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Referência do projecto 
Project reference 

POCTI/TRA/60824/2004

1. Identificação do projecto  
1. Project description -
Financiamento solicitado 
Requested funding 

84.456,00 Euros

Área científica principal 
Main Area 

Transportes

No caso de considerar imprescindível a avaliação do seu projecto  
numa outra área científica proponha qual: 
Área científica Secundária 
Secondary area 

Alterações climáticas

Título do projecto (em português)  

Project title (in portuguese) 

CAReFUL - Renovação do parque automóvel: processo chave para a redução das emissões atmosféricas

Título do projecto (em inglês) 
Project title (in english) 

CAReFUL - Car fleet renewal as a key role for atmospheric emission reduction

Palavra-chave 1  Keyword 1

Automóvel Car

Palavra-chave 2 Keyword 2

Renovação tecnológica Technological renewal

Palavra-chave 3 Keyword 3



 

 

 

Reciclagem de veículos Car recycling

Palavra-chave 4 Keyword 4

Emissões Atmosféricas Atmospheric Emissions

Objectivos sócio-económicos 
Socio-economic objectives 

Ambiente

Data de início do projecto 
Starting date

Duração do projecto em meses  

Duration in months

01-01-2005 24

2. Instituições participantes  
2. Participating institutions -
Instituição Proponente  

Principal Contractor

Instituto Superior Técnico (IST/UTL) 

Avenida Rovisco Pais 
1049-001Lisboa 

Instituições Participantes  

Participating Institutions

(vazio) 
(void) 

Unidade de Investigação  

Principal Research Unit

Centro de Sistemas Urbanos e Regionais (CESUR/IST/UTL) 

Avenida Rovisco Pais 
1049-001Lisboa 

Instituição de Acolhimento  

Host Institution

Centro de Sistemas Urbanos e Regionais (CESUR/IST/UTL) 

Avenida Rovisco Pais 
1049-001Lisboa 

3. Orçamento  
3. Budget -
Instituição Proponente 
Principal Contractor

Instituto Superior Técnico 

DESCRIÇÃO 
DESCRIPTION 2004 2005 2006 2007 2008 TOTAL
Recursos Humanos   

Human resources
0 8940 8940 0 0 17880

Missões   

Missions
0 19000 19000 0 0 38000

Consultores   

Consultants
0 0 0 0 0 0

Aquisição de serviços e manutenção   

Acquisition of services and maintenance
0 6000 5000 0 0 11000

Outras despesas correntes   

Other current expenses
0 500 500 0 0 1000

Despesas gerais   

Overheads
0 6888 6688 0 0 13576

Total despesas correntes 
Total current expenses

0 41328 40128 0 0 81456



 

(Não se encontram registadas Instituições Participantes para este projecto) 
(No Participating Institution has been registered for this project)  
---> Verificar no quadro 2. Instituições participantes 
---> Verify in table 2. Participating institutions  

 

4.1. Justificação dos recursos humanos 
4.1. Human resources justification 

Equipamento   

Equipment
0 3000 0 0 0 3000

TOTAL 0 44328 40128 0 0 84456

Instituições Participantes 
Participating Institutions

Orçamento Global 
Global budget

DESCRIÇÃO 
DESCRIPTION 2004 2005 2006 2007 2008 TOTAL

Recursos Humanos  
Human resources

0 8940 8940 0 0 17880

Missões  
Missions

0 19000 19000 0 0 38000

Consultores  
Consultants

0 0 0 0 0 0

Aquisição de serviços e manutenção  
Acquisition of services and maintenance

0 6000 5000 0 0 11000

Outras despesas correntes  
Other current expenses

0 500 500 0 0 1000

Despesas gerais  
Overheads

0 6888 6688 0 0 13576

Total despesas correntes 
Total current expenses

0 41328 40128 0 0 81456

Equipamento  
Equipment

0 3000 0 0 0 3000

TOTAL 0 44328 40128 0 0 84456

Plano de financiamento 
Finance plan

DESCRIÇÃO 
DESCRIPTION 2004 2005 2006 2007 2008 TOTAL

Financiamento solicitado à FCT  
Requested funding

0 44328 40128 0 0 84456

Financiamento próprio  
Own funding

0 31206 31206 0 0 62412

Outro financiamento público  
Other public-sector funding

0 0 0 0 0 0

Outro financiamento privado  
Other private funding

0 0 0 0 0 0

Total do Projecto  
Total of the project

0 75534 71334 0 0 146868

4. Justificação do orçamento  
4. Budget justification -

Tipo Nº de pessoas Duração Custo envolvido (€)

(BI) Bolsa de Investigação (Lic. ou Bacharel) 1 12 8940

Justificação 

Several air emission estimation methodologies are available, such as the EEA's EMEP/CORINAIR methodology. 



4.2. Justificação de missões  

4.2. Mission justification 

4.3. Justificação de consultores  

4.3. Consultants justification 
(vazio) 
(void) 
4.4. Justificação de aquisição de serviços e manutenção  

4.4. Acquisition of services and maintenance justification 

4.5. Justificação de outras despesas correntes  

4.5. Current expenses justification 

COPERT is the corresponding software application. However, it was developed for national inventories and lacks of 
interoperability with other software packages. The undergraduate student will program the methodology through 
MS-EXCEL-based VBA routines (CAREM and CAREN modules of the CAReFUL model) (TASK 4). 
Besides, the undergraduate student will participate in the literature review on the external and internal factors that 
condition the car industry development (TASKS 1 & 2).

Tipo Nº de pessoas Duração Custo envolvido (€)

(BI) Bolsa de Investigação (Lic. ou Bacharel) 1 12 8940

Justificação 

The undergraduate student will participate in the CAReFUL application to the Portuguese situation. Due to lack of 
information on the national car fleet composition, a national survey will be performed to collect and process data to 
run the CAReFUL model. 
He will also review the international experience on economic, regulatory and other instruments that can promote the
technological renewal of national car fleets. He will then identify instrument packages that promote technological 
renewal of the Portuguese case, attending to the results of the CAReFUL application to Portugal. 

