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Project execution
The Commission was required to provide, by the end of 2004, report on the possibility to maintain, or not, cadmium, in the exemption list of Directive 2000/53 on End-of-Life Vehicles.  
Through this multidisciplinary approach, SUBAT allowed to define an overall view of all aspects of the automotive traction battery market, in order to provide the Commission with a valuable policy support tool that assisted in tracing the pathways for the sustainable transport of the future.
The SUBAT consortium, composed of three universities, VUB, ULB and DESA on the one hand, and four associations, AVERE, CITELEC, CEREVEH and CEI, on the other, made therefore a comprehensive and complete assessment of commercially available and forthcoming battery technologies in the world.

The composition of the consortium, entailing no manufacturer, guaranteed a total neutrality of the study that was composed of:

· a technical assessment comparing their performances for full EV and HEV (specific energy, specific power, proven cycle life and calendar life, life cycle cost analysis, operation at extreme temperature, charge acceptance, maintenance issues, safety, energetical efficiency of the battery systems, availability of recycling process at industrial stage, operation during applications).  SUBAT also took into account the status of these batteries as to their availability as commercial products.

· an environmental assessment in order to be able to give them an environmental score which could designate them as being a sustainable solution or not. A life-cycle-analysis approach investigated availability of primary materials, environmental impact of extraction and manufacturing of the battery, emissions from the battery during use, release of components in case of accident, recycling of active materials, production of non-recyclable waste and environmental impact of recycling processes.

· an economical assessment with both a micro-economical analysis of production, manufacturing cost of the batteries, forecast cost for the consumers and a macro-economical study to take into account the position of battery manufacturers on the global market, assessing European vs. non-European products and influence on the European trade balance.

In spite of a very short time, we are proud to confirm that all initial objectives have been achieved and in particular that WP1 made a full technical assessment of industrial battery systems to be used in electric and hybrid vehicle applications, taking the nickel-cadmium battery as a benchmark.
In particular, for all these batteries, the technical state-of-the-art was analysed, focusing on the typical characteristics which are relevant for the selected applications: the battery-electric vehicle  and the hybrid vehicle.
The approach focused on the battery considered as a system. State-of-the-art battery systems need in fact to be considered beyond the “cell” level, considering the battery as a black box encompassing ancillary components such as the battery management system. The issue of battery management systems was particularly considered taking into account their influence on the battery efficiency, life time and operating performance. 
The outcome of WP1 was a full technical overview of battery technology; this document was a satisfactory outcome even beyond the mere scope of SUBAT, since it allows technical assessment of battery technologies as a key information tool to potential users.

WP2 made a full environmental assessment of industrial battery systems to be used in electric and hybrid vehicle applications, based on a life cycle analysis, and taking the nickel-cadmium battery as a benchmark. Hence the objective was to calculate the environmental impact taking into account the input and output flows of both materials and energy related to the different steps in the whole chain of activities required for production, use and dismantling (cradle tot grave).

In particular, a selection procedure has been performed to select the best adapted software tool to perform the life cycle analysis. The evaluation of the different commercially available software tools was based on numerous criteria which can be grouped in: “service”, “functionality” and “database”.

This procedure resulted in the selection of the Simapro software tool, developed by PréConsult (The Netherlands).

As information and data gathering is essential for the performing of LCA, attention was paid to the quality of the available databases for Simapro. But next to that, three extensive questionnaires (including technical, economical and environmental questions) have been developed to enable the consortium to gather data in the most comprehensive and relevant way it possibly can. One of the questionnaires was dedicated to battery manufacturers, another one to car manufacturers and the last one to battery recyclers. A list of companies to be approached has been prepared in order to gather the data for WP2, as well as for the other work packages.

Information regarding the extraction of raw materials, production, use, dismantling and destruction processes of the different battery technologies has been structured, to enable the study of all the environmental inputs and outputs over the whole life cycle of the products.

