3% of all local public transport  journeys in Europe (13.6% - 

suburban rail, 16.2% - metro, 14.5% - tram/LRT). As the European economy is 

continuing to grow, so is transport demand.  

 

Expressed in kWh/pax-km, the energy consumption of urban rail is 0.12 that is 7x 

less than an average car in urban context. Nevertheless, energy usage is one of the 

top cost factors operating urban rail systems (UITP, 2014a). The total urban rail 

energy consumption in Europe is around 11T GWh per year (UITP, 2014a). For 

comparison, total net electricity generation in the EU-28 was 3.07M GWh in 2015 

(Eurostat, 2017b). Consumption Estimation of Urban Rail Systems is presented in 

Table 1. 

 

The steady growth of the urban rail systems market is noticeable worldwide 

including the EU, with Asia leading the way in terms of length of new track being 

constructed (Dauby, 2016).  

 

1.2 TARGETS AND EXPECTATIONS 

The aim of this document is to highlight key energy requirements faced by 

European urban rail systems in aspects related to their societal, political, economic, 

operational and environmental targets and expectations.  
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solutions of particular interest to improve the environmental performance of rail 

systems while reducing the costs associated with the energy usage. 

 

Outcomes of this document are expected to support the WP07 of OPEUS project 

that summarises all the results providing a critique of the energy consumption 

outlook leading to a global vision of energy in the urban railways. 
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2 ENERGY EFFICIENCY REQUIREMENTS RELATING TO URBAN 

RAIL SYSTEMS 

2.1 SOCIAL REQUIREMENTS 

2.1.1 SOCIAL REQUIREMENTS OBSERVATION 

While European authorities are focused on a modal shift from private transport to 

public one due to the decreasing negative impact of public transport on the 

environment, passengers tend to pay attention to safety, cleanliness, comfort and 

convenience (OSIRIS, 2013). Upgrading and modernisation of the urban 

infrastructure and train fleet in terms of providing better quality, higher comfort 

and new services (HVAC, real-time information, infotainment, etc.) influence the 

overall energy consumption and require more energy for urban rail operation. Thus, 

encouraging the modal shift requires the formation of a good perception of public 

transport within society. 

 

The passengers’ attitude to innovations in urban rail influences the dissemination 

speed of new technologies. Despite the fact that these technologies (especially, 

automation and driverless trains) help to reduce energy consumption, society in 

some more conservative cities or countries may have some reservations for the 

introduction of urban rail innovations in terms of safety and security fears, fears of 

job loss, etc. (OSIRIS, 2013).  

  

However, the safety records of driverless trains can boast excellent results, and 

acceptance has proven quick and enthusiastic in many locations where they have 

been introduced. A tendency we can see here: once a city has launched a UTO line, 

there is no way back: new ones are also designed as UTO, and older ones may be 

refurbished as UTO. Furthermore, passengers are expecting more and more from 

technologies in terms of real-time data providing for planning their journeys 

(Directorate-General for Research and Innovation (European Commission), 2017). 

 

According to the United Nations (United Nations, Department of Economic and 

Social Affairs, Population Division, 2015) and the World Bank (The United Nations 

Population Divisions World Urbanization Prospects, 2017), the share of urban 
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In addition, a coordinated deployment of Urban Intelligent Transport Systems (ITS) 

that optimises the use of existing infrastructure through a variety of means requires 

a series of decisions: supplement the existing legislation on access to traffic and 

travel data, providing specifications on Real-Time Traffic Information and 

Multimodal Information Services, as foreseen under the framework of the ITS 

Directive (2010/40/EU), facilitation the deployment of vehicle to vehicle and vehicle 

to infrastructure communication systems in urban areas (EC, 2013d, 2013c). 

 

2.2.3 OTHER EU PROJECTS AND EU INITIATIVES 

Previous projects related to energy optimisation in urban rail: 

1. MERLIN1 project (Sustainable and intelligent management of energy for 

smarter railway systems in Europe: an integrated optimisation approach) in the EU 

7th framework programme (2012-2015). The project was devoted to energy 

management in railway systems and was aimed at providing an integrated and 

optimised approach to support operational decisions leading to a cost-effective 

intelligent management of energy and resources. While urban rail was out of scope 

for this project, MERLIN did address smart energy management aspects of 

suburban services in the major urban conurbations, which is relevant to OPEUS.  

2. OSIRIS2 project (Optimal Strategy to Innovate and Reduce energy 

consumption In urban rail Systems) in the EU 7th framework programme (2012-

2015). OSIRIS was aimed at enabling a reduction of the overall energy consumption 

of Europe’s urban rail systems by 10% compared to current levels by the year 2020. 

To achieve this objective, the following deliverables were produced: definition of  

needs and operational requirements for the development of a global approach for 

energy usage in urban rail systems, standardised duty cycles and key performance 

indicators for tram, light rail and metro, developing a holistic model framework 

assembling existing proprietary traction and power network simulation modules 

into a complete urban rail system model, employing optimisation methodologies 

for the identification of efficient, reconciled strategies for realising low energy 

consuming urban rail systems, etc. 

 

                                                           

1 Information about the results of the MERLIN project: 
http://cordis.europa.eu/result/rcn/186794_en.html  
2 Information about the results of the OSIRIS project: 
http://cordis.europa.eu/project/rcn/102008_en.html  

http://cordis.europa.eu/result/rcn/186794_en.html
http://cordis.europa.eu/project/rcn/102008_en.html
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Ongoing project related to OPEUS project: 

The FINE13 project (Future Improvement for Energy and Noise) conducted in the 

framework of Shift2Rail, within the EU HORIZON2020 programme (2016-2019) is 

aimed at reducing operational costs of railways by means of a reduction of energy 

use and noise related to rail traffic. The objective is addressed to the reduction of 

greenhouse gas emissions, life cycle costs and the costs of vehicle operation. 