Custo total: 17880

Tipo Local Nº de deslocações Custo envolvido (€)

Estágios de curta duração
Universität Karlsruhe and LET of the University 
Lumière Lyon 2

2 30000

Justificação 

The short training periods abroad will enable the research team students to establish contact with the international 
research situation and attend to short term courses in two important research centers of the TRANSPORTNET PhD 
network. This network covers research centers in Antwerp, Karlsruhe, Lyon, Delft, Genova, Athens, Lausanne, and 
Lisbon, which is the present network leader. Here is a excellent oportunity for research students of this team to get 
in contact with a network of recognised excellency in the domains of transport research.

Tipo Local Nº de deslocações Custo envolvido (€)

Participação em 
congressos

Europe and/or USA (non-exclusive destinations) 4 8000

Justificação 

The project’s team intends to carry out 4 missions, all dedicated to attend to international conferences. The 
researchers will submit papers in all conferences. Cost covering air flight tickets and accommodation are expected to 
be of €2000/mission (€1000/air flight ticket+€500 for accommodation during missions of 4/5 days+€500 for 
conference fees). Total cost for missions is €8000.

Custo total: 38000

Tipo Custo envolvido (€)

Field surveys subcontracted to specialised company 10000

Justificação 

Surveys aim to: 
- collect data to characterize the national car fleet composition (survey sample is estimated to cost €2500); 
- assess the receptiveness of citizens to new concepts of transport supply (survey sample is estimated to be of 150 
interviews, which costs nearly €7 500 : €50/interview).

Tipo Custo envolvido (€)

Visual Basic Training sessions 1000

Justificação 

Training sessions on VISUAL BASIC programming will also be acquired, in order to perform MS EXCEL-based 
dynamic modelling, which is estimated to cost nearly 1000 euros.

Custo total: 11000

Tipo de despesa Custo envolvido (€)



 
4.6. Justificação do Equipamento  

4.6. Equipment justification 
 

 

5.1 Lista de membros (2) 
5.1. Members list (2)  

5.2. Lista de membros a contratar durante a execução do projecto (2) 
5.2. Members list to hire during project's execution (2) 

 

Lista de projectos financiados (1) 
Funded projects list (1) 

Indicadores de realização previstos para o projecto 
Expected output indicators 

Bibliography 1000

Justificação 

Cost covering acquisition of books, journals (which are not available in the Portuguese "Biblioteca on-line"), 
Conference Proceedings articles, and other publications,.

Custo total: 1000

4.6.1. Equipamento já disponível para a execução do projecto 
4.6.1 Available equipment

Tipo de equipamento Fabricante Modelo Ano

PC desktop ASUS Pentium III 2002

4.6.2. Discriminação do equipamento a adquirir 
4.6.2. List of new equipment requested

Tipo de equipamento Fabricante Modelo Custo envolvido (€)

PC Desktop
To be selected according to public purchasing 
pools

Pentium IV 3000

Justificação 

This equipment will be particularly interesting in Task 2 and 3, respectively, for data collection, processing and 
analyzing, and for the development of the systems-dynamics model. Finally, in Task 4, the hardware to be acquired 
will also be useful for the application of the model referred in Task 3, to the Portuguese situation, using information 
provided by Task 2.

Custo total: 3000

5. Equipa de investigação  
5. Research team -

Nome 
Name

Função 
Role

Grau académico 
Academic degree

%tempo
%time

José Manuel Caré Baptista Viegas Inv. Responsável AGREGAÇÃO 25

Filipe Manuel Mercier Vilaça e Moura Investigador MESTRADO 50

(O curriculum vitae de cada membro da equipa está disponível clicando no nome correspondente) 
(Curriculum vitae for each research team member is available by clicking on the corresponding name)

Membro da equipa 
Team member

Função 
Role

Duração
Duration

%tempo
%time

(BI) Bolseiro de Investigação (Lic. ou Bacharel) 1 Bolseiro 12 100

(BI) Bolseiro de Investigação (Lic. ou Bacharel) 2 Bolseiro 12 100

6. Projectos financiados  
6. Funded projects -

Referência Título Estado
POCTI/ECM/45740/2002 DelimitaÁão de Zonas de Afecta... Em curso

(Os detalhes de cada projectos estão disponíveis clicando na referência correspondente) 
(Details for each project are available by clicking on the corresponding reference)

7. Indicadores previstos  
7. Expected indicators -



 

Acções de divulgação da actividade científica 
Scientific activity spreading actions 
(Estimula-se a apresentação e propostas neste âmbito que possibilitem a aproximação da actividade científica ao 
grande público) 
(It is strongly desired the presentation of proposals within this subject that will approach science to the general 
public.) 

DESCRIÇÃO 
DESCRIPTION 2004 2005 2006 2007 2008 Total

A - Publicações 
Publications 

Livros 
Books 

0 0 0 0 0 0

Artigos em revistas internacionais 
Papers in international journals 

0 0 2 0 0 2

Artigos em revistas nacionais 
Papers in national journals 

0 0 0 0 0 0

B - Comunicações 
Communications 

Comunicações em encontros científicos internacionais 
Communications in international meetings 

0 2 2 0 0 4

Comunicações em encontros científicos nacionais 
Communications in national meetings 

0 0 0 0 0 0

C - Relatórios 
Reports 

0 2 2 0 0 4

D - Organização de seminários e conferências 
Organization of seminars and conferences 

0 0 0 0 0 0

E - Formação avançada 
Advanced training 

Teses de Doutoramento 
PhD theses 

0 0 0 0 0 0

Teses de Mestrado 
Master theses 

0 0 2 0 0 2

Outras 
Others 

0 0 0 0 0 0

F - Modelos 
Models 

0 0 1 0 0 1

G - Aplicações computacionais 
Software 

0 0 0 0 0 0

H - Instalações piloto 
Pilot plants 

0 0 0 0 0 0

I - Protótipos laboratoriais 
Prototypes 

0 0 0 0 0 0

J - Patentes 
Patents 

0 0 0 0 0 0

L - Outros 
Other 

 0 0 0 0 0 0

 0 0 0 0 0 0

 0 0 0 0 0 0

A seminar will be organized in order to present the results obtained after each milestone of the project is achieved 
(Table 1 in annex). The seminars will take place at the Instituto Superoir Técnico and will be highly disseminated 
making use of the Master in Transportation mailing list, which is quite vast and aggregates the major transport 
community in Portugal. 
We´ll also disseminate results using the international TRANSPORTNET networtk of Excellency which cover 8 
countries within the EU. 
A web-page will be built in order to promote participation by students, scientific community and interested public.

