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1 Executive Summary
Traditional transport systems in urban areas are mainly fossil fuel based. The environmental
effects arising from transportation vehicles running on fossil fuels affect the quality of life for
people in densely populated areas. Key issues are:
•
•
•
•
•

local environmental pollution
noise
high energy use
congestion
area use

The pollution problems from traffic are high on the political agenda in all major cities
worldwide, with traditional and politically acceptable measures to solve them offering limited
choice for local governments. PRT seems to offer them an advantageous option if handled
properly.
It is important that environmental considerations and ecodesign principles are included in the
PRT design process and given the same status as traditional industrial values such as
functionality, aesthetics, image, quality and safety. Environmental design will not only ensure
minimum impacts on the environment, but also that the environmental requirements of
authorities, customers and financial institutions will be met. Incorporating the life cycle
perspective and Ecodesign principles into the PRT design process, right from the conception
phase, will ensure that decisions made during the design process will provide the most
Ecoefficient solutions throughout the whole life cycle of the PRT system, from raw materials
extraction, through use and maintenance to its eventual final disposal.
The environmental vision for the PRT team is suggested as:
Contribute to a substantial improvement in the environmental effectiveness of urban
transport of people and light goods.
The aspects that will be important for Ecodesign of the PRT system are:
•
•
•
•
•
•
•
•
•
•

Maximum energy efficiency
Minimum wind resistance (aerodynamic design)
Light vehicles
Flexibility (can easily be linked to new PRT loops, or expanded, as well as modular
design, to enable easy maintenance/replacement of parts, including parts of the track
structure)
Classic design for vehicles and support structures
Design for re-use/recycling (easy disassembly)
Maximum lifetime
Minimum maintenance and consumables requirements
Raw materials with minimum environmental impacts (the energy mix used in
production is important here)
Use of PRT in situations where the pick up rate from cars will be high, and where it
will substitute less environmentally friendly public transport
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The PRT project has the potential to be a proactive market leader on environmental issues,
developing an environmentally effective urban transport system for people and light goods,
while also ensuring freedom for ‘personal’ transport, rather than traditional collective modes
of transport.
The environmental aspects that may be challenges for the PRT system
•
•

Energy efficiency
Aesthetics

The potential effects of electromagnetic fields on fauna are not likely to be an important issue,
but this should be confirmed.
When the design is finalised, it is recommended that an LCA is performed in order to
document the environmental profile of the PRT system throughout its life cycle. It is also
recommended that life cycle assessments of relevant comparative systems are included in this
work, in order to ensure that the PRT development team is aware of the PRT system’s
environmental strengths and weaknesses when compared with competitors.
Østfold Research Foundation (STØ) has performed a preliminary screening analysis of the
energy efficiency of the proposed PRT system and other relevant transport systems. The
results are shown in Figure 1.1 below.
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Figure 1.1: Comparison of energy consumption for different transport systems.
Figure 1.1 shows that the energy consumption for the PRT system is lower than for
competitive transport systems.
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Environmental pollution is often linked with fuel use. The fact that the energy consumption of
the PRT system is likely to be low in comparison to other competitive modes of transport
shows that PRT can be very competitive on environmental aspects. The environmental
friendliness of PRT systems can be valuable sales argument towards authorities, customers
and financial institutions.
According to current knowledge, the environmental benefits of PRT when compared to
alternatives are likely to be the following:
•
•
•
•
•

Make precious area in built up areas available for other uses (in line with EU and
Norwegian aims for transport);
Relieve congestion;
Relieve pollution problems from fossil fuel based transport in inner city areas;
Relieve effects on health from particles (from road surface erosion and burning of
fuels);
Low noise levels (although noise levels remain to be measured on the test track)

