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1  Introduction

In the near future the total environmental impact of all transport systems will grow in line with the increase of the overall transport volume. For many types of long-distance transports railway often is an environmentally advantageous transport system. Therefore transfer of transport capacity from less environmentally good transportation systems to railways has the potential of reducing the overall environmental impact. To strengthen the position as environmentally advantageous, and to make way for a transfer to railway transportation, the rail-industries will benefit from securing the environmental advantage by introducing quantitative and transparent environmental management systems that allows for continuous improvements of the environmental performance of all aspects of the railway systems.

The necessary continuous improvement of the environmental performance regards both the operation of the railway systems, as well as the design of the technical facilities. Regarding the facilities, the environmental aspects of the design regards not only reduction of energy consumption, emissions, noise, and vibration during the use phase, but equally important are the use of ecologically sound materials, the use of renewable materials, avoidance of hazardous materials, the choice of environmentally sound manufacturing processes, maintenance and refurbishment, and management of optimised recyclability at the end of the life of the vehicles.

The European project RAVEL
 (Rail vehicle eco-efficient design) develops a design for environment (DfE) system for the railway industry. The objective of RAVEL is to provide the capability of improving the eco-efficiency of railway vehicles during their entire life cycle. Improved eco-efficiency comprises not only a reduced environmental impact throughout the entire life cycle, but also a reduction of the life cycle costs. RAVEL therefore covers all phases of the development process, from tender through design to the operator’s evaluation:

· assistance in the definition of environmental targets

· guiding and supporting the environmentally conscious product design of railway vehicles

· support the designer by giving advice on environmentally sound materials, recyclability, maintenance, repair and refurbishment

· enable the documentation of environmentally relevant product data

· enable the evaluation and validation of the environmental properties at every step of the development process

· provide input for standardisation of railway vehicle specific environmental aspects and data formats.

The project has developed a methodology and data formats, and implemented these as a web based prototype. This ”RAVEL Workbench” comprises of tools that enable a significant improvement of the eco-efficiency of railway vehicles. It comprises:

· analysis tools allowing to measure the quantified environmental performance of rail vehicles and components based on indicators

· target setting tools to quantify environmental requirements

· tools to communicate environmental requirements and performance between different actors (operators, rail vehicle manufacturers, suppliers) or individuals (designers, project managers, environmental experts)

· a knowledge base to support the individual actors in the DfE process by supplying appropriate documents, guidelines, and experience

· DfE project management tools

2  The Concept of Environmental Performance Indicators (EPIs) 

The purpose of Environmental Performance Indicators is in the widest sense to provide information about the state or changes of the environment and/or the impact on the environment from an activity in the society. Indicators of the first kind are called Environmental Condition Indicator in the ISO nomenclature described in the standard ISO 14030. The second type is called Environmental Performance Indicator and is the type referred to in the RAVEL project. In the ISO definition an EPI is a ”specific expression that provides information about an organisation’s environmental performance”. And environmental performance in turn is defined as ”results of an organisation’s management of its environmental aspects”. Many companies have implemented indicators of this kind as part of their environmental activities e.g. within the framework of an Environmental Management System (EMS). For the railway sector UIC has prepared guidelines for environmental indicators.

Environmental Performance Indicators were at an early stage found to be crucial in the RAVEL methodology, since they are needed in several applications:

· Communication of requirements

the indicators offer the customer the means to communicate quantified environmental requirements towards a supplier by setting targets. This supplier can be external (e.g. from operator towards rail vehicle manufacturer, or from rail vehicle manufacturer towards subsupplier) or internal (e.g. at a manufacturer’s site from project manager towards individual design departments).

· Communication of results

the information also flows in the other direction, from supplier towards internal or external customer, in order to communicate the performance of a design.

· Assessment of designs

the indicators allow designers or project managers to self-assess their ideas and proposals before communication towards the customer. The transparency of the indicator definitions and data communication format as developed within the RAVEL project ensures the traceability of indicator scores towards the individual components of a train, thus enabling a thorough analysis of the potentially bad scores’ causes.

· Selection between alternatives

Due to the envisaged standardisation of the indicators, the selection between alternative designs or tenders is objectified both on a vehicle level (tender evaluation) as on a component level (designers)

· Linking knowledge to design situations

The DfE guidance needed by a user, is determined by the targets that he needs to meet. Therefore, supporting guidance and knowledge should be structured according to the indicators. 


In other words, EPIs are the heart of RAVEL workbench and effectively determine the usability of the tools developed.

The general concept of EPIs outlined in the ISO 14030  standard has been adopted in the RAVEL project. Here, EPIs carry information about the environmental performance of the operation and to a certain extent management of a rail vehicle. The ISO standard distinguishes between Management Performance Indicators(MPIs) and Operational Performance Indicators(OPIs) and in the RAVEL project  most EPIs are of OPI type. However, to a large extent the RAVEL EPIs describe the performance of a specific product and in that sense deviate somewhat from the ISO 14030 standard.