8. Anexo técnico  
8. Technical addendum 



8.1. Resumo  
8.1. Abstract 

8.2. Objectivos  

-

Resumo (em português) 
Abstract (in portuguese) 

As preocupações ambientais ganham expressão nos anos 70, principalmente relacionadas com os fenómenos de 
acidificação da atmosfera. Desde então, verificou-se um processo interessante de sucessivas descobertas de novos 
tipos de agressões ambientais e respectivos riscos, seguidos de respostas tecnológicas e respectiva introdução nos 
mercados. As alterações climáticas constituem uma preocupação fundamental na política europeia, tendo implicado 
medidas restritivas severas, com especial incidência na indústria automóvel através das normas EURO. Apesar dos 
problemas subsistirem, a situação está melhor e é expectável que grande parte da solução possa estar na 
aceleração da substituição das tecnologias. No entanto, apesar de ser consensual que a tecnologia resolverá os 
problemas ambientais dos transportes, não existe nenhum informação sobre quando e como isso acontecerá. <br> 
O objectivo principal deste projecto é propor uma metodologia e uma ferramenta que optimizem a distribuição 
etária e tecnológica do parque automóvel, por forma a serem atingidos os objectivos nacionais de emissões 
atmosféricas.<br>As base teóricas desta proposta assentam na teoria dos sistemas dinâmicos e nas metodologias 
de avaliação de emissões atmosféricas. As motivações que levaram à definição da proposta estão ligadas à 
aprovação do Programa Nacional para as Alterações Climáticas (PNAC), no qual é traçado um diagnóstico negativo 
para os próximos 10 anos. Caso não verifiquem modificações nos padrões actuais de emissão, Portugal colocar-se-á 
numa situação crítica em termos de incumprimento no que respeitam os compromissos assumidos no Protocolo de 
Quioto. Este projecto enquadra-se nesta problemática.<br>O projecto propõe um aspecto inovador relevante que 
consiste na agregação de várias metodologias através de um modelo dinâmico (CAReFUL). Este modelo é composto 
por três módulos: o CAREM para a estimativa de emissões, o CAREN para as estimativas de consumo energético e o 
CARFLEE para a estimativa de evolução do parque automóvel. O aspecto inovador consiste no “feedback loop” 
através do qual se pode determinar a constituição do parque que permite atingir um determinado objectivo de 
emissões ou de consumo, num horizontal temporal prédefinido.<br>Esta metodologia é complementada por um 
modelo conceptual que relaciona os factores conjunturais que determinam a evolução do parque automóvel, as 
forças motoras que desencadeiam os processos de inovação tecnológica da indústria automóvel, e as principais 
estratégias de desenvolvimento da indústria. <br>Também são esperados contributos importantes que resultarão 
da aplicação desta metodologia ao caso de Portugal.

Resumo (em inglês) 
Abstract (in english) 

By the mid and late 70s, the environmental issue came to the fore of transport activity, largely through the item of 
acidifying substances and ozone precursors. Since then, an interesting process has been going with successive 
discovery of new types of environmental aggressions and associated risks, followed by technological responses and 
their introduction in the market. Climate change is a major environmental burden that implied severe restrictive EU 
policies to the transport sector, and more specifically to the car industry through the EURO regulation. Although 
problems aren’t solved, the situation is improving in general, and in many respects the question of accelerating fleet 
renewal is now dominant.<br>Much transport research has been performed for the last 20 years. The last years 
were particularly dedicated to its environmental aggressions. After the ECCP, and similar policies, research is now 
even more focused on these issues. As a prime contributor to atmospheric emissions, much attention is paid to car’s 
technological aspects (mainly emissions and energy consumption). Although it is commonly accepted that 
technology will solve road transportation environmental problems, there is no precise knowledge on when and how 
this will happen.<br>The main goal of this project is to propose a methodology and a tool that determine the 
optimized technological and age distribution of a national car fleet that achieves national atmospheric emission 
targets.<br>The theoretical ground of the present proposal is based on systems dynamics and air emission 
research. Practical motivations refer to the recent government’s approval of the National Programme for Climate 
Change, where a critical diagnosis is drawn for the next 10 years of the national greenhouse gas emissions. If trend 
line emissions are not curbed, Portugal will embrace an international non-compliance situation with respect to the 
Kyoto protocol commitment. This situation is even more critical if we consider its EU burden share agreement that 
implicates Portugal into severe consequences.<br>The present research proposal brings a major innovative aspect: 
a dynamic model (CAReFUL) that gathers methodologies for the estimation of emissions (CAREM) and energy 
consumption (CAREN) by cars and the evolution of national car fleet (CARFLEE), both in terms of its size and 
technological structure. Life-cycle thinking is considered here.<br>Moreover, this methodology is complemented by 
the rack up into a conceptual model of the interrelationships of:<br> -major conjuncture factors that influence 
technological evolution of car fleets;<br> -major driving forces that trigger technological innovation; and<br> -
major improvement paths for innovation (incremental, remanufacturing, rethink, or hybridization of the last 
two).<br>Major contributions are the expected results of the case-study applied to the Portuguese situation.



8.2. Objectives 

8.3. Estado da Arte 
8.3. State of the Art 

Descrição dos Objectivos do Projecto 
Project Objectives (description) 

Much research focuses on the environmental efficacy of car abatement, ITS tools and other demand-side-acting 
instruments (economic and regulatory). Although environmental problems have been identified and technological 
responses discovered, the success of technology depends largely on accelerating the fleet’s renewal rates. The main 
goal of CAReFUL is to define the optimized age-composition of car fleet that meets the national air emissions 
targets. CAReFul remaining objectives are to: 
-identify external factors and driving forces that the technological renewal of car fleet ; 
-assemble a dynamic model in order to simulate the evolution of a car fleet composition, adopting a life-cycle 
approach; 
-analyse which of the available tools best contribute to achieve the fleet’s renewal targets; 
-run the CAReFUL model for the Portuguese situation, including the assessment of the abatement industry of older 
vehicles.

