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1.  Introduction 
1.1 Background CIVITAS 
 
CIVITAS - cleaner and better transport in cities - stands for CIty-VITAlity-Sustainability. With the 
CIVITAS Initiative, the EC aims to generate a decisive breakthrough by supporting and 
evaluating the implementation of ambitious integrated sustainable urban transport strategies 
that should make a real difference for the welfare of the European citizen. 
 
CIVITAS I started in early 2002 (within the 5th Framework Research Programme);  
CIVITAS II started in early 2005 (within the 6th Framework Research Programme) and 
CIVITAS PLUS  started in late 2008 (within the 7th Framework Research Programme). 
 
The objective of CIVITAS-Plus is to test and increase the understanding of the frameworks, 
processes and packaging required to successfully introduce bold, integrated and innovative 
strategies for clean and sustainable urban transport that address concerns related to energy-
efficiency, transport policy and road safety, alternative fuels and the environment. 
 
Within CIVITAS I (2002-2006) there were 19 cities clustered in 4 demonstration projects, within 
CIVITAS II (2005-2009) 17 cities in 4 demonstration projects, whilst within CIVITAS PLUS 
(2008-2012) 25 cities in 5 demonstration projects are taking part. These demonstration cities all 
over Europe are funded by the European Commission. 
 
Objectives:   
 

• to promote and implement sustainable, clean and (energy) efficient urban transport 
measures  

• to implement integrated packages of technology and policy measures in the field of 
energy and transport in 8 categories of measures  

• to build up critical mass and markets for innovation 
 
Horizontal projects support the CIVITAS demonstrati on projects & cities by : 
 

• Cross-site evaluation and Europe wide dissemination in co-operation with the 
demonstration projects  

• The organisation of the annual meeting of CIVITAS Forum members  
• Providing the Secretariat for the Political Advisory Committee (PAC)  
• Development of policy recommendations for a long-term multiplier effect of CIVITAS 

 
Key elements of CIVITAS 
 

• CIVITAS is co-ordinated by cities: it is a programme “of cities for cities”  
• Cities are in the heart of local public private partnerships  
• Political commitment is a basic requirement  
• Cities are living ‘Laboratories' for learning and evaluating 
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1.2 Background ARCHIMEDES 
 
ARCHIMEDES is an integrating project, bringing together 6 European cities to address 
problems and opportunities for creating environmentally sustainable, safe and energy efficient 
transport systems in medium sized urban areas.  
 
The objective of ARCHIMEDES is to introduce innovative, integrated and ambitious strategies 
for clean, energy-efficient, sustainable urban transport to achieve significant impacts in the 
policy fields of energy, transport, and environmental sustainability. An ambitious blend of policy 
tools and measures will increase energy-efficiency in transport, provide safer and more 
convenient travel for all, using a higher share of clean engine technology and fuels, resulting in 
an enhanced urban environment (including reduced noise and air pollution). Visible and 
measurable impacts will result from significantly sized measures in specific innovation areas. 
Demonstrations of innovative transport technologies, policy measures and partnership working, 
combined with targeted research, will verify the best frameworks, processes and packaging 
required to successfully transfer the strategies to other cities. 

2 Participant Cities 
The ARCHIMEDES project focuses on activities in specific innovation areas of each city, known 
as the ARCHIMEDES corridor or zone (depending on shape and geography).  These innovation 
areas extend to the peri-urban fringe and the administrative boundaries of regional authorities 
and neighbouring administrations. 
 
The two Learning cities, to which experience and best-practice will be transferred, are Monza 
(Italy) and Ústí nad Labem (Czech Republic).  The strategy for the project is to ensure that the 
tools and measures developed have the widest application throughout Europe, tested via the 
Learning Cities’ activities and interaction with the Lead City partners. 

2.1 Leading City Innovation Areas 
The four Leading cities in the ARCHIMEDES project are: 

• Aalborg (Denmark); 
• Brighton & Hove (UK); 
• Donostia-San Sebastián (Spain); and 
• Iasi (Romania). 

 
Together the Lead Cities in ARCHIMEDES cover different geographic parts of Europe.  They 
have the full support of the relevant political representatives for the project, and are well able to 
implement the innovative range of demonstration activities. 
 
The Lead Cities are joined in their local projects by a small number of key partners that show a 
high level of commitment to the project objectives of energy-efficient urban transportation.  In all 
cases the public transport company features as a partner in the proposed project. 

2.2 Aalborg 
The City of Aalborg, with extensive experience of European cooperation and having previously 
participated in CIVITAS I (VIVALDI) as a ‘follower’ city, is coordinating the consortium and 
ensures high quality management of the project. The City has the regional public transport 
authority (NT) as a local partner, and framework agreements with various stakeholder 
organisations. 
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Aalborg operates in a corridor implementing eight different categories of measures ranging from 
changing fuels in vehicles to promoting and marketing the use of soft measures. The city of 
Aalborg has successfully developed similar tools and measures through various initiatives, like 
the CIVITAS-VIVALDI and MIDAS projects. In ARCHIMEDES, Aalborg aims to build on this 
work, tackling innovative subjects and combining with what has been learned from other cities in 
Europe. The result is an increased understanding and experience, in order to then share with 
other Leading cities and Learning cities. 
 
Aalborg has recently expanded its size by the inclusion of neighbouring municipalities outside 
the peri-urban fringe. The Municipality of Aalborg has a population of some 194,149, and the 
urban area a population of some 121,540. The ARCHIMEDES corridor runs from the city centre 
to the eastern urban areas of the municipality and forms an ideal trial area for demonstrating 
how to deal with traffic and mobility issues in inner urban areas and outskirts of the municipality. 
University faculties are situated at 3 sites in the corridor (including the main university site). The 
area covers about 53 square kilometres, which is approximately 5 % of the total area of the 
municipality of Aalborg. The innovation corridor includes different aspects of transport in the 
urban environment, including schools, public transport, commuting, goods distribution and traffic 
safety. The implementation of measures and tools fit into the framework of the urban transport 
Plan adopted by the Municipality. 
 

 
 

Figure 1: The Archimedes Corridor in Aalborg 

2.3 Brighton & Hove 
Brighton & Hove is an historic city, in the south-east of England, known internationally for its 
abundant Regency and Victorian architecture. It is also a seaside tourist destination, with over 
11km of seafront attracting eight million visitors a year. 
 
In addition, it is a leading European Conference destination; home to two leading universities, a 
major regional shopping centre, and home to some of the area’s major employers. All of this, 
especially when set against the background of continuing economic growth, major 
developments across the city and a growing population, has led the city council to adopt a vision 
for the city as a place with a co-ordinated transport system that balances the needs of all users 
and minimises damage to the environment. 
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The sustainable transport strategy that will help deliver this vision has been developed within 
the framework of a Local Transport Plan, following national UK guidelines. The ARCHIMEDES 
measures also support the vision, which enables the city to propose innovative tools and 
approaches to increase the energy-efficiency and reduce the environmental impact of urban 
transport. 

2.4 Donostia - San Sebastián 
The city of Donostia -San Sebastian overlooks the sea and, with a bit more than 180,000 
inhabitants, keeps a human scale. Some people consider the balanced combination of small 
mountains, manor buildings, and sea as the setting for one of the most beautiful cities in the 
world. We have a tradition in favouring pedestrians, cyclists and public transport. 
 
For about twenty years, the city has been enforcing a strong integrated policy in favour of 
pedestrians, bicycles and public transport. Considering walking and cycling as modes of 
transport, has led to the building of a non-motorised transport network for promoting this type of 
mobility around the city. 
 
Likewise, the city has extended its network of bus lanes. The city holds one of the higher bus-
riding rates, with around 150 trips per person per year. 
 
The CIVITAS project is being used as the perfect opportunity to expand Donostia -San 
Sebastian’s Sustainable Urban Transport Strategy. With the package of CIVITAS measures 
Donostia-San Sebastian will: 
 

• Increase the number of public transport users  
• Decrease the number of cars entering in the city centre  
• Increase the use of the bicycle as a normal mode of transport  
• Maintain the high modal share of walking  
• Reduce the number of fatal accidents and accidents with heavy injuries  
• Reduce the use of fossil fuels in public transport. 

