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Abbreviations

CRT Continuously Regenerating Technology

fahma Fahrzeugmanagement Region Frankfurt RheinMain GmbH

HLB HLB Bahnen GmbH (railway company)

MTU Engine producer MTU

PM Particulate matters

R&D Research and Development

RMV Rhein-Main Transport Network



1 Background information

The Rhein-Main Transport Network (RMV) covers 14.000 km?2 serving a population of over 5
Million. The Taunusbahn is a line that is part of the RMV, operated by the HLB Bahnen GmbH
(HLB) railway company supplying regional transport links from Frankfurt main station to cities
and communities in the higher Taunus mountains such as Kénigstein, Bad Soden and Bad
Homburg.

In the last 20 years the passengers per working day on these lines increased by 625%. In order
to meet the needs of the passengers, the capacities and the quality of existing services were
improved. Therefore, the ‘Fahrzeugmanagement Region Frankfurt RheinMain GmbH (fahma)’, a
100% associated company with limited liability of the RMV, purchased new railcars and provided
them to the HLB.

In 2004 fahma published a European tender for the production and delivery of ten two-part
railcars.” All railcars have been in operation on the lines since December 2006.

fahma is responsible for the finance, the procurement and the hosting of vehicles for the regional
rail transport and the supply of these to railway companies. Since 2003 fahma purchased and
tendered for vehicles and services for the ‘Odenwaldbahn’ and ‘Taunusbahn’ with an overall
budget of 112 Million Euro. Over 30% of the procurement activities have gone beyond the legal
minimum requirements for environmental criteria, especially focussing on reducing emissions by
applying EU stage llla and EU stage Illb emission standards earlier than required.?

The winning bidder for the ten railcars was Alstom LHB GmbH (Alstom)?, offering vehicles of the
type CORADIA LINT 41 / H that are equipped with two powerpack®® engines provided by the
company MTU of each 335 kW and particle filters provided by the company Hug Engineering.

2 The new Eco-Technology

In 2003 MTU started an EU-funded pilot project to assess the possibilities of including particle
filter systems into the engine system. In the CORADIA LINT series, a catalytic coated filter is
used consisting of two functional filter units in parallel connection. It is based on the wall flow

The tender is published under the identification number 2004/S 240-206797 — Public announcement for the award
of contract.

Rail Traction Engine standards adopted by the European Parliament on 21 April 2004 (Directive 2004/26/EC) for
engines from 130 kW to 560 kW used for the propulsion of railroad locomotives and railcars need to fulfil the
following limits: from 1 January 2007 stage llla (CO 3,5 g/kWh, HC -, HC+NOx 4,0 g/kWh, NOx -, PM 0,2 g/kwWh),
from 1 January 2012 stage Illb (CO 3,5, HC -, HC+NOx 4,0 g/kWh, NOx -, PM 0,025 g/kwh).

Alstom LHB GmbH and its German site Alstom LHB in Salzgitter offers railway technique all over the world,
focussing on high environmental standards and on the same time pushing innovation to get the first mover
advantage regarding environmentally friendly products.



principle that uses a holed and coated wall through which the exhaust emissions flow, reaching
a filtration efficiency of 95% of the particulate matters. The passive regeneration is achieved by
the catalytic elements (coated wall).

Figure 1: Technical scheme of the engine + patrticle filter (left); The mounted particle filter (right) (Graphic/
Photo: MTU/ Alstom/ B. Rosenthal)

The availability of the whole product (railcar) has a delivery timeframe of two years. The
additional costs for the environmental friendly version are for each filter 45.000 Euro, resulting in
approximately 3% additional costs of the total product costs of approximately 2,7 million Euro.
With current testing, fuel consumption is the same as those railcars that do not use a particle
filter. There are negligible costs for the maintenance of the filter system.

3 The drivers responsible for this new Eco-Technolo gy

In 2005 a national discussion about the high emission levels of particulate matters* in the air of
cities like Munich and Frankfurt/ Main influenced local politicians to take measures in reducing
the particulate matters in urban transport.

The discussion on particulate matters in the region Higher Taunus also influenced the tendering
of railcars for the ‘Taunusbahn’. The Head of the District Authority of Higher Taunus gave clear
political backing of the tendering process and supports the introduction of particle filters in
railcars. Additionally, the RMV climate protection strategy builds the base for reducing the
emission levels in public transport. It is an objective of the RMV to use vehicles that meet the
standards that will come into effective in future years.