Descrição dos Objectivos do Investigador Responsável 
Principal Investigator Objectives (description) 

In pair with transport policy developments in the ease, cost and safety of movement for persons and goods, over 
the last 25 years, progress has also been made on environmental issues, largely upon air emissions reduction by 
road vehicles. CAReFUL research represents a continuation of a research stream since it is built on the findings of 
previous projects carried out by the candidate team within EU research programs and national air pollution 
prevention programs: 
- ISOTOPE-reorganization of urban public transport market (UPT); FISCUS-evaluation of transport internal and 
external costs of UPT; PETS-pricing transports in the light of all relevant internal and external costs; COMMUTE-
Strategic environmental assessment of transport infrastructure; 
- PNAC-National Program for Climate Change; PTEN-National Program of Emission Ceilings. 
As an answer to the main goals of this call (transport and climate change), this team pretends to develop a tool that 
can contribute effectively to national environmental commitments, such as the Kyoto Protocol target.

Descrição do Estado da Arte 
State of the Art (description) 

By the mid and late 70s, the environmental issue came to the fore for transports, largely through local and global 
air pollution [Ref.Biblio–RB4]. Since then, successive discovery of new environmental aggressions, followed by 
technological responses and their introduction in the market, has followed. These environmental impacts are likely 
to increase, which ultimately depends on the balance between efficiency gains and the increase of mobility of people 
and goods. Although problems are far from solved, the situation is improving in general, partly due to technological 
improvements and in many respects the question of accelerating fleet renewal is now dominant [RB1]. 
The technological evolution process has been based on four main paths (Figure 1 in annex) [RB2]: 
- Incremental steps (continuous improvement such as the retrofit of vehicle components);  
- Remanufacturing of existing models (using new materials or redesigning existing concepts). 
- Concept-rethinking, by technological breakthroughs, such as fuel cell. 
- Combination of the last two paths, which consists in the hybridization of the 2 concepts (eg, hybrid-cars). 
In the past 200 years, the system has embraced a new means of transport every 50 years or so, according to the 
Kondratieff cycles of technological evolution and each cycle’s takeoff appear to be clustered within certain historical 
epochs [1], [2]. It is therefore interesting to understand which factors (if any) determine these technological 
breakthroughs. 
These are: 
- Economic, since technological improvements should have a return on investment sufficiently attractive and car 
industry is quite sensitive to market fluctuations; 
- Institutional, since car industry is directly affected by regulation, despite the State is less and less interferer, and 
can be affected by institutional reorganization. 
- Social and spatial organization, which relates to behavioural changes in society and evolution of landuse 
organization. 
As referred before, since the 70s, environmental decay, in pair with safety, became the driver of the car 
technological improvements. It has conduced to very tight EU car-production regulations (EURO). These result from 
the EU policies, with effective responses by the car industry (Auto-Oil Programme/ACEA voluntary agreement) 
[RB5]. It is of utmost importance to refer here the EU strategy to progressively shift the taxes from technology 
purchasing to technology use, combined with fuel taxation strategies, in order to foster fleet’s technological renewal. 
These pretend to contribute to the internalization of environmental cost, giving the correct signals to the market [3].
Governments can also influence car industry through pricing mechanisms, such as “feebates”, that also induce 



8.4. Resultados e Repercussões 
8.4. Results and Repercussions 

8.5. Regionalização 

faster technological renewal of fleets [RB2],[4]. Pricing acceptability of citizens is here an important issue to be 
considered (PATS, AFFORD, CAPRI).  
Global car fleet emissions depend on technological renewal rates, before overall efficacy is achieved. It depends 
mostly on the balance between new technology penetration and vehicles’ retirement. Older and medium-aged 
vehicles were shown to contribute a significant share of the pollution [RB3]. Many countries introduced old cars 
scrapping programs. However, reducing the age of the current car fleet may result in an increase of life-cycle CO2 
emissions (especially in the stage of scrapping old vehicles) [5]. Again EU Directives have been introduced to 
compensate a probable increase in car scrappage, by imposing car producers to increase the recyclable components 
of new vehicles. 
Hence, the questions are: 1) Is there any societal context that can restrain the technological renewal of car fleets? 
2) Attending to these external constrainments, what have been the car industry options? 3) Assuming trend line 
technological improvements (paths 1,2,4), what is the optimized fleet structure that meet the atmospheric 
emissions targets, considering life-cycle emissions? 
______________________________________________________________________ 
[1] Ausubel, H.; Marchetti, C.; Meyer, P.S (1998), “Toward green-mobility: The Evolution of Transport”, in European 
Review, Vol.6, nº2, pp-137-156  
[2] Andersen, B. (1999), “The hunt for S-shaped growth paths in technological innovation; a patent study”, in 
Evolutionary Economics, v9, 487-526. 
[3] European Commission (2002), “Fiscal Measures to reduce CO2 emissions from new passenger cars”, by COWI 
A/S. and European Commission (2001), “European Climate Change Programme: first phase final report”, 
(http://europa.int.eu) 
[4] Nederveen, A.A.J. et al (2003), “Globalization, International Transport, and The Global Environment: 
Technological Innovation, Policy Making and the Reduction of Transportation Emissions”, in Transportation Planning 
and Technology, v26, 1, 41-67. 
[5] Dill, J. (2004), “Environmental Impacts of Scrapping old cars”, in Transportation research – Part D, v.5, 137-143

Divulgação de Resultados (descrição) 
Diffusion of Results (description) 

The main expected results are: 
- Detailed analysis of the major factors that determine the technological renewal of car fleet of countries; 
- A dynamic model which was named after CAReFUL, which is composed by three modules that pretend to estimate 
emissions (CAREM), energy consumption (CAREN) and the fleet size and structure (CARFLEE). This model includes 
the inputs (emissions and energy consumption) from the LCA of fuel refinement and delivery, vehicle production and
vehicle scrappage industries. 
- The definition of instrument packages to promote technological renewal of car fleet attending to atmospheric 
emission reduction targets. 
- An application of the CAReFUL model that defines the optimized age-distribution of the Portuguese car fleet, in 
order to achieve the required atmospheric emissions. 
- A regionalized assessment of the car fleet size and technological structure, which allows regionalized intervention 
to achieve the national objective of reducing atmospheric emissions.