Once the information had been structured, it has been introduced in and processed with the software tool to perform a quantitative environmental impact analysis (LCA) for a number of battery technologies (lead-acid, nickel-metal hydride, nickel-cadmium, sodium nickel chloride, lithium-ion). These technologies have been selected based on their commercial and technological interest. Both the hybrid electric vehicle traction batteries and the battery electric vehicles traction batteries have been assessed. To assess the robustness of the results, a sensitivity analysis has been performed. This analysis confirmed the results.

For maximal comprehensiveness, a qualitative analysis has been performed for an extensive range of less widespread batteries or batteries which are not yet available on a commercial basis: nickel-zinc, lithium-ion polymer, lithium metal, zinc-air, nickel-iron, silver-zinc and redox batteries.

WP3 made an economical assessment of the potential use, for electrically propelled vehicle applications, of alternative advanced battery technologies in lieu of the current ones such as nickel-cadmium, in terms of total expected life cycle costs for the consumer, as well as the consequences for the European industry. 
This WP made in fact two separate studies.  
The Micro-economical study analyzed all factors that contribute to the cost of a battery for the user. 
· production cost of the batteries and forecast purchase cost for the OEM, taking into account that the more advanced battery types are not yet present on the market; This analysis looked at the cost of the main materials used in the batteries, with their market availability, and projected cost trends, as well as the cost of manufacturing (product complexity, required capital expenditures, etc.). 

· cost associated to the implementation of the battery product into systems (control electronics, safety devices, charging equipment, gains/losses in mass/volume, etc.), i.e. the total cost of the function.

· cost issues for battery producers and vehicle manufacturers to switch to new technologies.

· cost of use (e.g. charging/discharging efficiency, facility of use, maintenance, replacement during the life of the vehicle, etc.)

· cost of recycling

The Macro-economical study took into account the position of battery manufacturers on the global market, assessing European vs. non-European products and influence on the European trade balance and perspectives by 2010:

· Who are the most likely suppliers of advanced technology batteries to the surface transportation industry?

· Where are they located? What links do they have with the motor industry (e.g. first tier suppliers)

· Comparison to other industries where switch of technologies have already taken place (e.g. portable computers, mobile telephones, etc.)

On this basis WP3 build several scenarios on the possible emergence of these new battery technologies by 2010 as well as on the consequences for the European industry.

WP4 gathered all data necessary for the execution of WP1 to 3 and acted as a clearinghouse for all information that is relevant for the SUBAT project. 
All project partners were participating in this data gathering process, dividing the work among each other according to sectorial and geographical divisions, in order to avoid double work and to maximize the efficiency in the performance of the project.

The whole chain of activities, required for the production of a certain product was taken into consideration. Both emissions of potentially harmful substances and consumption of natural resources was analysed. In this way, different technical systems producing the comparable utility could be followed from cradle to grave and can be compared with regard to their impacts on the environment.
The methodology for the data collection featured both research actions (collecting information through bibliography, journal papers, symposia,...) as targeted meetings with relevant actors in the field (battery suppliers, vehicle OEMs, materials suppliers, recyclers,...) in order to cover the whole life cycle of the battery.

Problems encountered in the execution of WP4 were mostly related to the collection of enough reliable data, many of which are proprietary and demanded an effort from the data supplier. For this reason, some of the less used battery technologies have only been submitted to a qualitative LCA study with limited scope. For the main technologies taken into account (Pb, NiCd, NiMH, NaNiCl, Li-ion) however, WP4 succeeded in gathering more data; the soundness of the model towards these data has been underlined with a sensitivity analysis in WP2.
The outcome of WP4 has allowed the other work programmes to perform as desired.

Finally, WP5 provided an overall assessment of the battery technologies to be considered in SUBAT, uniting the outcomes of WP1 to 3 in a comprehensive approach encompassing all relative issues

In particular the different battery technologies have been assessed in the different work packages. 
However, the battery technologies have been compared and ranked based on different parameters (environmental, technical, economic parameters). These parameters could result in contradictory rankings. To integrate the conclusions of the different work packages, a multi-criteria analysis has been performed. This method provided the possibility to obtain an objective ranking of the different battery technologies based on different parameters (environmental, technological, economic) as well as on different perspectives (political, consumer, manufacturer). 
The different perspectives allowed the consortium to stress the aspects the respective stakeholders have and to compare the results of the different rankings. Additionally, a presumed evolution of the different technologies was simulated and in order to compare the “potential” of the different technologies at the 2012 horizon.