2.5 Iasi 
The City of Iasi is located in north-eastern Romania and is the second largest Romanian city, 
after Bucharest, with a population of 366,000 inhabitants. It is also the centre of a metropolitan 
area, which occupies a surface of 787.87 square kilometres, encompassing a total population of 
398,000 inhabitants. 
 
The city seeks to develop possibilities for habitation, recreation and relaxation for all citizens in 
the region, business opportunities and provide opportunities for more consistent investments. 
 
The city has five universities with approximately 50,000 students, the second largest in 
Romania. The universities and their campuses are located in the central and semi-central area 
of the city. In the same area, there are also a large number of kindergartens, schools and high 
schools with approximately 10,000 pupils. This creates a large number of routes along the main 
corridor, served by the public transport service number “8” (Complex Tudor Vladimirescu - 
Copou) with an approximate length of 10 km. The City of Iasi will implement its integrated 
measures in this area to be known as the “CIVITAS+Corridor”. 
 
The city's objectives in CIVITAS - ARCHIMEDES are based on the existing plans related to 
transport, Local Agenda 21, approved in 2002, and the Sustainable Social-Economic 



Cleaner and better transport in cities 
 

 

  

 8 / 34

 

Development Strategy for City of Iasi. The CIVITAS Plus objectives will be integrated in the 
Strategy for metropolitan development to be finalized in May 2009. 

2.6 Monza 
Monza is a city on the river Lambro, a tributary of the Po, in the Lombardy region of Italy, some 
15km north-northeast of Milan. It is the third-largest city of Lombardy and the most important 
economic, industrial and administrative centre of the Brianza area, supporting a textile industry 
and a publishing trade. It is best known for its Grand Prix. 
 
The City of Monza, with approximately 121,000 inhabitants, is located 15 km north of Milan, 
which is the centre of the Lombardia area. This area is one of the engines of the Italian 
economy; the number of companies is 58,500, i.e. a company for every 13 inhabitants. 
 
Monza is affected by a huge amount of traffic that crosses the city to reach Milan and the 
highways nodes located between Monza and Milan. It is also an important node in the Railways 
network, crossed by routes connecting Milan with Como and Switzerland, Lecco and Sondrio, 
Bergamo and Brianza. "Regione Lombardia", which in the new devolution framework started in 
1998, has full responsibility for establishing the Local Public Transportation System (trains, 
coaches and buses) and has created a new approach for urban rail routes using an approach 
similar to the German S-Line or Paris RER. 
 
Monza has recently become the head of the new "Monza and Brianza" province, with 
approximately 750,000 inhabitants, so will gain the full range of administration functions by 
2009. Plan-making responsibilities and an influence over peri-urban areas will require the city to 
develop new competencies. 
 
In this context, the objective of the City of Monza in participating in CIVITAS as a Learning City 
is to set up an Urban Mobility System where the impact of private traffic can be reduced, 
creating a new mobility offer, where alternative modes become increasingly significant, leading 
to improvements to the urban environment and a reduction in energy consumption (and 
concurrent pollution). 

2.7 Ústí nad Labem 
Ústí nad Labem is situated in the north of the Czech Republic, about 20 km from the German 
border. Thanks to its location in the beautiful valley of the largest Czech river Labe (Elbe) and 
the surrounding Central Bohemian Massive, it is sometimes called 'the Gateway to Bohemia'. 
Ústí is an industrial, business and cultural centre of the Ústí region. 
 
Ústí nad Labem is an important industrial centre of north-west Bohemia. The city’s population is 
93,859, living in an area of 93.95km2. The city is also home to the Jan Evangelista Purkyně 
University with eight faculties and large student population. The city used to be a base for a 
large range of heavy industry, causing damage to the natural environment. This is now a major 
focus for improvement and care. 
 
The Transport Master Plan, to be adopted in its first form in 2007, will be the basic transport 
document for the development of a new urban plan (2011), which must be developed by the 
City subject to the provisions of the newly adopted Building Act. This will characterise the 
development of transport in the city for the next 15 years, and so the opportunity to integrate 
Sustainable Urban Transport Planning best practices into plan development during the project 
means an ideal match of timing between city policy frameworks and the ARCHIMEDES project. 
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The projects main objective is to propose transport organisation in the city, depending on the 
urban form, transport intensity, development of public transport, and the need for access. The 
process, running until 2011, will include improving the digital model of city transport that Ústí 
currently has at its disposal. The plan will have to deal with the fact (and mitigate against 
unwanted effects that could otherwise arise), that from 2010, the city will be fully connected to 
the D8 motorway, running from Prague to Dresden. 

3. Background to the Deliverable 
This deliverable summarises the research and preparatory activities conducted in relation to 
workpackage 1 of the CIVITAS ARCHIMEDES project – Alternative Fuels and Clean Vehicles. 

3.1 Summary Description of the Tasks 
 
Research and preparatory activities in respect of alternative fuels and clean vehicles have been 
conducted in four of the ARCHIMEDES cities, namely Aalborg, Donostia - San Sebastian, Iasi 
and Monza, as part of tasks 11.1.1, 11.1.3, 11.1.4 and 11.1.6.  These tasks are introduced in 
the following sections. 
 
The work and findings of these tasks are reported in detail in ARCHIMEDES deliverables R1.1, 
R4.1, R5.1 and R7.1.  This deliverable draws together the content of the individual deliverables 
and presents the common issues and any conclusions that can be drawn at the workpackage 
level. 
 

Task 11.1.1 Study of the Impacts of Using 1G and 2G  Biofuels in Public Transport 
and delivery Service Vehicles – Aalborg 
The opportunities for using high blend biofuels in standard vehicles were explored.  The 
analysed vehicles comprised buses, HGVs and distribution vehicles, with a new tourist bus line 
as the visible showcase. First experiences in developing a supply infrastructure for biofuels 
have been gathered.  
 
As part of the measure 50 diesel buses in Public Transport and 5 HGVs and 45 vans from the 
Danish Mail have been operated on at least 10% biofuel. 
 
As the first stage within measure 1, the aim for task 11.1.1 was to carry out a study on 1G and 
2G bio-fuels to determine the state of the art and to find the best sources for the full scale 
demonstrations in the subsequent demonstration tasks. Important criteria are the environmental 
impact, impacts or requirements for vehicle engines and up-scaling potential. 

Task 11.1.3 Study of Alternative Fuel Options - San  Sebastian 
CTSS commissioned a comparative study into different alternative fuels (bio-ethanol, hydrogen, 
hybrids and second generation biodiesel). The study supports the bio-fuel demonstrator in 
Donostia - San Sebastián as well as the future introduction of other alternative fuel types and 
propulsion technologies. 
 
The results of this research deliverable are very important to get the key for the biofuels and 
engine technologies policy (present and future) in the Municipal Bus Company. 
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Task 11.1.4 Study of Emissions Levels - Iasi 
The CIVITAS corridor in Iasi lies between two important campuses with a large number of 
faculties, high schools, public institutions and shops in close proximity along its entire length.  
Consequently, there are many citizens who travel in this area using public transport or by car in 
order to move between home and workplace or place of study; additionally, delivery vehicles are 
active to ensure the distribution of goods.  The objective of this task is to study emissions levels 
by performing measurements in four locations along the CIVITAS corridor. 
 
A research study has been conducted to determine the pollution (NO2, PM, CO) and noise 
levels at various strategic locations within the CIVITAS corridor, based on traffic data provided 
by PTI. 

Task 11.1.5 Hybrid Bus Specification Study - Monza 
Measure no. 7 of the ARCHIMEDES project concerns the implementation of a hybrid bus in 
Monza.  The first stage was to undertake a study to gain best practice examples from other 
cities who have implemented a hybrid bus and to develop a technical specification for the 
delivery of a hybrid bus and assess the feasibility of hybrid buses in order to move on to the 
demonstration phase of a hybrid bus. 

3.2 Workpackage Changes 
The original work programme for this workpackage was subject to several changes. 
 
Monza were due to conduct a study into which biofuels would be suitable for use in the city’s 
public transport fleet and how this could be achieved as part of task 11.1.5.  However due to the 
change in responsibility for delivering public transport in the city and the new bus company 
being unwilling to consider using biofuels this research and the associated deliverable (R6.1) 
were cancelled. 
 