An Environmental Product Declaration (EPD) should be used to document the life cycle
impacts of the PRT system. The EPD will be very useful in sales and marketing applications
where this documentation of environmental aspects, which can be a strong sales argument for
PRT systems, can be given to interested parties. EPDs are easily put onto websites in PDF
format and can therefore make LCA data for the system readily available.
Making environmental data available for the JV PRT system will also set the standard for
environmental data for competitors. Disclosing environmental data has been demonstrated to
be a market advantage in other industries and is likely to give JV PRT system a competitive
edge when it comes to environmental issues, by introducing a new competition parameter and
benchmarking system on which PRT seems to do particularly well.
A dummy EPD for a PRT system is included in Appendix III as an illustration of the kind of
document an EPD is, as well as its use.
Including the life cycle approach in Environmental Impact Assessments (EIAs), where these
assessments are required by local authorities, will ensure a fair comparison of PRT to
alternatives (e.g. ensuring that infrastructure is considered for all systems) and strengthen the
quality and scientific objectivity of the benchmarking.
Publication of a paper in an international scientific journal is also recommended. The work
performed will be an interesting experience in LCA and Ecodesign, and must be performed to
a high scientific standard. A paper published in an international journal for LCA or Ecodesign
will mean that the scientific quality of the environmental work will be confirmed and the JVpartners will be able to show that they have had a serious commitment to environmental
efficiency. The systematic use of Ecodesign in developing the JV PRT system will document
that scientific environmental aspects are included in decision-making processes, thus
contributing to strengthening a positive, serious, environmentally friendly image for POSCO
and the other partners.
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2 Introduction
Environmental aspects are very important for transport systems in urban areas around the
world. The environmental effects arising from transport affect the quality of life of the
population in urban areas.
Mobility and freedom are also very important key words for transport systems. The individual
freedom provided by the car is why the automobile has become so popular. The automobile is
seen as the ultimate solution for freedom of individual movement. However, the realism of
the dream of total individual freedom and philosophy is being challenged in a reality where
congestion and local environmental pollution problems are becoming extreme in many cities
around the world. Key issues for the development of urban transport systems for urban areas
are identified as [SFT 2000, EU work programme 1.6.2]:
•
•
•
•
•

local environmental pollution
noise
high energy use
congestion
area use

It is very important politically to ensure that environmental aspects are considered and
included in the development of new transport systems for urban areas.
The pollution problems from traffic are high on the political agenda in all major cities
worldwide, with traditional and politically acceptable measures for solving these problems
offering limited choice for local governments. On all levels, from the World Bank and down
to local governments, the awareness of the need for better urban transport with lower costs,
toxic emissions and energy use is high.
PRT is perceived as an environmentally friendly alternative and has the potential to provide a
good deal of freedom to the individual user. The small size of vehicles and transportation on
demand from any station to any other station means that a PRT system is more flexible than a
traditional collective transport system. This flexibility has been made possible through the
development of ICT (Information and Communication Technology), and its mass-produced
and low priced components within mechtronics.
PRT has the potential to be an environmentally efficient system, pressing the competition on
environmental issues and setting the standard for the type of environmental information
required for transport systems. Ecodesign is a potential sales advantage, both when it comes
to authorities and future users of such a system. Many financial institutions are increasingly
interested in environmental aspects also.
It is vital for the PRT project to be proactive on environmental issues and maximise the
potential for eco-effective solutions in the design phase in order to ensure a system that is
competitive on environmental aspects, independent of location, and is a market leader on
environmental issues and documentation of these.
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In order to ensure minimal environmental impacts and maximum eco-efficiency, it is
proposed that the life cycle perspective is used. Considering the whole life cycle during the
development process (from conception and design of the transport system and through
construction, use, maintenance and final disassembly) where the degrees of freedom are
greatest.
Østfold Research Foundation (STØ) has been commissioned to act as expert advisor on the
environmental aspects of the Joint Venture PRT system. This report is the deliverable from
Østfold Research Foundation for Phase 1 of the PRT project.

3 PRT Environmental Philosophy
3.1 Vision
Contribute to a substantial improvement in the environmental effectiveness of
urban transport of people and light goods.