3  The Development of RAVEL Environmental Performance Indicators (EPIs)
In the RAVEL workbench EPIs fulfil a range of needs, as they:

· provide information about the environmental performance of a train 

· connect technical and environmental properties

· simplify the assessment of complex environmental relationships.

The first point is connected to the very goal of the project i.e. to improve the environmental performance of rail vehicles, expressed as eco-efficiency. A complete information on this can never be acquired. The approach is to select and define indicators in such a way that they provide relevant and sufficient information so that meaningful comparisons can be made between different designs. As an example , a reference train has been selected within the RAVEL project to provide a base line for calculation of the improvement in eco-efficiency of new designs developed by means of the RAVEL workbench. A group of EPIs has been selected and defined for the base-line eco-efficiency. A second example, of the need for information about the environmental performance of a train, could be the communication of the superiority (if so) of train transport compared to road transport. In that application a few indicators might serve the purpose. One might e.g. use the EPI ”emissions of CO2 per tonne-km” to compare freight transport by train and by truck.

The second point above is also crucial in the RAVEL project as the workbench is to be used as a tool for the train designer. Different technical solutions have different environmental impact during the products life cycle. Indicators are needed to inform the designer of the magnitude and nature of the environmental properties connected to a specific technical solution. 

The mechanisms that are involved in many environmental issues are generally complex. This means that the connection between, e.g. some kinds of substance emitted to the environment and the effects caused by this emission generally can not be described in a simple way. Also, one substance often causes a range of effects. Here, EPIs can be used as proxies for the effects caused by such emissions. Hence, the indicators are chosen and defined to inform of the environmental impact in an indirect and often simplified way.

The RAVEL workbench contains tools that will be used in many applications and by various users: designers, environmental experts and in procurement projects. The function and use of EPIs hence show a large variety. Generally, EPIs are used for comparison of environmental impact. This comparison takes places at different levels of a rail vehicle: complete train, system, subsystem and component level. Further, the comparison is made at different stages of the train design and manufacturing: tender evaluation, conceptual stage, design stage, detailed design and manufacturing. The relevant selection of indicators and their use will hence reflect these dimensions.

Selection and definition of EPIs can be based on a number of principles. There is no generally applicable method for this. Following points may be input to the process:

· State-of the art of scientific knowledge about environmental impact categories (e.g., emissions of CO2) and their connections to environmental degradation (e.g. climate change)

· State-of-the-art of general understanding of consequences for health, biodiversity, natural resources etc, induced by environmental degradation

· Values (as adopted by a company, policies, the society, laws and regulations) that determine the importance of the ranking between the above categories

· Pre-knowledge of the significance of the various impact categories in connection with rail vehicles

· The connection between the design process and the environmental impact of the rail vehicle  i.e. indicators to be used in the design process should reflect the possibilities by design changes to influence the environmental impact from the vehicle

· Availability of relevant data and the quality of data may also govern selection

Further, choice of EPIs is closely linked to the adoption of system boundaries. For example, if the system boundary does not include electricity generation plants the EPIs that mainly relates to power generation are excluded. Hence, the selection of EPIs depends on the category of rail vehicle and the external conditions. The selection of indicators reflects the importance assigned to different impact categories and the choice of system boundaries. EPIs can be grouped according to various principles, such as use of materials or energy during the life cycle. The grouping principle chosen in RAVEL is based on the life-cycle stages of the rail vehicle. Particularly in the materials use group there may be a need to rank different material species to reflect their importance in terms of environmental impact. The principles for such ranking is, however, not obvious. It can be done e.g. on the basis of the principles above, keeping in mind the inevitable subjectivity involved. This is part of the general problem of evaluation and comparison of different types of environmental effects.

Indicators for environmental performance should be related to the function performed and to the lifetime of the product. Here is adopted the term functional unit which is commonly used in the Life Cycle Assessment field. For freight trains and passenger trains the functional units are tonne-km and passenger-km respectively. The calculation for some EPIs requires an estimate of the vehicle lifetime, which should be part of the technical description of the vehicle. Further, the expected yearly distance of operation is required. This shall be defined as part of the external conditions when assigning values to an indicator.

The currently implemented RAVEL EPIs are listed in the following table.

Degree of inventoried materials
Total energy consumption during use
Existence of scrap-manual                                                                                                       

System mass
Combustion emissions during use
Possible material recycling rate

Amount of restricted materials
Spare parts and consumables
Marking of selected material and component groups

Amount of prohibited materials
Turning of wheels
Disassembly time

Cradle-to-gate material index

Possible hazardous waste rate

Fraction renewable materials

Possible landfill rate

Fraction recycled materials

Component complexity

Fraction reused components



Suppliers with EMS



Since the RAVEL project will be closed in October 2001, the final demonstrations and validation are not yet performed in may 2001, nor the final EPI documentation.
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