Repercussões (descrição) 
Repercussions (description) 

The European Commission’s objective for the next 10 years is to refocus Europe’s transport policy on the demands 
and needs of the citizens. In adopting the White Paper “European Transport Policy for 2010: Time to decide”, The 
European Commission is for the first time placing the users needs at the heart of its strategy. With its new 
Transport Policy White Paper, the Commission is proposing an Action Plan aimed at bringing about substantial 
improvements in the quality and efficiency of transport in Europe. 
Amidst several important measures, the following addresses specifically the issue of efficiency: 
“Towards sustainable mobility - Transport in Europe must, as a matter of priority, be compatible with environmental 
protection. To this end, the Commission is proposing a wide range of measures to develop fair infrastructure 
charging which takes into account external costs and encourages the use of the least polluting modes of transport, 
to define sensitive areas, in particular in the Alps and Pyrenees, which should be eligible for additional funding for 
alternative transport, and to promote clean fuels ...” 
The present research is in line with the European objectives. Although it is expectable that present development of 
car technology will achieve zero-emission levels, environmental decay is still a reality. Therefore, the question at 
stake is whether or not additional action is needed to make technology more effective? Present research will provide 
a valuable tool for to analyse this issue, and near future direct repercussions could be expected in the case of the 
Portuguese car fleet.



8.5. Regionalization 

 

8.6. Tarefas 
8.6. Tasks 
 
Lista de tarefas (7) 
Task list (7) 

8.7. Referências Bibliográficas 
8.7. Bibliographic references 

Região 
Region

Percentagem 
Percent

Norte 14

Centro 14

Lisboa e Vale do Tejo 7

Alentejo 22

Algarve 11

Região Autónoma dos Açores 11

Região Autónoma da Madeira 21

Descrição 
Description
Regionalization of the outputs is also a major concern of the present project, attending to the following reasons: 
- The main objective of the present proposal is to contribute to the national air pollutant emission reduction targets, 
according to international commitments (PNAC, PTEN). However, as referred in these programmes, the national 
aggregate emissions are unevenly distributed among different regions of the Portuguese territory, according each 
economical sector of activity (energy production, transportation, activity, agriculture, industry, etc.). Moreover, the 
national air quality monitoring system identifies critical location of poor air quality levels, mainly in regions with 
higher areas of urban and suburban land occupation. Therefore, although national car fleet renewal objectives are 
common for all regions, the rate at which each region must evolve to reach those goals can be differentiated. 
- On the other hand, the regionalized approach to the characterization of the car fleet composition would highlight 
the different levels of motorization and private car use on the national territory. There are clear gains in this 
approach, since it allows a different analysis of national aggregate results, and therefore, to differentiate priorities 
and measures of intervention according to the different characteristics of each region. 
- Finally, the implementation of policy measures should always be preceded by an assessment of the receptiveness 
or acceptance of the actors involved, which is also an objective of the present project. Levels of receptiveness and 
acceptance are definitely different from region to region, since they ultimately depend on the socio-economical 
characteristics of each region. 
 
Thus, a regionalized specification of the car renewal rates can result in a better achievement of the aggregate 
objective of reducing air pollutant emissions, and meeting the international commitments, namely the Kyoto protocol
target, by 2008 to 2012. 
 
The previewed regionalized impact of the expected results is estimated on the basis of the actual energy 
consumption figures by the transport sector, and the average age of eah region's car fleet. The region of Lisboa e 
Vale do Tejo has the newest car fleet, indicating that its economical development is higher than the remaining 
regions, and converging to the EU standards. Thus, any effort towards the renewal of car fleet should be focused on 
the regions with older car fleets, as ilustrated in the % distribution above.

Designação da tarefa  
Task denomination

Data de início 
Start date

Data de fim 
End date

Pessoas * mês  
Person * months

T1 - Evolution of external constrainment... 01-01-2005 30-04-2005 2,5

T2 - Driving forces of technological inn... 01-02-2005 31-05-2005 3

T3 - Elements for the optimization of th... 01-06-2005 31-08-2005 2,5

T4 - Dynamic Model of a CAR Fleet EvoLUt... 01-06-2005 31-05-2006 15,5

T6 - Case-Study: Determination of the Po... 01-11-2005 31-12-2006 12

T5 - Identification of instrument packag... 01-06-2006 31-08-2006 3,5

T7 - Final Report: Conclusions and recom... 01-09-2006 30-11-2006 3

(Os detalhes de cada tarefa estão disponíveis clicando na designação correspondente) 
(Details for each task are available by clicking on the corresponding denomination)
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Publicação 
Publication

"Transport Policy development in Europe 1950-2020"; Viegas, J.M; in "50 years of Transport Policy", by the 
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"Exploring ´weak signals´ as potential challenges in transport: an inventory of potential future technology 
developments", in "Transportation Planning and Technology", volº26, nº6, pp469-489, dec.2003

2003
"Emissions reductions from accelerated vehicle retirement", Dill, Jennifer; in Transportation Research - Part D, 
Vol.9, pp-87-106, 2003

2001
“Third Assessment Report / Climate Change 2001: Impacts, Adaptation & Vulnerability”, IPCC, ed. James J. 
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Press, UK. pp 1000, 2001

1996 European Commission, 1996. The European Auto Oil Programme. Report by DG III, XVII, and XI.
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Artigo (endereço na Internet - URL) 
Paper (Link in the Internet - URL)
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2003
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(confidential)
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2001 http://cesur.civil.ist.utl.pt/~sgvct/mbrs_gtvc/fmoura/download_docs/ArtigoCNQA_abr01.pdf
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Referência do projecto 
Project reference 