Also, Aalborg Kommune had originally planned to commission Aalborg University to develop a 
methanol fuel cell pack for a prototype service vehicle for use by the municipality.  However, this 
proved impossible within the planned budget and it was agreed with the EC that Aalborg should 
withdraw the original technical description and use the resources to join an electric vehicle (EV) 
trial as an alternative. 
 
The new project offered a sample of ordinary citizens the possibility to test an EV in their daily 
life for a period of three months each for free.  10 electric vehicles will be made available for a 
total period of two years (1.5 years within the ARCHIMEDES contract period) meaning that 
experiences will be gathered from 80 different ordinary families in Aalborg.  The experiences are 
expected to cover some 200.000 km driving, 30.000 kWh of electricity consumption, 17.500 
battery charges and tests of different levels of intelligent charging. The EV trial will be conducted 
as a cooperation between the City of Aalborg and ChoosEV - one of the major players in EV in 
Denmark. The cooperation is agreed in a contract between the two parties, signed in January 
2011. 
The objectives for the trial are: 

• To gather experiences from ordinary users of EV. 
• To identify under which conditions the EV in its present technical state of art, is an 

attractive alternative to ordinary cars. 
• To evaluate CO2 savings totally for the project and to evaluate differences between CO2 

savings depending on driver behaviour. 
• To gather experiences with intelligent charging. 
• User acceptance of postponed charging. 
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• The potentials for moving charging consumption from peak hour to night hours, and the 
potentials for maximizing use of electricity produced from alternative energy by 
controlling charging time by intelligent charging. 

• To gather information on the EV driving patterns, for obtaining a strategy for where to 
place charging points. 

 
The results of this revised task will feed into the other two deliverables that result from 
ARCHIMEDES workpackage 1, which relate to trial design and outcomes. 
 
These changes show that, although progress is being made towards cleaner vehicle 
technologies, such changes still present technical and financial challenges that are difficult to 
overcome even with the financial support of innovation programmes such as CIVITAS. 

4. Summary of Alternative Fuels Research in 
ARCHIMEDES 
Three of the four studies in this deliverable cover biofuels and vehicle technologies that are 
currently being developed.  The deliverable from Iasi shows the impact of traffic pollution in the 
CIVITAS corridor as a precursor to implementation of LPG-fuelled buses. 

4.1 Deliverable R1.1  
Study of the Impacts of Using 1G and 2G Biofuels in  Public Transport and Delivery 
Service Vehicles – Aalborg 
 
Based on the existing vehicle fleet, diesel fuels must be used.  Other renewable fuels such as 
gases, ethers or alcohols would require either replacement or significant modification of 
engines.  Therefore only renewable diesel fuels are investigated in this Study. 
 
First and second generation biofuels  are defined by the feedstock and not the production 
method. First generation biodiesel are methyl esters based on eatable crops (soy beans, 
sunflower, palm oil and rape seed oils) whereas second generation fuels are based on residues 
or waste (pork and beef tallow, used cooking oils or sludge).  
 
1st Generation: 

• it is available in large quantities and has been tested extensively for decades 
• no replacement or significant modification of engines needed 
• expected to reduce CO2 by 50-70% compared to fossil diesel 
• Very sensitive debate on the fuel versus food issue. 

 
2nd generation: 

• The animal-based fuels are more likely to solidify and become unusable as a liquid fuel 
in the cold. 

• no replacement or significant modification of engines needed 
• reduce CO2 by up to approximately 90% compared to fossil diesel 
• somewhat cheaper and more sustainable 
• purification by distillation is often required 
• on the promotion of the use of energy from renewable sources, count twice in achieving 

the goals agreed (Directive 2009/28/EC of the European Parliament) 
• according to this study, biodiesel from animal fat is in fact the only biofuel considered 

with a positive net CO2 balance 
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Admixing up to 30% biodiesel within the overall fuel mix is possible in summer time in many 
vehicles, but only a few manufacturers approve this blend with no further requirements. The B30 
is most likely unsuited as winter fuel for Denmark. 
 
Mixtures of 10-15% seem ideal for Danish conditions, although biofuel blends higher than B7 
(EN590:2009) are not covered by the standard and are not generally accepted by the industry. 
 
To investigate the possibilities for a broad introduction of higher blend biofuels, Denmark’s Road 
Safety and Transport Agency recently initiated 4 pilot projects under the overall heading of 
Biodiesel DK. 
 
In the chart below there is an overview of the 4 pilot projects: 
 
Project title  Biodiesel DK  Niras RME  B5Next  Odense KRO  
Biofuel content 10-30% 10-100% 5% 100% 
Biofuel type 2G TME 1G RME/SME 2G TME 1G SVO 
Blending Central 

blending 
Local blending Central 

blending 
No blending 

Vehicles Standard vans, 
HGVs and 
buses 

Standard vans, 
HGVs and 
buses 

All vehicles Converted 
vans and 
buses 

Number of vehicles ~160 ~100 Unlimited ~30 
Measurements DTI DTI None DTI 
 
The fuel used in Biodiesel DK is more expensive than standard fuel.  This is partly because the 
distribution is not optimized and because the demand is not nationwide. 
 
Figure 2 shows an example of the cost  structure when using B15 TME (Tallow Methyl Ester). It 
is important to note that this picture is only prevailing because it is a pilot project, that the 
additional cost of the TME is only a small proportion of the overall additional cost and that to get 
the overall properties of the B15 blend correct it was mixed with a diesel which is not standard 
to the normal Danish market, but actually imported from Sweden. 
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Figure 2: Surplus cost structure 
 
The term opportunity cost represents the difference in fuel price between the current supplier 
and the lowest bidder on the commercial market as the opportunity for each fleet owner to go for 
the lowest bidder is sometimes lost when engaging in long term projects like this. 
 
Vehicles in the project were not covered by engine warranty, so a custom insurance policy was 
supplied. The maintenance  plans for all the vehicles are adjusted to the usage of biodiesel. The 
main parameter is reduced intervals for oil and filter change. 
 
To investigate long term changes in emissions and engine performance 8 vehicles were 
examined on a Heavy Duty chassis dynamometer. Measurements of engine output, specific fuel 
consumption, CO, NO, NO2, HC and PM were carried out with reference diesel and with 
biodiesel. 
 
The emissions from the engine are, to a small extent, changed towards a lower CO, HC and PM 
but with a slightly higher NOX. 
 
The fuel consumption measured on a mass basis remains unchanged.  However, volume flow is 
influenced because the energy content per litre is approximately 2 % lower depending on the 
mixing ratio, although this also depends on the base-diesel. 
 
In the project Biodiesel DK neither engine failure nor abnormal wear of the tested vehicles have 
been found.  
 
The B10 and B15 blends performed satisfactorily even in the harsh winter period of 2010 where 
temperatures reached -15°C several times. 

4.2 Deliverable R4.1  
Study of Alternative Fuel Options in Donostia –San Sebastian 
 
The study consists of a very comprehensive analysis of the present and future alternative fuel 
options for transportation in combination with new traction technologies. The final balance and 
conclusions given are specially oriented for application in the Municipal Bus Company of San 
Sebastian, with its own present fleet characteristics, facilities location, and proximity of fuel 
suppliers. 
 
The extrapolation of these conclusions for other fleets (buses, trucks, cars…) would need a new 
study specific to that context. 
 
The whole document is available from: http://www.dbus.es/descargas/estudios-e-informes/5-
biofuels-and-new-technologies-for-dbus.pdf 
 
In the study, most of the current available fuels for Public Transport vehicles are listed: 

1. FOSSIL FUELS 
� DIESEL 
� LPG 
� CNG 

2. FIRST GENERATON BIOFUELS 
� BIOETHANOL 
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� BIODIESEL 

3. SECOND GENERATION BIOFUELS 
� BTL 
� Choren Carbo-V ® Process 
� bio-DME 
� HTU Hydro Thermal Upgrading 
� Bio-hydrogen 

4. ALTERNATIVE FUELS 
� Hydrogen 

 
In the study, not only are alternative fuels are studied, but also the new engine technologies 
available are studied. 
 
Diesel – Electric Hybrid Vehicle Designs 
 
There are two types of hybrids in operation, the series and parallel systems.  