4 Particulate matters are defined as “A small discrete mass of solid or liquid matter that remains individually

dispersed in gas or liquid emissions (usually considered to be an atmospheric pollutant)” (Source:
www.wordwebonline.com)



4 The tendering process

The tender was issued on a European level and the procurement used a negotiated procedure.
That means companies showing interest in the tender are invited to discuss the options and
possibilities before a modified binding tender is issued. In these consultation sessions
companies showing interest in the tender had the possibility to ask questions and communicate
remarks to the tender documents and technical specifications. This method proved to be very
valuable because the purchaser and supplier were able to discuss technical requirements such
as how to achieve EU stage llla/ lllb emission standards. fahma asked for a concept note for a
particle filter as part of the tendering procedure with the aim to find a suitable solution to reduce
costs for Research and Development and ensure the railcars could be delivered in a two-year
timeframe.

4.1 Assessing the tender

The tender was issued on 2 December 2004 including both the tender document and the
technical specifications. Companies interested in participation had time until 16 February 2005
to express their interest and indicative prices. 5 European-based companies and 2 Asian based
companies presented the required documents. Four bidders were pre-selected using defined
selection criteria (see below). The consultation process took place from 18 March 2005 until 4
April 2005, leading to the adaptation of the tender documents and the technical specifications
that were mailed out on 22 April 2005. During this time the inclusion of a particle filter was
discussed and included as optional criteria. After this point, the bidders had one month to
complete their offer. After receiving two offers fahma awarded the contract to Alstom on 26 June
2005.

4.2 Developing the green procurement criteria

The initial development of the green criteria for the tender took place in co-operation among
fahma, the RMV and the HLB. They used internal technical knowledge and special expert
knowledge on green criteria provided by ‘GreenDeltaTC’ consultancy as well as criteria relating
to the life cycle cost calculation (LCC) developed by ‘Die Ingenieurwerkstatt’.

Following the call for tender and during the consultation phase Alstom stated that this approach
was the correct approach in that it was focussing on strong environmental impacts during the
usage phase of the product. Alstom were also able to use their experience gained with fulfilling
the obligations of public tenders in Sweden which have even more stringent requirements and
focus more on the whole lifecycle including research and development, production, use and
disposal/recycling.



The GreenDeltaTC study delivered a set of green criteria addressing noise reduction, emission
levels, fuel consumption, avoiding harmful substances, recycling manual, and lifecycle
assessment among others. The most relevant criteria (emission levels, fuel consumption and
avoiding harmful substances) were included into the technical specifications (see 5.3).

4.3 The green procurement criteria
The first tender document, which included technical specifications, contained the following
minimum green requirements:

Noise levels referring to ISO 3095
(Lamax = 90 dBA)

Lowest fuel consumption as possible

Avoidance of specific toxic materials

(e.g. arsenic, chrome)

Emission standards based on the
Directive 97/68/EG Stage llla

These minimum requirements meet current legislation. The selection process was using a
quality management system with a scoring matrix, supported by a bonus/malus-system. The
selection criteria were as follows:

Price of the offer (60%) Maintenance — exchange time (10%)

Fuel consumption (10%) Delivery time (8%)

Maintenance — activities (7%)

Downtime during warranty (5%)

After the consultation round additional green criteria were included into the technical
specification parts of the tender documents, focussing on engines that can use low sulphur
content fuel (<0,005%) and on the requirement to equip the engines with particle filters or
developing an obligatory retrofitting concept. The requirement to equip the engines with particle
filters was a key impetus for the further development of this new Eco-Technology and to assist
with bringing it onto the market (see section 5). Contract performance clauses included tests and
environmental documentation related to the above-mentioned criteria. Tests, especially about
the performance of the patrticle filter, are scheduled for 2007.

The green criteria did not refer to any eco-labels, but used current EN and 1SO standards.
However, self-declarations® of the supply and sub-suppliers were used to assess whether the
product complies with the requirements set in the tender documents.