Dissemination and use

Due to the confidentiality agreements the SUBAT consortium had to sign in order to get the relevant data to perform the study, the final report has to remain confidential.

A public report has however been compiled.  It has also the advantage to integrate the results coming from the individual assessment fields into one single overall assessment approach.

This document was presented at the SUBAT final conference that took place on 6th April 2005 just after the closing ceremony of EVS-21 and is available upon request or to be downloaded from SUBAT web site to be found at http://www.battery-electric.com/index.html.
As the aim of the study had a very specific goal, being to provide the Commission with a comprehensive and complete assessment of commercially available and forthcoming battery technologies in the world to help it to provide report on the possibility to maintain, or not, cadmium, in the exemption list of Directive 2000/53 on End-of-Life Vehicles, the SUBAT study was, right from the beginning seen as an internal tool not to be publicly available.

Therefore no plan for using and disseminating the knowledge has been set up, also because all of the deliverables were classified as confidential.

However, the SUBAT project provided all partners with an up-to-date technical description of electrically propelled vehicle traction battery systems, allowing mutual comparison and assessment of various technologies in function of the application and the operating environment.
This information is particularly useful for partners such as CITELEC, AVERE and CEREVEH whose main task is to provide such information to interested partners including their members which are all interested in environmentally sustainable transportation systems. 
Although  none of the consortium member itself are engaged in commercial exploitation of the results, being either non-profit association or universities, these activities were essential to allow development of the electrically propelled vehicle into a commercial product, by opening the market for these new technologies through promoting their deployment in specific applications like city fleets for which battery-electric vehicles are ideally suited. 
The sound scientific background of SUBAT provided for proven and reliable information supplied by the project’s deliverables, which is a key issue concerning the fact that commercially available information is often of a publicitary and biased nature.
The knowledge produced by SUBAT Project will be used as a contribution to the energy and environmental comparison among the different road vehicles. In this respect, CEI is providing a study the Italian Ministry of Environmental.
The knowledge of SUBAT is also intended to be included into future research project to be presented to UE Commission.

In addition, in order to comply with the 6th FP, some publications on the methodology were made as shown in below table.  Copyrights are of application on the conference and journal publications mentioned in the next section of this document.
	Type
	Type of audience
	Countries
	Size of audience
	Partner responsible involved

	Conference EVS-21 – Worldwide International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition Monaco 2nd-4th April 2005. Dedicated SUBAT-session
	Industrial, academic and policy makers, experts in the field of electric vehicles
	Delegates from more than 40 countries from more  all over the world
	1000-1200 delegates
	AVERE

	Conference EVS-21 – 21st Worldwide International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium & Exhibition Monaco 2nd-4th April 2005 Comparative Sustainability Assessment of different Electric Vehicle Traction Batteries using LCA. Presentation J. Matheys et al.
	Idem
	Idem
	Idem
	VUB

	Article: In press: Journal of Power Sources: SUBAT: An assessment of sustainable battery technology. P. Van den Bossche et al.
	International experts in the field of Power sources
	International peer-reviewed scientific journal
	Unlimited, access to the Journals is possible through the internet
	Citelec

	Conference: 24th International Power Sources Symposium & Exhibition 18th-21st April 2005, Brighton, UK. An assessment of sustainable battery technology. Peter Van den Bossche et al.
	Experts in the field of Power Sources
	International
	
	Citelec

	Article: In reviewing phase: International Journal of LCA: Influence of Functional on the life cycle assessment of traction batteries. Van Autenboer et al.
	Experts in the field of LCA and environment
	International
	Unlimited, access to the Journals is possible through the internet
	VUB, Citelec