 

A) Series Hybrids 

The Series hybrid system is shown below: 

 

 
Figure 3: Example series hybrid layout 

 
It can be seen there is no physical connection between the engine and road wheels. A good 
way of visualising this set up would be to consider it to be an electric vehicle with its own on 
board electricity generation system.  
 

As there is no link between the engine and the road-wheels, it is easier to operate this system in 
a ‘zero emission’ mode where the engine can be switched off for periods.  
 

Energy Store 

Controller 

Engine 

Generator 

Wheels 

Motor 
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B) Parallel Hybrids 

 
Figure 4: Example parallel hybrid layout 

 
In the parallel hybrid, the system retains a physical connection between the engine and the 
road-wheels through a mechanical transmission with an electric motor in parallel to it. 
 
This system is good when long distance high speed operation may be required as it allows the 
diesel engine to be used independently of the electrical system when it is efficient to do so thus 
not using any electrical power. 
 
Many of the current parallel systems are being developed by the gearbox manufacturers which 
could be interpreted as an attempt to retain their market share in the public vehicle sector. 
 
Based on a similar configuration, other types of hybrids can be found considering the generation 
of energy. 
 
Fuel-cell Hybrids - Electric 
 
They have a similar configuration to the hybrid electrical diesel, that is an electrical traction 
vehicle with an energy generating system on board, but in which the above mentioned 
generator is not a diesel engine connected to an alternator, but a hydrogen fuel cell is used for 
the generation of the electricity on board. 
 
Fuel Energy Efficiency Values 
 
For the combined analysis of energetic efficiency of every type of propulsion, or "Well to Wheel" 
analysis, two types of vehicles are considered: 
 

Energy Store 

Controller 

Engine Gearbox 
Wheels 

Motor/generator 
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• "Simple" vehicles, with only one type of energy on board. 

WELL TO WHEEL (Simple vehicles)  

    

Fuel Well to 
Tank 

Tank to 
Wheel 

Global 
(%) 

Electric 32,9 77,6 25,53 

Gasoil 85,3 21,4 18,25 

Natural Gas 86,6 16,5 14,29 

Biodiesel 70 19,8 13,86 

LPG 86,7 14,8 12,83 

Gasoline 87,3 14 12,22 

Ethanol 70 13,2 9,24 

Hydrogen 54,6 14,8 8,08 

 
The figure shows that the option of a pure electrical vehicle is one of the alternatives to take into 
account, in spite of its limitations in the vehicle capacity and in autonomy , which will require 
the energy density of battery technologies to be improved based on the technological advances 
that are currently taking place. 
 

• "Complex" or combined vehicles, which are defined as those in which two or more 
energy sources might be used or combined with energy recovery systems. 
 

WELL TO WHEEL – Complex Vehicles 

   

Hybrid type 
Well 
 to 

Tank (%) 

Global 
(%) 

Optimised Diesel -  Electric 85,3 23,5 

Standard Diesel - Electric 85,3 21,5 

Fuel Cell - Battery Electric 54,6 21,5 

Standard Diesel - Flywheels 85,3 20,1 

Full Fuel Cell  54,6 14,7 

 
In the construction of Hybrid Diesel – Electric  vehicles, instead of starting from the original 
diesel vehicle, if a specific vehicle is designed with a much smaller diesel engine, enough for the 
electricity generation work needed, the output efficiency of the diesel engine rises to an average 
of 35 %, and the global output " well to wheel " reaches the 23.5 %, which is an improvement of 
29 % regarding to the conventional diesel bus. 

4.3 Deliverable R5.1 
Study of Emissions Levels in Iasi 
 
Technical University of Iasi has conducted a research study to determine the emissions level at 
various strategic locations within the CIVITAS corridor in Iasi, based on traffic data provided by 
PTI. The company Valimar Med from Bacau was finally appointed to perform these 
measurements. 
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NO2 and CO emissions in four bus stops and one tram stop, levels of particulate matter in four 
bus stops and noise levels in one tram stop were measured. Air quality measurements were 
performed at a height of 1.5 metres from the ground.  The measurements were made during two 
time intervals: day and night and the data collected was grouped according to emission type, 
and then according to the place of measurement 
 
• NO2 

 
Figure 5. Mean values of NO2 (mg/m3) measured in: 1 - Tudor Vladimirescu (bus stop); 2 - Tg. Cucului 

(Golia monastery – bus stop); 3 - Students’ Culture House (bus stop); 4 - Al. I. Cuza University 
(bus stop); 5 - Cuza Vodă (post office – tram stop) 

 
• CO 

 
Figure 6. Mean values of CO (mg/m3) measured in: 1 - Tudor Vladimirescu (bus stop); 2 - Tg. Cucului 

(Golia monastery – bus stop); 3 - Students’ Culture House (bus stop); 4 - Al. I. Cuza University 
(bus stop); 5 - Cuza Vodă (post office – tram stop) 
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• Particulate matter 

 
Figure 7. Mean values of particulate matter (mg/m3) measured in: 1 - Tudor Vladimirescu (bus stop); 2 - 
Tg. Cucului (Golia monastery – bus stop); 3 - Students’ Culture House (bus stop); 4 - Al. I. Cuza 
University (bus stop) 
 
• Noise level 

 
 

Figure 8. Mean values and fluctuations in noise level (dB(A)) measured in the tram stop on Cuza Vodă 
Street 
 
These measurements will be used as the baseline for a subsequent comparision with the situation after 
the introduction of 30 LPG buses that will operate along the CIVITAS corridor as the core part of the local 
route network. 
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4.4 Deliverable R7.1 
Hybrid Bus Specification Study in Monza 
 
The objective of this study was to gain best practical examples from other cities or other public 
transport companies which have implemented a hybrid bus and to develop a technical 
specification for the delivery of a hybrid bus that will be demonstrated in Monza as part of 
ARCHIMEDES Workpackage 1. 

The study gives a useful short description of what is generally meant by hybrid vehicle (see 
section 4.2) and to give a description of the main hybrid technology that has been taken into 
consideration for the experimentation of hybrid buses in Monza. 

The electric energy can be stored in different ways, even at the same time:  

• Batteries:  they have lower energy density when compared with that of the combustible 
fuel, they can be shaped in order to store up the highest quantity of energy, to exchange 
the highest power or with a compromise between the two extremes. Batteries work 
through electrochemical processes taking place in their interior and all parameters (such 
as temperature) have to be controlled, in order to limit as much as possible the decay of 
electrodes and electrolytes.  

• Supercapacitors:  if compared with batteries, they present lower energy density but they 
can transfer and get higher powers. 

• Electrically operated flywheel : the energy is stored up through the kinetic energy of an 
electric operated flywheel which makes it turn; this process is totally mechanical and it 
shows different control problems from the previous possibilities.  

Mixed Hybrid 

In addition to the two options of series and parallel hybrid presented in section 4.2 the option of 
a mixed hybrid was considered where the engine is particularly versatile and allows the 
switching from the in series system to the in parallel one and vice versa.  

Environmental benefits  of the hybrid vehicles: 

� Hybrid vehicles can reduce air emissions of smog-forming pollutants by up to 90% and 
cut carbon dioxide emissions in half. 

� Based on the average driving habits of an individual, pollution from these vehicles can 
be reduced by anywhere between 25% to 60%, compared to an everyday 
conventionally-powered vehicle. 

Environmental Impact of Hybrid Vehicles’ Batteries 

Today most hybrid batteries are one of two types: (1) nickel metal hydride, or (2) lithium-ion; 
both are regarded as more environmentally friendly than lead–based batteries which constitute 
the bulk of standard vehicle batteries today. Lithium-ion batteries end to be smaller and lighter. 
They are also appealing because they have the highest energy density of any rechargeable 
batteries. 
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The Italian Marketplace 

The picture of the situation reflects the actual state of hybrid technology: many companies state 
they want to follow different paths of the available technologies in the medium and short period 
while waiting for a particular technology to impose on the market in the long term: 

• ATM in Milan, Bolzano, Turin, concentrates on both diesel/electric and hydrogen/electric 
hybrid buses and it will be experimenting three hydrogen buses since 2011 

• AIM Vicenza owns two innovative buses characterized by electric traction, LPG/electric 
turbine engine, which are to be added to 24 already operational LPG buses. 

• Brescia Trasporti (2003) has procured 8 metres electric motor buses whose electric 
energy is produced by a micro-engine with a methane-supplied turbine. 