Technical documents provided by the supplier e.g. showing the fuel consumption of the railcar or that materials
used to build the railcar do not contain certain chemicals



5 Results of the tendering process and the key fact  ors that
triggered the market for the Eco-Technology

The patrticle filter using the wall flow system was the first to be included into a diesel railcar at an
international level. It has been presented to different regional, national and international
stakeholders as a leading example of how innovation, environment and being the first on the
market come together and build a real business case that is economically viable. Sigmar
Gabriel, Environmental Minister of the Federal Republic of Germany commended the efforts of
fahma and Alstom by saying that this Eco-Technology proves that “ambitious environmental
policies and prosperous economic developments do not exclude each other” (Alstom press
release 15/09/2007).

The Eco-Technology ‘particle filter for diesel railcars’ corresponds to recent technologic
developments whose objective is to reduce emissions by improving the engine technologies.
The ‘Taunusbahn’ procurement approach not only stimulated R&D to develop economic efficient
eco-solutions at Alstom, MTU and Hug Engineering, but also provided a business case that
ended in a breakthrough of this Eco-Technology on international markets.

In the case of the ‘Taunusbahn’ the inclusion of the particle filter into the tendering process
followed a four-step approach:

1. Assessing the current market availability of the product;

2. Calculating the risk for stimulating innovation and fostering development of a new
Eco-Technology;

Calculating the expected costs;

Introducing optional criteria in the post-award phase of the tendering process by demanding
a concept note for a particle filter.

The assessment of the market availability was done in advance of the tender with key European
suppliers asking for the actual technical capacities to fulfil EU stage Illb emission standards. The
outcomes clearly indicated that technical solutions are ready to be adapted to the specific
demands of railcar engines, but that the demand so far (in 2005) did not permit series
production. fahma stepped into this gap and awarded the contract to the supplier with the most
economically efficient but also ambitious concept to include particle filters. Therefore, a key
result of the procurement process was the demand created for the particle filter.

Before including the requirement ‘concept note on particle filters’ into the technical specification
document, fahma undertook a risk calculation including the anticipation of additional costs and
the validation of legal requirements and impacts on market distortion. This risk calculation was a
key element to get political back up even though additional costs were anticipated at that stage
of the process.



The assessment of the market availability together with the risk calculation provided a realistic
figure of the expected additional costs (45.000 Euro per filter).

Excerpt of the technical specifications document — ‘concept note particle filters’:

“The diesel engines have to be equipped with particle filters. If there does not exist the possibility to
include a technical solution in the binding offer, the offer of the bidder must deliver adequate information
on future technical solutions to be developed, time of realisation and preliminary cost calculations for the
retrofitting.

The railcar has to be supplied with technical possibilities to retrofit the engines with particle filters. The
supplier is obliged to retrofit the engines with particle filters when the required technical solution is
available. The costs have to be included in the offer.”

After awarding the contract, the concept note on the particle filter was further developed among
the purchaser (fahma), the user (HLB railway company) and the supplier (Alstom), in order to
get out a suitable solution that is both economic efficient and meets the high emission reduction
standards set by fahma (stage Illb in 2006). This highlights the importance of a good relationship
between the purchaser and supplier.

Along with increasing political discussions about particulate matters across Europe and the
impending emission standard stage lllb coming into force 1 January 2012, a steadily growing
demand is anticipated by companies further developing engines and filter systems (e.g. Hug
Engineering).

When focussing on the element ‘particle filter’, the impacts on the supply chain, resulting of the
issued tender can be seen on three levels: (1) Alstom as the supplier of the whole product, (2)
MTU as the suppliers of the engine and (3) Hug Engineering as the supplier of the particle filter.

(1) Since the delivery of the ten railcars for the ‘Taunusbahn’ end of 2006, Alstom offered the
CORADIA LINT series with particle filter in other competitive tender processes, and this has
been a strong asset for receiving the award of contract. Due to cost reasons the patrticle filter
was not purchased, but the retrofitting concept developed for fahma was highly appreciated
by the purchasing authorities.

(2) For MTU the case ‘Taunusbahn’ completed a series of R&D activities on how to include
particle filters in railcar engines. It was also advantageous that the already developed
engine was already emitting less particulate matters. The green procurement of fahma
resulted in a business case for MTU and related sub-suppliers for particle filters in railcar
engines. MTU raised most but not all the costs for R&D.

Normally, a big engine producer like MTU would not invest too much time in developing
specific solutions for the small market of engines for railcars, but the strong signal coming
from the tender for the "Taunusbahn' encouraged MTU to enlarge the offer of environment
friendly products (here: engines with particle filter systems).



