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Abstract 

Today the high transport demand in urban areas causes high energy consumption 
and great environmental repercussions such as air and noise pollution, increasing 
shortage of space, high congestion and traffic jams [1–6]. Numerous studies have 
already proven that technological improvements alone will not be able to solve 
all of these problems [7–9]. In order to achieve a more sustainable passenger 
transportation system the mobility patterns themselves have to undergo certain 
changes. That goal may be achieved by combining three key elements:  
(1) technological improvements, (2) user behavior in terms of a modal shift to 
collective/public or non-motorized transport and (3) user behavior in terms of 
avoidance of traffic utilizing information and communication technologies 
(ICT), intelligent transport systems (ITS) and decrease of travel distances [7–9]. 
     A research project is undertaken to quantitatively assess the environmental 
and economic implications of the three key elements from a life cycle 
perspective in an urban area. Various means of transportation such as individual 
vehicular transport as well as public transport using passenger vehicles, trams, 
subways etc. with electric propulsion system will be considered. The assessment 
of next generation chemical storage units (batteries, supercapacitors) utilized by 
the various vehicles will be a large focus.  
     The presented methodology aims at quantitatively assessing a defined excerpt 
of future urban mobility in order to analyze the economic and ecological 
performance of the three key elements one by one and in combination. Thus, 
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pathways towards a more sustainable urban passenger transport will be identified 
to support decision makers in traffic and mobility management.   
Keywords: Life Cycle Assessment, sustainable, passenger transport, prospective, 
urban, technology, modal shift, transport avoidance.  

1 Introduction 

The environmental burden caused by the transport sector is on a high level and 
still continues to increase. Despite technological improvements of conventional 
vehicles, the road transport sector remains one of the largest contributors to air 
emissions [1] and energy consumption [2]. Particularly densely populated areas 
largely contribute to the high transport demand and suffer from great 
environmental repercussions such as air and noise pollution, increasing shortage 
of space, high congestion and traffic jams [3–6], which in turn lead to external 
costs that are very hard to evaluate but ultimately have to be carried by  
society [7, 10, 11].   
     Due to all these effects the overall objective is to achieve a state of 
sustainable transportation. The European Conference of Ministers of Transport 
(ECMT) [12] has put forth a definition of sustainable transport systems, as  
one that: 
 allows the basic access and development needs of individuals, companies 

and society to be met safely and in a manner consistent with human and 
ecosystem health, and promotes equity within and between successive 
generations. 

 Is affordable, operates fairly and efficiently, offers a choice of transport 
mode and supports a competitive economy, as well as balanced regional 
development. 
Limits emissions and waste within the planet’s ability to absorb them, 
uses renewable resources at or below their rates of generation, and uses 
non-renewable resources at or below the rates of development of 
renewable substitutes, while minimizing the impact on the use of land and 
the generation of noise. 

     Current studies show, that merely technological improvements will not be 
able to cope with all of the problems stated above. Generally three key elements 
may be identified for the employment of a more sustainable transport [7–9, 13] 
as also depicted in Figure 1 (a) technology, (b) modal shift and (c) reduction of 
transport volume.  
     Due to the high importance of mobility in ecological, economic and social 
terms, particularly in urban areas, political actors are increasingly developing 
incentives and action plans to promote a more sustainable passenger transport 
which should predominantly provide mobility and mitigate climate change as 
well as relieve urban areas of highly congested transport. In order to 
constructively support the decision process of important stake holders such as 
urban and transport developers, which combination of the three categories is 
most viable and how they may be achieved, thorough assessments have to be 
provided evaluating from a life cycle perspective.  
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Figure 1: Components of sustainable transport. 

2 Objectives and framework 

The challenge of providing a more sustainable passenger transport requires first 
of all a number of questions to be answered, beginning with the overarching 
question: How can the three components (1) technology, (2) modal shift,  
(3) avoidance contribute to a more sustainable passenger transport in an  
urban area? 
     In order to answer this rather broad question a more integrated approach is 
necessary. Therefore, it is the aim to assess the environmental and economic 
repercussions of the passenger transport in an urban area, changing one above 
stated component at a time, to assess their individual contribution. Subsequently 
the three components will be combined to identify the best possible combination 
that can reduce the economic and environmental burden of the urban passenger 
transport. Based on the results of this assessment, decision makers in urban 
transport planning and management can find supportive answers for their work. 
     On the components level the technological changes will be great focus, where 
a number of selected technologies will be compared with each other, in order to 
find the best technology combinations for specific applications. This in depth 
assessment may not only provide the urban transport planners and managers with 
information as to which technologies and schemes may be suitable for e.g. public 
transport as well as intelligent transport and information and telecommunication 
technologies. A more detailed explanation is given in section 3.   
     Figure 2 gives an overview of the system boundaries. Due to the fact that 
non- motorized passenger traffic has negligible environmental implications 
merely motorized passenger road transport will be included. The motorized 
transport modes stated above as well as their necessary infrastructure will be 
assessed from a life cycle point of view, i.e. the production as well as the use and 
end of life phase of all transport modes, their infrastructure (e.g. roads, tunnels, 
charging/refueling infrastructure etc.) as well as fuel production will be included 
in the analysis. Based on the holistic character of this assessment different 
technological developments as well as a possible shift in modal split and 
avoidance of transport will be included in the assessment.  
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Figure 2: Model of passenger transport in an urban area. For the assessment 
merely motorized transport will be considered. Traffic across the 
city’s borders (e.g. to other cities) will be considered only statically.  