POCTI/TRA/60824/2004

Membros da equipa de investigação que participam nesta tarefa 
Members of the research team who participate in this task
Nome 
Name
(BI) Bolseiro de Investigação (Lic. ou Bacharel) 1

Filipe Manuel Mercier Vilaça e Moura

Descrição da tarefa   
Task decription 

Designação da tarefa   
Task denomination
T1 - Evolution of external constrainment over the car fleet’s technological renewal

Data de início 
Start date

Data de fim 
End date

Duração (em meses) 
Duration (in months)

Pessoas * mês nesta tarefa   
Person * month in this task

01-01-2005 30-04-2005 4 2,5
Resultados esperados   
Expected results

Global methodological considerations on the present proposal: 
 
The tasks presented hereafter are peaces of the research proposal (Figure 2 in annex). Each task of this flow 
diagram will be described in detail during the following sections. The overall approach to the objectives presented 
before is split in four major phases, at the end of which, milestones are surpassed. After the first milestone, 
Deliverable 1 will be submitted to FCT with a synthesis on the major external factors and car industry driving forces 
that influence the technological renewal of national car fleets, and how these variables interrelated. This Deliverable 
will set the basis for the work thereafter, which focuses on conceptualizing the model of the car fleet dynamic 
processes. This second stage of the work programme will be completed after the conceptual model is turned into a 
computer model that pretends to simulate the processes which underlay the dynamic evolution of a national car 
fleet. Deliverable 2 will then be submitted to FCT with the methodological issues covered, which include the 
theoretical basis on systems-dynamics and the modules of the CAReFUL mode, i.e. car fleet emission module 
(CAREM), car fleet energy consumption module (CAREN), and the car fleet composition module (CARFLEE). The 
second milestone is then overcome, and the analytical tools are then concluded. Meanwhile, stage 3 has started in 
month 11, by preparing the basis to develop the Portuguese car fleet case-study. Surveys (through interviews) on 
the Portuguese citizens’ receptiveness and acceptance to new instruments (regulatory and economic) aiming to 
promote car renewal will be performed. Moreover, another survey will allow characterizing the Portuguese present 
car fleet composition, by collecting nation-wide information. The third milestone will be surmounted when the 
CAReFUL model will run the Portuguese data-bases, and when estimated National air emissions targets can be met 
by the optimized age-distribution of the car fleet. The final report will then be prepared, concluding about all 
previous issues in an integrated way, and proposing final recommendations. The final report will also include a 
section on the car abatement industry in Portugal, in order to asses the feasibility of the car fleet renewal targets set 
before. 
Table 1 presents the timetable that sustains the present proposal in terms of time and men.month allocated to each 
task. It estimated that the project will need 42 men.month, which corresponds to an average of 1,75 person’s 
working time per month, during 2 years. 
 



 
 

The main expected result of Task 1 is a complete analysis of the main factors that determine the technological 
renewal of car fleet. 
International literature review will thus be performed and a synthesis on which might be the external conditions 
(social, economic and institutional) that determine success or failure in technological penetration in national car 
fleets. 
This synthesis will provide important information for tasks 2 and 3 (see figure 2).

Descrição da tarefa 
Task description
Although environmental problems associated to transport activity by no means are solved, the situation is improving 
in general, partly due to technological improvements, and in many respects the question of accelerating fleet 
renewal is now dominant. However, many constrainments have been influencing technological development in pair 
with the renewal of national transport fleets. 
In order to better understand the relationship between external constrainments and the performance of car fleet 
renewal, long-term techno-economic cycles (Kondratieff cycles) of car industry will be analysed. Other technological 
domains, such as telecommunications will also be analysed, from which lessons could be learned. In fact, long term 
time series suggest that major technological breakthroughs have been occurring in specific historical epochs. Some 
economists have been dedicating their research on this subject through macro-economics modelling approaches. 
Although it is not the purpose of the present research proposal to go into these issues, we could not avoid to 
understand which were the social, economic and institutional characteristics of these historical conjunctures, in order 
to identify the contextual framework that determines the probable success or failure of any initiative to promote the 
technological renewal of a national car fleet. This task has a high level of desk research. Thus, the main resources 
used will be related to literature review.
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Referência do projecto 
Project reference 

POCTI/TRA/60824/2004

Membros da equipa de investigação que participam nesta tarefa 
Members of the research team who participate in this task
Nome 
Name
(BI) Bolseiro de Investigação (Lic. ou Bacharel) 1

Filipe Manuel Mercier Vilaça e Moura

Descrição da tarefa   
Task decription 

Designação da tarefa   
Task denomination
T2 - Driving forces of technological innovation and the car fleet evolution

Data de início 
Start date

Data de fim 
End date

Duração (em meses) 
Duration (in months)

Pessoas * mês nesta tarefa   
Person * month in this task

01-02-2005 31-05-2005 4 3
Resultados esperados   
Expected results
The main expected results are: 
- a list of the major technological breakthroughs incar industry, in the past; 
- identification of which path (incremental, remanufaacturing, or rethink), each of those technological improvements 
correspond to. 
- a brief characterization of the historical conjuncture associated to each item of the list referred hereabove. 
- a matrix that crosses information between the list of major technological breakthroughs, the paths chosen by car 
industry and the historical conditions when those occurred. 
- A conceptual diagram that systematizes how the car-industry driving forces, conjuncture factors, and strategies for 
technological improvements interrelate. 
 
We also intend to prepare a paper for submission to an international conference. The content of this article will 
include, besides the results of tasks 1 and 2 (i.e. identification of the internal driving forces that determine the 
technological development of the automobile industry and the external conditions that made it happen), the 
definition of the basis for the construction of the conceptual model that pretends to represent the evolutionary 
process of a national car fleet, in terms of its dimension and technological composition (fuel, capacity, cylinder 
capacity, end of line treatment devices, etc). This article will bridge Task 2 and task 3.