• LPT in Reggio Emilia, since years has been developing a methane-supplied fleet; 
despite this ideal situation the company is still evaluating other types of hybrid traction 

It is quite frequent in the north of Italy to find PT companies experimenting with LPG or methane 
since these are simply affordable; these combustible fuels are more difficult to find in the centre 
and south of Italy, where companies prefer to experiment other types of technologies 
(diesel/electric). 
 
Fragmentation of the marketplace is high: there are many small companies which manage 
some hundreds of thousands or millions of kilometres, but very few large-sized companies 
manage millions of kilometres.  Small companies struggle to afford investments in new 
technologies as they have had to deal with market deregulation on the one hand and with the 
rise in prices on the other. 
 
Since pollution in towns continues to increase, hybrid technology in public transport is becoming 
more and more relevant and the main Italian transport companies (ATM Milan, GTT Turin, ATC 
Bologna and ATAF Florence) show particular sensibility towards the problem of pollution and a 
great interest in hybrid technology; in the medium and short period (2010 and 2011) some 
Italian companies will call for tenders in order to purchase hybrid public transport vehicles to be 
tested in their fleets and so draw useful data to set in the medium and long term a strategic 
planning to be adopted on their fleets and vehicles. 
 
Hereafter there is a synthesis of the answers received by different manufacturers: among the 
verified information 
 

• Mercedes Benz  Citaro G BlueTech hybrid 18 metres vehicles. Doesn’t match with the 
length that Monza would like (10-12m) to test in ARCHIMEDES.  

 
• MAN: MAN Lion’s City Hybrid 12 metres, the one that Monza would like to test. MAN’s 

production of hybrid buses (of any kind) is destined mainly to those principal European 
capitals that have shown a keen interest in testing hybrid vehicles for a long time. 

 
• VanHool : Has two different available technologies: the diesel/electric and the hydrogen 

ones. The length matches with Monza’s needs. Vehicles are available on the 
marketplace in short time (3/6 months).  

 
• Iveco : Ordering the bus, the delivery of the vehicle for the experimentation will be within 

a year.  
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5. Conclusions and Recommendations 
5.1 Main Research Outcomes 
 
AALBORG 
 
� About 2.500 m3 of TME based B10, B15 and B30 has successfully been used in 

Denmark so far. 
� Fuels like B10 and B15 TME are not likely to damage factory mounted or retrofit exhaust 

after treatment equipment. 
� Emissions of CO, HC and PM decreased while NOX was slightly increased.  

 
DONOSTIA – SAN SEBASTIAN 
 
The main outcomes of the study are the recommendation on biofuels and technologies for the 
next vehicles purchase.  
 
Solutions in a short time 2009-2012 
The company has today a fleet of 119 vehicles of motive engine, with a prepared infrastructure 
for the increase of 6 more buses, making 125 in total. 
 
Within the studied fuels we will firstly reject those that present high barriers (technological, 
economical…) explained below: 
 

• LPG - fossil Fuel with a nominal use inside the public and / or private transport. The 
major problem that we find is the lack of a nearby supplier, the asked ones belong to 
Valencia and Barcelona, which they offer a service of supply that adapts to the needs of 
the company. 

• CNG - fossil Fuel used in the EMT of Madrid and Barcelona with favourable results in 
mechanical level and with environmental improvements by been short chains of carbon 
that improve the reduction of CO2 to the atmosphere. Its major handicap for the CTSS is 
the need to do a civil work both in facilities and in fixed assets that would cost, by 
information of Naturgas, €1,250,000, in addition to the fact that the purchase cost of gas 
vehicles are more expensive than the diesel vehicles. A bus of 12m to CNG has a price 
of €300,000 compared to €240,000 for a diesel vehicle with the same characteristics. 

• Bioethanol - Biofuel with a great experience in Brazil and a few similar services to the 
biodiesel. Its utilization is marked by the need to use it in vehicles of “Otto” cycle, so for 
what its utilization rules out in a short term because of the need of the company to buy 
new vehicles and making an investment that would affect the customer in the price for 
trip. 

• Electricity - The use of electrical vehicles in the public transport is not possible yet, as 
the electrical vehicles possess a low range and because of the high weight of the 
batteries it is used only for minibuses, an option that will not improve the service of the 
company. 

• Hydrogen - Fuel that is excellent in terms of local emission but turns out to be worldwide, 
the study shows the high economic and environmental cost that nowadays it entails. 
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A chart is shown below to support the conclusions: 
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   * Technology development 5 4 4 4 2 4 3 3 3 2 
*   ** * Disp. Resources 5 3 3 4 4 4 3 3 4 3 

1 
Very 
low 5 * Emisión reduction (local) 3 3 4 4 4 4 5 5 5 5 

2 low 4 * Enviromental benefit (global) 2 2 3 3 4 3 3 4 4 5 
3 medium 3 * Social acceptance 3 3 4 4 4 4 4 4 5 5 
4 high 2 ** Acquisition/resource costs 3 3 3 4 4 2 3 3 3 3 

5 
Very 
high 1 **  Implantation costs 5 3 3 5 5 2 2 2 4 4 

   ** Functional extra charges 5 2 2 4 4 3 2 2 3 2 
   ** Mechanical problems 5 4 4 5 5 4 3 2 2 1 
     36 27 30 37 35 30 28 28 33 30 
 

With all this information, the best option considered for the company, between the years 2009-
2012 is the use of diesel and biodiesel fuels in the new Diesel Internal Combustion Engines with 
low emission levels. Preferably realizing a combined use of both and overcoming the proportion 
B20, used at present by several models of the company, to see empirically the possible 
mechanical problems in the vehicles. 
 
These options are closely followed by the use of 2nd generation biodiesel in the same Internal 
Combustion Engines but there’s a total dependence on its technical development and on its 
production process costs reduction improvement.  
 

Solutions in a medium to long time 2012-2050 

The considered solutions for a medium - large period of time are: 

• Pure Electrical Vehicles, because of having a good global efficiency, and in spite of the 
fact that today only they could be considered for minibuses and for reduced autonomies. 

• Hybrid Diesel-Electrical Vehicles, preferably with optimized diesel engine for the 
application, for presenting an important improvement of the output and for being a 
technology that can be applied to any size of bus, from the minibuses up to the 
articulated buses. 

• Hybrid Vehicles to Fuel cell, in spite of nowadays being not optimized alternatives, both 
to level of costs as to efficiency, represent a future option that should be taken into 
account. 
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In the same way, conclusions are supported by the scores of chart below: 
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   * Technology development 5 5 5 5 5 5 5 5 5 5 
*   ** * Disp. Resources 2 2 4 4 5 3 5 5 4 5 

1 
Very 
Low 5 * Emisión reduction (local) 1 1 2 2 3 2 4 5 4 5 

2 Low 4 * Enviromental benefit (global) 1 1 2 2 3 2 3 4 4 5 
3 medium 3 * Social acceptance 1 1 3 3 3 2 4 5 5 5 
4 High 2 ** Acquisition/resource costs 2 2 3 3 3 2 3 3 3 5 

5 
Very 
High 1 ** Implantation costs 4 3 3 5 5 2 2 2 4 4 

   ** Functional extra charges 5 4 4 4 4 4 5 4 4 5 
   ** Mechanical problems 5 5 5 5 5 5 5 4 4 5 
     26 24 31 33 36 27 36 37 37 44 
 
IASI 
 
� The values of the concentration of NO2, CO and Particulate Matter during daytime are 

much higher than those during night and they are higher at the bus stops compared to 
the tram stop. 

� All mean values of the NO2 concentration measured during the day at the bus stops 
exceed  the threshold limit value (TLV) of 0,2 mg/m3 set by Ordinance 592/2002. 

� All mean values of the CO measured are below the threshold limit value of 10 mg/m3. 
� The mean values of the concentration of PM exceed  the threshold limit value (0.05 

mg/m3) both during the day (from 4.8 to 6.1 times higher) and during the night (from 
1.6 to 2.6 times higher). 

� PM values fluctuations are more than 10 times higher during the day than those during 
the night. 