 

3 Operationalization 

In order to achieve the goal stated in section 2 several working steps need to be 
carried out as depicted in Figure 3.   
     In a first step the current passenger transport situation in the studied urban 
area will be assessed in a “present scenario”. In a second step a baseline scenario 
for the year 2050 will be created based on a “business as usual” development,  
i.e. some technological and behavioral changes with regard to the current state 
will be included, however no major changes will be included in this baseline 
scenario. In a subsequent step a number of alternative future scenarios will be 
developed. These may be divided into three general categories resulting from the 
three key components of sustainable transport as depicted in Figure 1. Following 
this scheme the effects of an extensive (1) technology change, (2) modal shift 
and (3) transport avoidance will be assessed in different scenario groups. For 
each of these transport sustainability components key indicators have to be 
determined and their possible developments assessed in the future projections. 
     Based on this, individual and subsequently combined scenarios may be 
formulated and assessed. In the following chapters the approach and 
methodological background will be explained in more detail.  
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Figure 3: Working steps of the sustainability assessment of urban transport. 
Altered, based on [14]. 

 

4 Areas of sustainable passenger transport in the urban area 

4.1 Technological improvements 

Although fossil fueled vehicles with internal combustion engines are by far 
dominating the transport sector as of today already a great variety of 
technologies exists combining vehicle types, propulsion systems, energy storage 
devices as well as fuel types as depicted in figure 4. Within some of these 
segments again a large variety with very differing characteristics may be found, 
such as different types of batteries for electric vehicle application (Li-ion,  
Li-sulfur, Li-air, etc.) or various types of vehicles ranging from micro cars to 
large SUVs to vehicles using light-weight materials.  
     To reduce the complexity of the model to a manageable level in this work 
merely electric propulsion systems using the next generation battery and 
supercapacitor technologies will be assessed, taking the conventional fossil 
fueled combustion engine as reference. Based on this the most viable 
technologies and combinations thereof will be selected in a rather qualitative 
manner. For example supercapacitors exhibit a large specific power, and very 
fast recharge rates but low specific energy. Thus, its use may be restricted to 
mobile applications that allow for a high frequency of recharge. For conventional 
vehicles that may not have the possibility to recharge very frequently, this 
technology does not seem to be very suitable. However, it may be very well 
applicable for buses, where the supercapacitor may be charged at most of the 
stops while passengers are stepping on or off board, as is already done e.g. in 
Shanghai [15].  
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Figure 4: Overview of combination possibilities of vehicles, propulsion 
systems, energy storage types, fuels and parts of the necessary 
infrastructure. Dashed lines depict hybrid options. Boxes and arrows 
in grey depict the technologies that will be modeled as a baseline, 
boxes and arrows in blue depict the prospective technologies 
included in the assessment. Changes in the electricity generation will 
also be included. *Different types of passenger cars may be included 
in the analysis, e.g. using lightweight materials for construction.  

     Since electricity generation plays a major role in the life cycle of  
electro-mobility, changes in the electricity generation and distribution will also 
be included in the assessment.  
     Due to the great variety of passenger vehicles, as stated earlier a selection of 
vehicles will have to be made in order to keep the system boundaries at a 
manageable level. Therefore, it may be feasible to focus on 2–3 different types of 
vehicles representing average types of registered vehicles. Regarding the efforts 
that are currently being put in the incorporation of lightweight materials in the 
automobile sector, vehicles constructed of these types of materials, such as 
reinforced carbon fibers (RCF) may be included. For a prospective assessment in 
the year 2050 the development of these key factors will be estimated. 

4.2 Modal shift 

The modal split can be viewed as the result of people’s choices which transport 
mode to use in order to fulfill their physical mobility need. There are numerous 
factors influencing these choices that may be inherent to the trip (e.g. the trip’s 
purpose, its distance, etc.), to personal characteristics (e.g. household structure, 
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age, etc.), “structural” characteristics such as the availability of parking spaces at 
the destination, or availability of other transport modes and finally simply 
incidental, e.g. weather conditions. Numerous studies have been undertaken in 
order to identify and model the individual factors, their interdependencies and 
influence on the modal split, e.g. [16–19]. 
     However, for a first methodological approach, the inclusion of the field of 
decision choice modeling for the determination of the modal split and its 
possible shift is viewed outside the scope. Since the project aims at answering 
the question of how a changed modal split affects the economic and ecological 
performance of the passenger transport within the given system boundaries 
solely and in combination with technological improvements and transport 
avoidance, the question of why the modal split changed is not at the core of the 
work and therefore will not be answered here.  
     Instead, an approach is taken, where the segment of decision choice analysis 
is treated as a sort of black box, i.e. the modal shift will be included in a rather 
generic manner, where qualitative predictions of the development of the modal 
split may be translated into a quantitative modal split, e.g. [20, 21].      