Descrição da tarefa 
Task description

As referred previously, the most important constrainments to car fleet evolution have been the level of 
environmental decay of modern societies. It has conduced to very tight car-production regulations, for example the 
USA’s Clean Air Act in 1990. Looking at the European situation, the EURO regulation has produced important 
emission reductions, leading to very effective responses to environmental problems. 
In the past, the technological evolution process has been processed based in four main paths: 
A – Improvements through incremental steps: it refers to the process of continuous improvement, through the 
accomplishment of small technological steps, frequently by the replacement of vehicle components, where risks of 
failure are low;  
B - Improvements through remanufacturing of the existing models, namely using of new materials (aluminium cars) 



 
 

or regenerating existing models and vehicle concepts (high-speed train). This technological progress can lead to a 
desired trend-break, but where the risks of success on renewing fleets could be modest, attending to the ambitious 
commitments on stake.  
C - Improvements through concepts rethinking, by technological breakthroughs, as it is the case of the Hydrogen 
Society. In this context, the risks of failure can be high and, usually, suggest high costs associated to project-
building, assembly of the producing-chains and commercialization.  
D - Improvements by a combination of the last two paths, which consists in the hybridization of the two concepts, 
i.e. the upgrading of traditional concepts with the introduction, in a n easily-controllable scale, of new technological 
breakthrough (e.g., hybrid cars). 
Each of these paths is subject to major driving forces of the car industry that trigger innovation. The most important 
triggers for innovation are: 
1-Safety  
2-Comfort and quality (functional attractiveness) 
3-Image and design (aesthetical attractiveness) 
4-Energy and Environment intensity (covers the performance of vehicles both I terms of energy consumption and 
environmental impacts) 
5-Costs-technology and operation costs 
 
The present task pretends to draw a diagram that systematizes the relationships between the forces at stake that 
have been driving the car industry strategies, in the past: external factors described in Task 1, car industry driving 
forces and paths for technological improvements. The sub-tasks to be developed are the following: 
- to perform literature review on the major technological breakthroughs in the past, both in car industry but also in 
other dynamic technological sectors, that influenced nowadays way of life. 
- to prepare a synthesis of principal conclusions, which will be systematized through the diagram referred previously.
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Descrição da tarefa   
Task decription 

Designação da tarefa   
Task denomination
T3 - Elements for the optimization of the car fleet composition for atmospheric emissions reduction

Data de início 
Start date

Data de fim 
End date

Duração (em meses) 
Duration (in months)

Pessoas * mês nesta tarefa   
Person * month in this task

01-06-2005 31-08-2005 3 2,5
Resultados esperados   
Expected results
The present task aimed at defining the elements for the optimization of the car fleet for atmospheric emissions 
reduction. Therefore, the expected results will cover the main life cycle stages that directly, or indirectly, induce 
atmospheric emissions. The main expected results are: 
 
- a diagram that depicts the boundaries of the life cycle of a car; 
- a list of the elements that constitute each stage of the car’s life-cycle, both in the “Well to wheel” and “Cradle to 
grave” streams; 
- a causal-loop diagram that represents the interrelationship between all elements and defines the conceptual model 
of the a car fleet dynamic system; 
- a first data-base of information that covers all emissions factors of each element identified previously; or in 
alternative, the selection of a LCA software application. 
 
The outcomes of this task will serve as inputs to Task 4 and Task 6, to set the basis for the CAReFUL model and 
collect information useful to perform the Case-Study on the Portuguese car fleet, respectively.

Descrição da tarefa 
Task description

Besides the analysis presented above, other variables must be taken into consideration to set the basis for a 
conceptual model which anticipates the CAReFUL model. We remind that the ultimate objective of this research 
proposal is to determine the age-distribution of the car fleet that can satisfy the national air emissions target, at 
some pre-defined target year. However, the life-cycle of a car encompasses complementary activities that are also 
intensive in atmospheric emissions. Using the Life-Cycle (LC) concept, through what has become known as “life-
cycle thinking”, is a unique way of addressing environmental problems from a systems or holistic perspective 
(SETAC-North America, 1999). The approach of the present research is inspired in the LC concept, whereby 



 
 

emissions are not solely measured for one phase of vehicles’ LC, but it also includes other stages such as the 
refining, transportation and distribution of fuel (“Well to wheel”) and vehicle production and scrapping (“Cradle to 
grave”). However, it is important to highlight that this work does not intend to perform a Life-Cycle Assessment 
(LCA) of a car, but instead to use existing research to include important variables in the conceptual model of 
CAReFUL. 
Therefore the main steps of the present task are: 
- To define the boundaries of the life cycle of a car 
- To identify the elements that constitute the life-cycle of a car, which are basically the important variables of: the 
refinement, transport and delivery of fuels; raw material extraction and delivery; car production industry; car use; 
and car scrappage. As referred here above, it is not intended to perform LCA, but instead to use results of previous 
research to perform this task (http://www.eiolca.net/; http://www.gdrc.org , http://www.dtsc.ca.gov; and many 
other sources of information).  
- To determine how these elements related between each other. These relationships will be characterized on a basis 
of car-equivalent emission coefficients. Otherwise, except for the car use stage, other LC stages emissions can be 
modelled using existing LCA-software packages that can interoperate with the CAReFUL model, through VBA 
programming. Jönbrink et al performed a LCA software survey that compares all available products (Jönbrink A.K., 
C. Wolf-Wats, M. Erixon, P. Olsson and E. Wallén, “LCA Software Survey”, IVL rapport No. B 1390, IVL Svenska 
Miljöinstitute AB, Stockholm, 2000). This survey will certainly help to decide between one of the available packages, 
or instead perform an extra module in the CAReFUL model to cover this issue. Here, a first data collection and 
structuring will be performed in order to start building up the basis for the next task, which we recall is to model the 
car fleet renewal, and its respective emissions and energy consumtption. 
- Draw the causal-loop diagram of the inter-relationships of the car fleet dynamic system 
- Set the conceptual basis to program the CAReFUL dynamic model.
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Descrição da tarefa   
Task decription 

Designação da tarefa   
Task denomination
T4 - Dynamic Model of a CAR Fleet EvoLUtion (CAReFUL)

Data de início 
Start date

Data de fim 
End date

Duração (em meses) 
Duration (in months)

Pessoas * mês nesta tarefa   
Person * month in this task

01-06-2005 31-05-2006 12 15,5
Resultados esperados   
Expected results
The main expected results of this task are: 
- Synthesis report of the main conclusions obtained from literature review on systems dynamics review. 
- Selection of a model that will be used to model the dynamic system of the car fleet dimension and structure. 
- Build the CARFLEE module. 
- Review of existing methodologies that, on the one hand, upgrade existing emission and consumption factors of 
present technologies, and on the other, bring new information on future technologies, which result from incremental 
and remanufacturing technological improvements. 
- Software applications of the EMEP/CORNAIR methodology which generate the modules CAREM and CAREN of the 
overall CAReFUL model, which incorporate the collect information referred hereabove. 
- Assemblage of the CAReFUL model in MS EXCEL-based application (using VBA programming codes), including the 
inputs (emissions and energy consumption) from the LCA of fuel refinement and delivery, vehicle production and 
vehicle scrappage industries. 
- Data-base of all the information needed to run the CAReFUL model.