 
MONZA 
 
From manufacturers a single solution has not prevailed on the others yet and for this reason 
many other criteria of evaluation have been taken into consideration before reaching a 
conclusion about the type of vehicle that Monza could choose to experiment: 
 

• The streets of the town of Monza and of neighbouring ones are in some parts difficult to 
drive through because they are “historical” and show a narrow roadway, so that the 
crossing between two buses comes out to be difficult: for these reasons 18 metre buses 
cannot be tested, and this implies that Mercedes buses are not suitable to be tested.  

• In some areas of the town the bus has to make just one manoeuvring because it cannot 
reverse. For this reason the turning radius declared in technical sheets of the different 
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models proposed by retailers has been taken into consideration. Not all the buses could 
satisfy this need.  

• It is important that the vehicle could transport the highest number of passengers in 
comparison with diesel buses. Thus excluding 18 metre buses, which would be barely 
adaptable to the peculiar streets of Monza, the capacity declared by retailers became a 
key decision criterion. 

• NET, the PT company which is actually managing the PT service in Monza, can rely on 
a garage located in TPM premises in Monza where the fleet running in the city is 
serviced; even during the demonstration phase the garage should be able to give 
emergency assistance and also ordinary maintenance suggested by the retailer itself. 
This is why it has been chosen to test an electric/diesel hybrid bus since mechanics 
have already experienced with such type of mechanisms.  

• LPG, methane, and hydrogen buses have been rejected: it was not possible to build in 
TPM premises tanks suitable to contain any kind of gas (LPG or methane) in this 
location: the supply in service stations would not be easy because vehicles would be 
forced to travel for many kilometres to find one; travelling with an empty tank would be 
very expensive due to higher costs of time and staff.  

• According to ARCHIMEDES timing, in order to experiment at least for one year a hybrid 
bus in order to ensure a sound evaluation stage, the comparison was between MAN and 
Van Hool, both offering a reduced delivery time. 

 
Furthermore in many parts of the commercial speed in the town is strongly reduced (4-5 km/h) 
while the threshold of noise is very high. So the opportunity has been considered to use these 
long stretches of road where commercial speed is very low for a wholly electric vehicle: like this 
it is possible either to reduce environmental pollution in these areas or to cut down the 
background noise with great benefit for both pedestrians and passengers.  
 
For all the reasons mentioned above, it has been decided to go on with experimenting a Van 
Hool in series hybrid bus, model A330Hyb in particular, which seems to satisfy the largest part 
of the identified requirements for the city of Monza. 
 

5.2 Problems Identified 
 
AALBORG 
 

1. Cold temperature properties of biodiesel are very different from fossil diesel.  Tallow 
Methyl Ester biodiesel especially typically requires heated tank installations for handling 
in pure form (B100). 

2. A diesel engine is an internal combustion engine with a high compression ratio that 
brings about a fuel dilution of the engine lubricating oil – especially in the engine warm-
up period – because the fuel seeps down past the piston and dilutes the engine oil.  
Biodiesel has been shown, according to various international experiences, to increase 
this dilution. 

3. Power and torque can be expected to drop consistently with volumetric energy content in 
the fuels. 

4. Special requirements on equipment, pumps, gaskets, coating etc. are often the result of 
rubber materials that lack compatibility with B100 biodiesel. 

5. The storage and mixing temperatures which for tallow biodiesel in particular is a critical 
parameter. 
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DONOSTIA – SAN SEBASTIAN 
 

1. The main problem identified through the development of the study has been the access 
and reliability of the latest news relating to controversial themes; real environmental 
problems, biofuels food versus fuel controversy, emissions cycle results 
analyses…those are topics that have as many supporters as prosecutors so it’s difficult 
to find the real information and results.  

 
IASI 
 

1. There are no firms in Iaşi that could test pollution emissions in this comprehensive way. 
That is why finding a firm was not an easy task. 
 

MONZA 
 
The main obstacle met during the development of this study was the difficulty to obtain detailed 
and reliable information about the state of hybrid technology by vehicle providers. In many 
cases hybrid technology is just being experimented and the worldwide financial crisis has forced 
manufacturers to revise investments and to diminish the number of available / demonstrator 
buses. This was manifested by 3 specific effects: 
 

• It was difficult to get up-to-date information on the pros and the cons of the different 
specific technical approaches adopted by manufacturers – even obtaining written 
brochures was difficult 

• It was even harder to obtain information about future research strategies, which is 
important when making initial purchase decisions, in case you initially commit to a 
vehicle or technology that might very soon become obsolete 

• Availability to obtain a hybrid bus in the short term to test in operation was extremely 
limited. 

 
The buses produced by the main manufacturers have to satisfy the whole European 
marketplace: so principal European capitals and the main companies that since years have 
manifested the intention to invest in hybrid technology have been favoured. 

5.3 Mitigating Activities 
 
AALBORG 
 

1. The problem is reduced when mixing with ordinary diesel or with additives. The B5Next 
project has shown that it is possible to produce a tallow-based B5 that is usable under 
the same conditions as standard Danish winter diesel.  B10 and B15 should be limited to 
approximately -10°C, whereas B30 should not be reli ed on during winter. It is absolutely 
necessary to measure cold weather properties in the ready mixture, not only in the base 
components.  While B10 and B15 TME can be derived from domestic diesel qualities, 
B30 TME requires a special low density base-diesel to comply with the density 
requirement of the Fuel Quality Directive.  This makes B30 significantly more expensive. 

2. When using B30 or lower blends however, no significant deterioration of engine oils is 
likely to occur, as long as service intervals are adapted according to the manufacturer’s 
specifications.  Typically this means that engine oil has to be changed twice as often. 
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3. This was not noticed by most drivers.  Laboratory tests indicated a slight improvement of 
engine thermal efficiency. 

4. The problem is not so predominant for concentrations below B30 and can therefore often 
be neglected in the vehicle when using a lower admixture. 

5. The storage and mixing must take place under controlled conditions. On the other hand 
the ready-mixed B10 or B15 will be rather unproblematic to transport 

 
DONOSTIA – SAN SEBASTIAN 
 

1. As many sources of information as possible had to be compared for each of the topics 
developed in the study. 

2. The risks of the study become in the time to put into practice the conclusions given. The 
application of the fuel alternative chosen in a long period will depend on the results in 
over consumptions and mechanical maintenance. This results will be available at the 
end of the task Task 7.5 “Public Transport Bio-Fuels”.  Then, there will be an 
interesting source of information to set the basis for the up-scaling of the study 
conclusions. 

MONZA 
 
Now that the Public Transport in Monza is managed by NET, a PT company almost fully owned 
by ATM (and the largest PT company operating in and around Milan), it will be easier to procure 
a hybrid bus from retailers to be tested in Monza. 

5.4 Common Themes in Relation to Alternative Fuels Research 

5.4.1 Approach 
The approach taken in relation to alternative fuels and clean vehicles projects (covering both 
research investigations and subsequent implementation) depends on a combination of factors, 
which we have grouped as follows: 
 
The initiator of the project: 

• Is it driven by the local authority or a transport authority acting on its behalf? 
• Is it driven by the operator of the vehicles? 

 
The objective(s) of the project 

• Is it to reduce emissions of CO2 or pollutants that contribute to poor local air quality? 
• Is it to cut the operator’s fuel cost? 
• Is it to improve future fuel security? 
• To investigate a particular technical or market issue 
• (or a combination of these?) 

 
The timescale: short- medium- or long-term 
 
The budget that is available for research and implementation and how this relates to making 
changes to the existing fleet is also a key determining factor, depending on the extent to which 
changes can be made in the short term to items which are generally purchased as long term 
investments (vehicles and associated infrastructure). 
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In most cases the combination of these factors has led to the research in the ARCHIMEDES 
cities to be relatively restricted on a particular issue.  The exception to this is the case of San 
Sebastian where, as well as a short-term strategy, they also identified their medium-term 
approach.  The step-by-step approach taken by San Sebastian in their full study (see 
http://www.dbus.es/descargas/estudios-e-informes/5-biofuels-and-new-technologies-for-
dbus.pdf) would be a good starting point for other cities / operators to follow, although they 
would need to adapt the scoring matrices within the multi-criteria analyses to reflect local 
circumstances and objectives. 