4.3 Avoidance 

As mentioned earlier, transport avoidance may be achieved via avoidance of 
physical travel or the reduction of travel distances. The latter includes the use of 
ITS and urban planning of building infrastructure. In order to respect the 
integrated life cycle thinking the ITS applicable in the urban area will be 
included into the system boundaries of the study. Since, however, the inclusion 
of the building infrastructure is not the scope of the thesis merely the possibly 
reduced travel distances will be included leaving out the building infrastructure 
as such.  
     Information and communication technology (ICT) such as tele-working,  
tele-communication and tele-shopping may readily be used for shifting physical 
transport to “virtual” transport. However, from an integrated life cycle point of 
view the application of these IC technologies introduces some difficulties with 
respect to system boundaries, as the portion of ICT used for the shift from 
physical to “virtual” travel should be included in the analysis. Furthermore,  
tele-shopping induces freight transport causing a shift from passenger transport 
to freight transport which also should be accounted for.  Due to the various uses 
and very high abundance of ICT it is fair to assume that the portion of ICT that 
can be allocated to the shift of physical to virtual traffic is rather marginal, and 
may not appreciably affect the overall results of the study. Therefore, the ICT as 
such will remain outside the system boundaries; thus the study will merely 
include a possible decrease of physical travel due to ICT.  
     Shopping activities however, cannot be treated this simply as additional 
freight transport is induced while passenger transport is decreased due to the 
delivery to one’s home. Therefore, the marginal freight transport induced by 
additional shopping activities will be included into the study. This may be done 
using a “basket” approach. Here the magnitude of the shift from “real” to 
“virtual” shopping will have to be estimated, e.g. based on the content of an 
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average online shopping basket. From this the freight transport additionally 
induced by this shift may be estimated. This increased freight transport will then 
be included as marginal freight transport into the system boundaries.  

5 Methodological considerations 

Scenario modeling for the assessment of (predominantly) air pollution of the 
transport sector has already been performed by various authors, such as the 
“Clean Transport Systems Study” by the European Commission [22] and the 
special report on emission scenarios (SRES) by the International Panel on 
Climate Change (IPCC) [23], which is often used as a basis for scenario building 
in further studies. Numerous further studies were conducted in this field, e.g. 
[24–26] however, the vast majority of these type of studies (including all of the 
referenced works above) are on a global level including very general 
development paths, e.g. towards e-mobility or towards hydrogen based mobility. 
As the presented approach includes merely electrochemical storage systems it 
regards only the development pathway of e-mobility. However, given the lead 
questions for this assessment as stated in section 2 the scenarios provided by the 
above mentioned sources are much too broad, as this assessment is operating on 
a local/urban level and includes soft factors which are predominantly reflected in 
(2) modal shift and (3) avoidance.  
     Therefore, own scenarios will be developed based on the input parameters 
described previously following the work flow depicted in Figure. Since the 
number of input parameters will be very large and their prospective development 
causes an unforeseeable number of possibilities only a number of selected 
important changes can be included in the respective (sub)-scenarios. 
Furthermore, the interaction of the three areas of technology improvement, 
modal shift and avoidance has to be identified and included into the model in 
order to develop the integrated scenarios. In order to manage the great number of 
factors and their interactions the iModeler or Cross Impact Balance (CIB) may 
be applied so as to define a manageable number of consistent scenarios.  
     The environmental performance of the studied urban transport system will be 
assessed using Life Cycle Assessment (LCA), while the economic performance 
will be assessed using Life Cycle Costing (LCC). Since noise disturbance and 
space availability are also crucial factors of urban transport these two indicators 
will be specifically included into the assessment and thoroughly evaluated and 
analyzed on the life cycle inventory (LCI) and life cycle impact assessment 
(LCIA) level, using [27] as the basis for the inclusion of noise as an impact 
indicator. 
     The functional unit, to which all environmental burden and economic 
expenditures will be accounted to, is to depict the daily mobility need of the 
chosen urban area; i.e. all km traveled with various means of transport within the 
urban area. In order to provide a more detailed analysis for the individual 
technologies the reference flow may be altered to e.g. 1 km driven with a specific 
transport mode. In that way a direct comparison of the technology and its best 
fitting application in the transport mode may be obtained. 

340  Urban Transport XX

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 138, © 2014 WIT Press



6 Discussion and outlook 

Based on the presented approach it is the aim to develop a more integrated kind 
of assessment in order to understand how the three components (1) technological 
changes (2) modal shift and (3) avoidance contribute to a more sustainable 
passenger transport in an urban area solely and in combination. The findings may 
thus provide urban transport planners and managers as well as technology 
developers with supporting information for their work. However, the presented 
approach has an important limitation, as merely electrochemical storage systems 
are included, while e.g. fuel cell vehicles are neglected.  
     Consequently, the presented approach and following analysis may provide 
possible pathways towards an environmentally and economically more 
sustainable passenger transport in an urban area within the development pathway 
of electro mobility.  
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