	Article: In reviewing phase: Transportation Research Part D: Multi-criteria analysis dedicated to the determining of sustainable traction battery technologies. Macharis et al.
	Experts in the field of transportation technologies and environment
	International
	Unlimited, access to the Journals is possible through the internet
	VUB, Citelec

	Article: In reviewing phase: Environmental Science and Technology: Environmental Life-cycle Assessment of Hybrid Electric Vehicle Battery Technologies. Matheys et al.
	Experts in the field of environment
	International
	Unlimited, access to the Journals is possible through the internet
	VUB, Citelec

	Different articles in preparation to be submitted to different international journals
	Experts in different fields including environment, engineering, power sources,
	International
	Unlimited, access to the Journals is possible through the internet
	VUB, Citelec

	Scientific publication “Journal of power sources”
	Scholarly public
	International
	All
	VUB, Citelec

	Conference “International Power Sources Symposium”, Brighton, UK
	Scholarly public 

Battery industry
	International
	200
	VUB, Citelec

	Conference “All Electric Combat Vehicle”, Bath, UK
	Scholarly public 

Vehicle manufacturing

Military
	International
	200
	VUB, Citelec

	European ELE-DRIVE Transportation Conference & Exhibition that was held on 18th and 19th March 2004 in Estoril, Portugal.
	Conference
	International
	250
	AVERE

	October 2004, Sanremo, see 1 below
	Conference
	Transport Industry
	Italy
	150

	October 2005, Bologna, see 2 below
	Conference
	Transport Industry
	Italy
	150

	June 2004, AEI review, see 3 below
	Publication
	Electrical Engineers and Industries
	Italy
	5000

	November 2004, Unione e Certificazione review, see 4 below
	Publication
	Electrical Engineers and Industries
	Italy
	15000

	Website
	General audience
	Worldwide
	52,645 total hits on 28th September 2005, The public report is available online and is downloadable.
	All

	Leaflet
	General audience
	International, leaflets have been distributed in different continents
	2000 laflets have been printed and distributed
	All


Item 1: during the conference the SUBAT Project was presented by the report of Dr. G. Clerici “Trazione a Batteria”.

Item 2: the main results of SUBAT will be included in the report of Dr. P.Menga “Veicoli elettrici: il ruolo dell’AVERE”.

Item 3: a summary of SUBAT motivation and goals was released in the section “Imprese e mercati” of the AEI review.

Item 4: the description on the SUBAT motivation, goals and structure, with the partner presentation, was released in the contribution “Sustainable Batteries: un’opportunità per il veicolo elettrico” by Dr. R.Trombetta.

The SUBAT website (http://www.battery-electric.com) will be maintained after the end of the project, offering access to public dissemination materials and being the first channel to disseminate project information. Links were organized from each of the partner’s web site.  About 2000 leaflets presenting the projects have been handed.
Contributions on the SUBAT project results have also been disseminated towards more scholarly channels. A paper has been accepted by the highly rated “Journal of Power Sources” will be published by the end of 2005. Furthermore, SUBAT has been presented on a number of international scientific conferences, among which the “International Power Sources Symposium” and the “All Electric Combat Vehicle” symposium, both of which were held in the UK in the Spring 2005.

Finally, it has also to be noted that further presentations on SUBAT will be made, like already planned for next June in Reims, under the generic title “Environmental impact of Electric Vehicle Traction Batteries: A comparison using LCA”, see http://www.inrets.fr/services/manif/env-trp2006/index.e.html
To be also noted that a "hearing" session has been organized during the 2004, European ELE-DRIVE Transportation Conference & Exhibition that was held on 18th and 19th March 2004 in Estoril, Portugal. This was an excellent opportunity to present SUBAT a very good way to have direct contact with potential interviewees.

The study and provisional conclusions were presented at the TAC meeting held in Brussels on 2nd December 2004.
The SUBAT final conference took place on 6th April 2005 just after the closing ceremony of EVS-21 where nearly 1000 delegates participated.  The conference itself was announced on the conference web site and in the final programme of which 20 000 copies have been issued.
Separate e-mail announcing the conference has been organized and sent to around 10 000 e-mail addresses.
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