5.4.2 Basis 
The following sections show how the factors outlined in section 5.4.1 translated into the 
technical research studies conducted in each of the four ARCHIMEDES cities.  This has been 
conducted against a 7-stage framework: 
 

• Nature of Problem 
• Objectives of intervention 
• Who was involved? 
• Issues covered 
• Decision making process 
• Outcome 
• Next steps 

 
Aalborg 
 
Nature of Problem: 

• Implementing biodiesel in three applications: 50 public transport vehicles, the postal 
service and a tourist shuttle bus 

• How to set up a reliable supply of biodiesel (Specifically addressed in section 4.1.4) 
• How to address the specific issue of biodiesel properties at temperatures below zero (i.e. 

the tendency to coagulate) for higher biodiesel blends. 
• Engines, maintenance and vehicles: Engine manufacturers can also be concerned about 

the warranties of the engines because the biodiesel blends do not comply with EN590.  
Objectives of intervention: 

• Get the specifications of the Biodiesel supply station. 
• Find a solution for a real and repetitive problem 
• Use Biodiesel in vehicles maintaining original guarantee. 

Who was involved? 

• The postal service and biodiesel supplier, the producer of the fuelling station, the 
planning control unit at the city of Aalborg and the environmental department and a 
professional consultant specialised in oil installations. 

• Public transport operators and vehicle manufacturers. 

Issues covered 

• Bypass the fuel vs food debate by limiting biodiesel to 2nd generation sources 
• Recognise the short-term need to use existing diesel vehicles –changes to vehicles 

already purchased which have diesel engines would be too costly 

Decision making process 

• The postal service has been responsible for negotiating with the biodiesel supplier, and 
the postal service has also been responsible for setting up a fuelling station that could 
facilitate the use of biodiesel.  
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• A B10 or higher blend is outside the legal diesel fuel standard (EN 590) and therefore 
the ordinary engine warranty no longer applies, unless some special agreement is made. 
The experience from Aalborg is that some car manufactures are not willing to sustain 
warranty if fuel standard is not complied with, while other manufacturers are willing to 
accept a very high blend. 

• If safe operation of the Postal Service is endangered due to biodiesel problems caused 
by low temperatures the Postal Service is allowed to pause the demonstration, using 
standard diesel, although this has to be clearly documented under the terms of the trial. 

Outcome 

• The experience has shown that as the temperature decreases the AFME-product 
coagulates, almost similar to pig fat or butter in the refrigerator, but to a lesser degree 
thanks to refining and additives. This indicates that the climate is an important issue to 
deal with, while implementing biodiesel blends in the two fleets in Aalborg. 

• Due to challenges in getting permission for setting up the fuelling station, the process 
was unfortunately slightly delayed according to the schedule. This in spite of the fact that 
all relevant stakeholders were included at a fairly early stage of the process, including 
the oil supplier, the producer of the fuelling station, the planning control unit at the city of 
Aalborg and the environmental department. The long process of setting up a special 
fuelling station should be taken into account. 

• For the Postal Service it has been chosen that the blend will change from 10% in the 
winter to 20% in summer periods, still exceeding the general national targets of 5.75 % 
in 2012, which could be substituted by use of a 3.75% 2G. as FAME. 

• As a reference, it can be stated that even though temperatures have been down to -18 
degrees at short periods this winter, use of B10 has given no problems for the buses in 
task 1.1. 

• Public Transport services have used B10 during the whole winter as part of 
ARCHIMEDES task 1.1 even though temperatures have been down to -18 degrees 
during the nights.  

• A special insurance has been made for the project. 

Next Steps 

•  
• The demonstration project will be ongoing until the end of the ARCHIMEDES project with 

a mix of B10 – B15 and B20 over the year. 
•  

 
San Sebastian 
 
Nature of Problem: 

• Identify short- and medium-term priorities to improve the environmental performance of 
the bus fleet in San Sebastian 

• Take steps to implement the identified short-term solution – use of higher blends of 
biodiesel in existing and subsequently new diesel buses. 

• Bus manufacturers are reluctant to the use of biofuel in their vehicles and do not provide 
the operator with the necessary guarantees for engine components. The main reason for 
this is that bus manufacturers are not confident about the quality of biofuel mixes 
supplied to operators, thus don’t support its use. 

• Traditional Biodiesel blend supply is not flexible enough to adapt to the blend testing 
calendar (b20, b30, b50...) that was needed for use in the whole fleet (different vehicle 
models and ages had different limits as to the amount of biodiesel that could be used). 
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• There is no experience in biodiesel blending in bus operator facilities, the operator 
traditionally purchase the blend already mixed and store it on their fuel tanks. 

• B20 and higher blends incompatibility with fuel pipes. Problems with fuel hoses have 
been detected when turning to B20. The original fuel hoses in the buses came loose and 
out of position while working because of the action of biodiesel. 

Objectives of intervention: 

• Obtain approval to test the newest vehicles with biodiesel without breaking the 
guarantee conditions. 

• Purchase a proper biofuel mixing pumping station 
• Get a clear and definitive solution and significant operational experience. 

Who was involved? 

• Technical staff from bus manufacturers, bus operator (dbus) and biodiesel supplier. 
• Technical staff from dbus and different pumping station suppliers.  
• Technical staff from dbus, biofuel supplier, fuel hose suppliers and bus manufacturers. 

Issues covered 

• Technical information evaluation. 
• Technical – economical information evaluation. 
• Several materials have been tested until find the appropriate one for the use with bio 

Decision making process 

• Extension of the guarantee was signed from the bus manufacturer to allow the use of 
Biodiesel ensuring quality of the product fulfilling the standards EN142414. 

• Different Suppliers were asked to propose a solution to the problem. There was only one 
that offered a real “in line” blending pumping system. 

• Several materials were tested until find the appropriate one for the use with biodiesel 
that came from bus manufacturer’s parts after-sale market. 

Outcome 

• Permission for free use of biodiesel, but starting from controlled tests in carefully 
controlled groups of vehicles. 

• New fuel mixing & pumping station purchased. 
• Fuel hose changes in some series of buses. 

Next steps 

• After testing periods, each blend tested was extended to the rest of vehicles while higher 
blends are tested. 

• Ensure the reliability of the system with periodical sample analysis. Carry the proper 
maintenance plan for the pumping station, not different to the conventional ones. 

• Increasing the biofuel blend with this problem already solved. 
 
Monza 
 
Nature of Problem: 

• Investigate biodiesel as a short-term and hybrid buses as a medium-term strategy for 
improving the environmental performance of the public transport in Monza. 

• Unwillingness of bus operator to co-operate on using biodiesel as a short-term option. 
• Difficulty to obtain detailed and reliable information about the state of hybrid technology 

by vehicle providers. In many cases hybrid technology is just being experimented and 
the worldwide financial crisis has forced manufacturers to revise investments and to 
diminish the number of available / demonstrator buses 
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Objectives of intervention: 

• Obtain detailed information and clear view of the market of hybrid buses 
• Choose a preferred supplier and take steps to purchase a trial hybrid bus 

Who was involved? 

• City council of Monza and ATM transport company. 
• Bus manufacturers 

Issues covered 

• Energy storage mechanisms (battery / flywheel / super-capacitor?) 
• Appropriate hybrid configuration (series or parallel?) 
• Expected vehicle performance and implications for financial impacts of running hybrid 

buses rather than conventional vehicles 
• Actual hybrid vehicle availability from bus manufacturers 

Decision making process 

• After the reorganisation of public transport in Monza which meant that it was managed 
by NET, a PT company almost fully owned by ATM (and the largest PT company 
operating in and around Milan), it became easier to procure a hybrid bus from retailers to 
be tested in Monza because ATM is a bigger company with more ‘muscle’ in the 
marketplace and the experience and the interest that ATM has already shown in 
alternative fuels for public transport has been a facilitator. 

Outcome 

• Test of a hybrid bus in PT 

Next steps 

• Evaluate the hybrid bus. 
 
Iasi 
 
Nature of Problem: 

• Poor air quality on the ARCHIMEDES corridor in the city centre linked to vehicle 
emissions 

• Difficulties to find a proper company to make the measurements for the pollutant level 
study in the CIVITAS corridor. 

Objectives of intervention: 

• Identify the source of the emissions that is causing the poor air quality 
• Find a company able to make the measurement necessary to identify the source of the 

emissions 
• Define the subsequent implementation of the measure 

Who was involved? 