Descrição da tarefa 
Task description

Systems dynamics research has produced many outcomes covering issues of the car industry. These are manifold, 
starting from modelling the dynamics of some components of a vehicle (like Chantranuwathana et al did in “Adaptive
robust force control for vehicle active suspensions”, in Int. J. Adaptive Control and Signal Processing, V18, I2, 2004, 
pp83-102), to analysing marketing strategies attending to the potential consumers’ needs and receptiveness to new 
technologies, such as EVs (Gärling, A. et al, “Marketing of electric vehicles”, in Business Strategy and the 
Environment, V10, I1, 2001, pp53-65). 



 
 

The CAReFUL model pretends to simulate a car fleet dynamic system. It will determine equilibrium stages of the 
dimension and structure of the car fleet, according to external factors fluctuations influencing the determinant 
variables of the model. CAReFUL will then determine new equilibrium configurations in face of new inputs, for 
instance variation of economic activity and purchasing affordability of consumers, or new environmental constraints, 
e.g., newer and tighter versions of EURO regulation. 
Hereby, CAReFUL model is a target-oriented model that includes a feed-back loop to solve input variables in order to 
comply with the initial target. Therefore, it also includes a CAR EMission factors calculator (the CAREM module), a 
CAR ENergy consumption calculator (CAREN module) and a model to estimate CAR FLEEt’s dimension and structure 
(CARFLEE), during a specific time-lag. 
Hence, the present task will begin with the review of existing system dynamic research addressing issues related to 
the car industry and technology, or still other technological domains (e.g., telecommunications) from which lessons 
could be learned. The next step will be to select, or adapt (if none perfectly fits with the car fleet evolution system), 
a model that will consist in the CARFLEE module. 
Meanwhile, the complementary modules of CAReFUL (CAREM and CAREN) will be developed by the two elements of 
the research team. The car emission factor calculator will be the EMEP/CORINAIR methodology provided by the 
Environmental European Agency. Inputs will also be considered from the EU research projects of COST 319 action 
(Methodologies for Estimating Air Pollutant Emissions from Transport-MEET). These modules will include the results 
of literature review to be made on emission and fuel consumption factors of new and future technologies. 
The next task is to assemble CAREM, CAREN and CARFLEE in to the CAReFUL model through MS-Excel-based VBA 
programming. 
This task is definitely the cornerstone of this project. Therefore, researchers of the team will carry out short term 
visits to 2 important European research centres (University of Karlsruhe and Université de Lyon Lumières 2). These 
are included in the TRANSPORTNET network of Excellency. 
Finally, the CAReFUL Model will be tested and validated. 

Financiamento de Fundos Estruturais e de Fundos Nacionais do MCES

 Programa Operacional "Ciência, Tecnologia, Inovação"

 Programa Operacional Sociedade da Informação



Concursos de Projectos de I&D 

Proposals for R&D Projects 
 

Tarefa 
Task 
 

 Fechar esta janela 
 Close this window 

 

Referência do projecto 
Project reference 

POCTI/TRA/60824/2004

Membros da equipa de investigação que participam nesta tarefa 
Members of the research team who participate in this task
Nome 
Name
Filipe Manuel Mercier Vilaça e Moura

(BI) Bolseiro de Investigação (Lic. ou Bacharel) 2

Descrição da tarefa   
Task decription 

Designação da tarefa   
Task denomination
T5 - Identification of instrument packages to promote car fleet renewal

Data de início 
Start date

Data de fim 
End date

Duração (em meses) 
Duration (in months)

Pessoas * mês nesta tarefa   
Person * month in this task

01-06-2006 31-08-2006 3 3,5
Resultados esperados   
Expected results
The main expected results of the present task are: 
- Synthesis on the practice of policy instrument application in the transport, obtained through literature review; 
- The definition of instrument packages to promote technological renewal of car fleet attending to atmospheric 
emission reduction targets; 
- Field survey to assess the national receptiveness and acceptance to the set of instrument packages aiming to the 
technological car fleet renewal. In this case, among available instruments, pricing mechanisms are commonly used, 
but there effective implementation is not always successful. Therefore, this task will also provide a synthesis on the 
research results of EU projects that focused on the analysis on how to define prices that cover real costs (both 
internal and external), assess public acceptability and overviews the signals given to market. The following EU 
projects are particularly important, especially the latter since it largely integrates the findings from the 1st and 2nd 
Transport Research Frameworks: AFFORD, PATS, CAPRI. 
- Synthesis report of the instrument packages as input to the Case-Study.

Descrição da tarefa 
Task description

Vehicle emissions result from a complex function involving a considerable amount of variables: amount of driving, 
the type of use (urban, rural and highway), vehicle ownership, technical characteristics of vehicles and fuels, among 
others. The objective of the present task is to analyse how economic and regulatory instruments can promote the 
technological renewal of a car fleet. Hence, this requires the analysis to include the instrument impacts on all 
potentially affected determinants of the model. On the other hand, the effects of the instruments, once they’re 
introduced, are not instantaneous. This reinforces the need for a dynamic model representation. 
Policy options, and instrument packages for implementation, are very heterogeneous in nature, as they range from 
setting technical standards for vehicles and fuels to traffic management approaches or market-based instruments. 
Many countries are now advocating integrated approaches to these problems, in which the full range of transport 