 

2.3 ECONOMIC REQUIREMENTS 

2.3.1 ENERGY AND TRANSPORT 

According to World Energy Outlook of IEA and OECD (2016), the oil price is 

expected to increase and is predicted to be at least 80$ per barrel (bbl) in 2020. 

This, together with volatility in the energy markets and power generation security 

pressures adds to the need for increased optimisation of resources in railways.  

 

Therefore, the main goal related to energy is avoiding an economy driven by fossil 

fuels by developing alternative energy and optimisation of energy usage (EC, 

2015b). Thus, the main attention is paid to electric modes of transport, and, 

especially to public transport – urban rail systems. 

 

2.3.2 DEMAND AND CAPACITY OF URBAN RAIL 

In terms of modal shift from private to public transport in metropolitan areas, urban 

rail is the preferred mode thanks to its superior mass transit capability allowing for 

a far higher throughput of people in a given unit of time compared to road, and 

usually requires considerably less land use  (UIC & CER, 2015). From 57.6 billion 

local public transport journeys in the EU made in 2014, around 44% are undertaken 

via urban rail systems: trams/LRT account for 14.5% of total travel, metro systems 

for 16.2% and suburban railways make up the remaining 13.6% of the total (UITP, 

2016). Furthermore, the capacity of urban rail systems is much higher than other 

modes of transport. The comparison is shown in Tab. 2 and in Fig. 4.  
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In addition, companies seek opportunities to reduce their dependency on state 

funding. They are encouraged to develop secondary, non-fare income. Thus, 

traditional business models in the public transport sector are under transformation 

(e.g. retail opportunities in stations, advertising, real estate development in and 

around rail facilities, digital signage, station naming auction, etc.).  

 

Table 2: Capacity characteristics of urban transport modes 

Generic Class Private Street Transit 
Semi-rapid 

Transit 
Rapid Transit 

Characteristics 
Unit/ 

Mode 

Auto on 

Street 

Auto on 

Freeway 
RB SCR BRT LRT RRT RGR 

Vehicle 

capacity, Cv 
sps/veh 4–6, total 

1.2–2.0 

usable 

40–

120 

100–

250 
40–150 

110–

250 

140–

280 

140–

210 

Vehicles/TU veh/TU 1 1 1 1–3 1 1–4 1–10 1–10 

TU capacity sps/TU 4–6, total 
1.2–2.0 

usable 

40–

120 

100–

500 
40–150 

100–

750 

140–

2400 

140–

2000 

Line capacity,[c] 

C 
sps/h 

720–

1050[b] 

1800–

2600[b] 

2400–

8000 

4000–

15,000 

4000–

8000 

20,000[b] 

6000–

20,000 

10,000–

70,000 

8000–

60,000 

Productive 

capacity,[c] Pc 

103 sp-

km/h 
10–25[d] 50–120[d] 25–90 

35–

150 

75–200 

–600 

120–

600 

700–

1800 

800–

4000 

Notes: [a] Abbreviations: sps = spaces; veh = vehicles; TU = transit unit; RB = regular 

bus; SCR = streetcar; BRT = bus rapid transit; LRT = light rail transit; RRT = rail 

rapid transit; RGR = regional rail. 

[b]With multiple parallel lanes and overtaking at stations.     

[c]Values for C and Pc are not necessarily products for the extreme values of their 

components because these seldom coincide.      

[d]For private auto, capacity is product of average occupancy (1.2– 1.3) and max. 

frequency, since all spaces cannot be utilized. 

Source: (Vuchic, 2007)        
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Figure 4: Comparative hourly capacity (pphd) at given headways  

 

Source: UITP, 2016 

 

2.3.3 TOTAL COST OF OWNERSHIP (TCO) 

The expression “life cycle cost”, covers the cost of all initial activities that created 

the system and the cost of future activities that will be required to keep that 

investment available for continued use, including energy consumption (Tinubu & 

Allen, 2005). For example, energy represents 15-20% of the operating expenditures 

of an LRT/tram network, and it is the second largest expenditure after staff costs 

(UITP, 2014b) (Fig. 5). So, to remain a cost-effective public transport mode, urban 

rail systems should find opportunities to save energy and reduce waste.  

 

Thus, the operators should pay attention to the train TCO when they procure new 

rolling stock, and keep an appropriate balance between initial price for the train 

and cost during a life cycle (energy efficiency, maintainability, etc.). Sometimes more 

expensive but energy-efficient trains at the initial stage might save costs in further 

operation. 
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Figure 5: Indicative urban rail rolling stock capital and operational expenditures  

  

 

Notes: This LCC representation is indicative as cost split varies strongly from country 

to country according to labour costs, energy cost, fleet structure (size, age, etc.), 

alignment (segregated, mixed traffic, topology, distance between stations, etc.) and 

infrastructure conditions (wear and tear, etc.) 

Source: UITP, 2017 

 

2.3.4 ADDITIONAL REVENUE AND ENERGY USAGE GROWTH 

Recently, the share of non-fare income has started to grow due to a desire to 

decrease the dependence on public funding. However, additional commercial 

revenue might require additional energy usage (e.g. advertising and TV screens in 

rolling stock and stations, or new services for passengers). The examples of such 

advertising are presented in Fig. 6 and 7. 

 

This however negligible increase of energy usage from additional sources of 

revenue (advertising revenue, additional passengers through higher comfort) could 

be covered in the grand scheme by regenerative braking power. 

 

 


