• Iasi City Council 

Issues covered 

• Air Quality 
• Emissions measurements 
• Identification of old buses as the source of the problem 

Decision making process 

• Iasi City Hall extended its search to other counties to find a suitable technical supplier for 
the emissions measurements.  
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Outcome 

• First study measuring the pollutant level in the CIVITAS corridor. 
• The company Valimar Med from Bacau was finally appointed to perform these 

measurements. 
• A plan to convert the buses’ engines from diesel power to LPG 

Next Steps 

• Measurements like the ones in this study can be also performed in other places in Iasi 
with heavy traffic in order to have a realistic record of existing pollution emissions and to 
take action with a view to diminishing these fumes. 

• Implementation and evaluation of the use of LGP buses on the CIVITAS corridor in Iasi. 
 

5.4.3 Observations 
Workpackage 1 focuses on technological opportunities to reduce the impact of public transport 
vehicles on the local and global environment without negatively impacting on the mobility 
offering made to potential customers; i.e. the citizens. 
 
A wide range of technologies exist on the market now and are in development for the future, 
which offer different benefits and possible drawbacks and are likely to be applicable to different 
transport applications, depending on their characteristics – in most cases, even though the 
ARCHIMEDES cities were relatively quick to narrow down their options they have still found the 
initial research and subsequent support process lengthy and expensive in terms of staff time.  
This makes it difficult to formulate a universal plan for all cities to adopt, which is emphasised by 
CTSS in San Sebastian who stated that their analysis (see section 4.2) is based on their own 
situation and is not necessarily applicable to other cities. 
 
This is also emphasised by the diversity of the systems covered in depth by the research 
deliverables within ARCHIMEDES workpackage 1: particularly LPG, hybrid technologies and 
biofuels.  The cities’ reactions to them depend on issues such as the current local state of 
technological development and what is available on the local market, which in itself varies, as 
well as the information that they have managed to collect from the large and ever-changing pool 
of information that is available.  In the future this situation is unlikely to be clarified quickly and 
may become more complex as energy security issues focus policies towards exploiting local 
energy sources. 
 
Considering the main focuses of the ARCHIMEDES cities: 
 
LPG 
 
MONZA’s study points out that “Considering that 60% of the LPG used derives as a by-product 
from oil refining and if not used is often burned with no utility (i.e. wasted) in the flares of the oil 
refineries, the productive use of this LPG as a fuel could displace other fuel and contribute to an 
overall reduction in carbon dioxide production. Besides, this kind of propulsion is characterized 
by silence and strongly reduced emissions.” This supports Iasi in the conversion of 30 buses to 
LPG with the aim of reducing the emissions levels in the CIVITAS corridors.  However, this 
situation is not sustainable in the long term, given its dependency on oil production and refining, 
and more represents a convenient local solution while a better long term strategy is put in place. 
 
For MONZA there’s a strong reason for not choosing the LPG (and other gaseous fuels such as 
methane, and hydrogen) because it was not possible to build tanks suitable to contain any kind 
of gas in the TPM premises; also using the supply in service stations would not be easy 
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because vehicles would be forced to travel for many kilometres to find one and travelling with an 
empty tank would be very expensive due to higher costs of time and staff.” 
 
SECOND GENERATION BIODIESEL 
 
Danish climate conditions are much more restrictive than the ones in DONOSTIA – SAN 
SEBASTIAN.  As second generation biodiesel is very sensitive to low temperatures, there are 
clear limitations in the use of high blends in the case of AALBORG. 
 
In DONOSTIA – SAN SEBASTIAN there are not such limitations. Furthermore, CTSS stores the 
pure biodiesel on its own premises for use it in its own biofuel mixing station, which allows use 
of different blends in different vehicles, if required.  Up to now there have been no problems with 
the stability in the storage of the pure B100 product. 
 
HYBRID 
 
Both MONZA and DONOSTIA – SAN SEBASTIAN completed in depth studies of buses using 
hybrid technology.  Although the final selection depends on the national/local commercial offer 
from the various manufacturers (Van Hool and MAN), both have selected a Series Hybrid 
system which is generally accepted as the best choice for urban transport characteristics: low  
average speeds, high traffic density, short distances between stops and with many 
accelerations and braking situations. 
 
The graphic below shows the fuel consumption reduction depending on the average speed of 
the vehicle (horizontal axis) - the lower the average speed the greater the relative efficiency of 
the hybrid system. 

 
 
Figure 9. Graph of the relative decrease in fuel consumption against average speed for series hybrid 
systems. (Specific reference to MAN Hybrid Series system.) 
 

5.5 Future Plans 
 
AALBORG 
 
According to tests carried out by DTI blended DAKA-based fuel has practically no negative 
environmental impacts compared to standard diesel. 
 
Subsequent experiences from field tests show no need for conversion of vehicle engines.  
Standard vehicles can be used with little or no modification. 
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The experiences from other projects so far are good and the fuel from DAKA - or equivalent fuel 
from other suppliers - can therefore be recommended for large scale demonstration. 
 
DONOSTIA – SAN SEBASTIAN 
 
The “alternative fuel options” subject is a living topic that is day to day progressing with the 
latest research and development news. So, while this study remains valid, new greener fuel 
options, or new technologies developments and improvements, continue to appear with the 
potential to reduce global and local emissions and reduce production costs and social impacts.  
This means that in a short time the study would need to be refreshed and reviewed with the 
latest information to maintain its conclusions valid. 
 
The results of consumption and maintenance costs during the implementation of biodiesel in the 
bus fleet during CIVITAS will give reliable data. This will be compared with the information 
showed in the Study.  In the same way, the CTSS will experiment with the hybrid bus that is 
being purchased during CIVITAS and the results will be used as a showcase for the decision for 
the next purchases. 
 
IASI 
 
Measurements as the ones of the Study can be also performed in other places in Iasi with 
heavy traffic in order to have a realistic record of existing pollution emissions and to take action 
with a view to diminishing these fumes. 
 
By transforming diesel buses into LPG buses we expect at a diminishment of vehicle emissions 
and the associated pollutant level leading to an improvement of the air quality although those 30 
buses that are transformed represent a low percentage of the total vehicles that circulate on 
CIVITAS corridor. 
 
Final conclusions of the study and meetings will be disseminated by a press release to local and 
regional media. 
 
MONZA 
 
The test of the hybrid bus will be a delicate phase during which many aspects of the bus will 
have to be checked 
 
� Chemical elements dispersed in the air will be controlled (PM10 particulate, NOx, CO2, 

and so on) and emissions will be compared with those coming from “ecologic” buses 
such as the ones already operational in Monza, e.g. traditional EEV diesel buses. 

� Noise produced by the bus, both internal and external, will be compared with the one 
produced by a traditional bus 

� Number of operational hours that the bus carries out during the testing phase and to 
compare the data with the average reliability of a traditional diesel bus. 

� Reliability of all the equipment installed on board; for instance, the effectiveness of 
heating during winter and of air-conditioning during summer. Furthermore braking 
system, opening of the doors, suspensions and duration of batteries/supercapacitors 
should be tested. 

� Duration of batteries either as whole cycle of life or as duration after the recharging. 
Further equipment than the standard one will be assembled which will be useful for the 
positioning of the bus (GPRS), communication via radio and video surveillance: the 
equipment will be electrically supplied and will use electric energy 
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Furthermore during the demonstration phase it will be possible to verify if expected benefits of 
the hybrid bus are actually fulfilled.  

• Increasing of energy efficiency  
• Lower costs for engine maintenance  
• Costs of the life-cycle  
• Less risks due to smaller quantity of fuel  
• Lower operating costs compared to standard diesel buses.  
• Costs of facilities: 

o Same diesel pumps 
o Same garages 

 
The diesel engine of a hybrid bus is used only for charging and not for traction so smaller 
engines are mounted. Consumption will benefit of the average weight reduction (in some cases 
around a tonne): fuel consumption and emissions of carbon dioxide and greenhouse effect 
gases is expected to be reduced to 40-50% in comparison with a traditional diesel bus. 
 
Reporting of the implementation of measures 1, 2, 4, 5 and 7 can be found in the individual 
deliverables T1.1/1.3, T1.2/1.3, T1.4, T1.5, T2.1, T4.1, T4.2, T4.3, T5.2, T5.3 and T7.1 and the 
overall conclusions in deliverable D1.1. 