(3) As one of the leading filter solution providers. Hug Engineering AG sees big development
and market potentials. Until now they equipped hundreds of locomotives all across Europe
(250 in Switzerland alone) with particle filters of similar construction. Today it is possible to
include filter systems into railcar engines with a propulsion power of up to 2 MW, allowing
nearly any engine of different power levels to be equipped with a particle filter.

As Eco-Technologies to reduce emissions are steadily developing, the use of this specific
particle filter in the ‘Taunusbahn’ was an important step to make technologic solutions available
on the market. It also pushed forward the possibilities to retrofit old railcars with particle filters to
meet future EU emission standards before 2012.

Currently, engine producers in co-operation with railcar suppliers work on the further
development to reach the high emission standards of the whole stage Illb coming into force in
2012. This requires further developments in the whole motor system. The case ‘Taunusbahn’
helped to put pressure on this technologic development demonstrating the market demand and
economic efficiency.

6 Barriers and difficulties

Mentioned obstacles include missing European standards for recent technological developments
as well as some difficulties about how to verify the fulfilment of the green criteria when fahma
depends on self-declarations (e.g. used materials).

Although the costs are moderate and even include an Eco-Technology that even now fulfils
nearly all European emission standards for 2012, the additional costs of approximately 3% of the
total product costs mean a barrier for public authorities to purchase this product.

7 Lessons learned

The success of this green tender was secured mainly due to political backup resulting from
recent discussion about particulate matters and air quality in the region. Therefore, taking the
risk to demand innovative product components was limited. It also lead to further discussions of
whether these environmental friendly railcars could also ensure competitive advantages in the
future, when regulations on vehicles that are allowed to drive into the Frankfurt/ Main inner city
circle might be tightened, allowing only railcars with stage Illlb emissions to enter.

The external knowledge provided by consultants on how to include green criteria was valuable
for a suitable selection procedure. The negotiated procedure gave good results especially when
considering the inclusion of the new Eco-Technology of particle filters for railcars. Detailed
tables and figures in the technical requirements allowed the supplier to easily fulfil the green
criteria.
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8 Outlook

fahma will include the lessons learned and the good experiences with implementing green
criteria in their future tenders. Regarding the constantly increasing importance of Lifecycle
Costing the focus will mainly drift to represent real figures of the relation of purchasing, use and
disposal costs in the tender documents by adapting the weighting of selection and award
criteria.’

In future tenders fahma will include the stage Illlb emission standard as the minimum
requirement, because of the existent availability of technical solutions to fulfil these standards for
most of the engine power classes. The applied wall flow particle filter is one technical solution to
reduce particulate matters. Researchers are currently discussing the possibilities to use filter
systems similar to the Continuously Regenerating Technology (CRT), but at reduced
maintenance costs.

At the same time discussions on European level arise towards abolishing the regulation to
operate in non-compliance under a variance or continuation permit for railcars. If this will apply in
the near future, strong requirements fostering the continuous retrofitting to meet the most recent
standards can be included into tender documents.

In summary, the experiences with the procurement of railcars for the ‘Taunusbahn’ indicate the
possibilities to trigger the market by introducing new Eco-Technologies and by using specific
green criteria. This case study showed that:

An open and communicative attitude is the key element for a successful tendering process;

Political discussions foster the introduction of new Eco-Technologies (here: discussion about
particulate matters);

Tendering for Eco-Technologies in the phase of development (here: particle filter adapted to
the requirements of diesel railcars) results in a business case (mass offer of the product).

9 Contacts
fahma Fahrzeugmanagement GmbH Alstom LHB GmbH
Joachim Michels, Gerolf Wogatzki Wolfgang Spath, Bjorn Vitt
Alte Bleiche 5 Linke-Hofmann-Busch-Str. 1
65719 Hofheim am Taunus — Germany 38239 Salzgitter — Germany
Tel. +49/6192 294-660 Tel.: +49/5341 900-4525/ -6797
Fax: +49/6192 294-665 Fax: +49/5341 900-4087
E-Mail: info@fahma-rheinmain.de E-Mail: wolfgang.spaeth@transport.alstom.com/

Web: www.fahma-rheinmain. de bjoern.vitt@transport.alstom.com

Web: www.transport.alstom.com

® Out of a lifecycle perspective purchasing costs only refer to one-third of the total lifetime costs of the

railcars. Out of economic efficiency the weighting of 60% for the purchase price might be reconsidered.
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