3.2 Goals
The goals for the work performed in Phase one of this project has been:
•
•
•
•
•

Show the advantages and importance of including environmental aspects in the PRT
development process.
Identify important potential competitive advantages for the Joint Venture PRT
concept.
Document the environmental aspects that can be important for a PRT system in
general and for the FlyBy development for the Fornebu area in particular, based on
current knowledge.
Recommend appropriate methodological approaches that can be used to adequately
describe and document the life cycle environmental impacts of the proposed PRT
system.
Raise awareness on environmental issues in the PRT team

4 Why Are Environmental Aspects Important?
Society has become more and more interested in environmental issues. The reasons for the
environmental interest lie in the growing awareness of the fact that our quality of life is
affected by our impacts on the environment and also the quality of life for future generations
is very dependant on how these issues are handled by current generations. A well known
concept in environmental circles is ‘Factor 10’. This expression stems from the realisation
that the world’s population is expected to increase from 6 to 12 billion people by 2040 and the
standard of living in South America, Asia and Eastern Europe is expected to increase by a
factor of 2.5 by this time.
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At the same time it is acknowledged that the total environmental impacts on the earth from
human activities must be reduced by 50% in order to be sustainable. The combination of these
predictions means that – if the same level of human activity shall continue – we must fulfil
our requirements 10 times more effectively than we do today (thus ‘Factor 10’).
As described above, the Factor 10 concept means that in order to achieve sustainable
development we must fulfil the same functions by using our resources 10 times more
efficiently than today’s technology and production processes allow. So there are a many
challenges ahead in order to achieve sustainable development.
Politicians are developing more and more policies and regulations in order to control
progress. This tendency of politicians to impose stricter regimes means that developers and
investors must consider environmental efficiency and environmental performance , otherwise
they will be forced to do so by authorities, customers and finance institutions.
The UNEP Ecodesign manual [UNEP 1997] gives a good example of the environmental costs
for a company with a proactive attitude to environmental issues (‘trendsetter’) compared to
the costs for a company that only follows legal requirements, see Figure 4.1.

Environmental costs

Follower

Trendsetter

Time

t1

t2

Figure 4.1: How environmental costs develop for trendsetters and followers
[UNEP 1997]
Good examples of the environmental focus for authorities are:
EU
The EU has defined Thematic Priority Areas, including Sustainable Development, Global
Change and Ecosystems. One of the focus areas here is transport and Clean Urban Transport.
In the EU work programme 1.6.2] thus states:
The development and introduction of new transport policy concepts in cities, where 80%
of the EU population lives, is a major challenge for policymakers. The White Paper on the
Common Transport Policy has identified congestion; pollution and energy consumption
as key causes for the deteriorating performance of Europe’s transport systems, especially
in the industrialised urban regions.
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Norway
The Norwegian State Pollution Control Authority’s report on the state of the environment in
Norway [SFT 2000] describes the most important environmental aspects for transport systems
as:
•
•
•
•
•

Local environmental pollution
Noise
High energy use (leading to greenhouse effect)
Queues/congestion
Use of large areas, at the expense of area for recreation, biodiversity and agriculture

Oslo (FlyBy location)
In the proposal for Climate Change Strategy for the Greater Oslo Area the goal for mobile
sources of greenhouse gas emissions is defined as:
Emissions of greenhouse gases from mobile sources shall not increase from the 1997 level.
If the trend continues as today, there will be an increase of 23% by 2010.
Why are environmental aspects important for the JV PRT project?
¾ Political focus and requirements (authorities, customers and finance institutions)
¾ The environmental aspects of traditional transport systems create environmental problems.
These are extremely important issues that can be turned into good business opportunities.

5 Life Cycle Thinking, A Holistic View
Traditionally, the approach to environmental aspects has been to focus on individual
processes, using end-of-pipe solutions to treat pollution and waste to acceptable levels. The
end-of-pipe approach was flawed, as one often ended up only moving the problem, rather than
solving it (e.g. from the air to solid, or aqueous emissions). The realisation of these limitations
has lead to an acknowledgement that reduction at the source of the pollution is the way
forward, rather than end-of-pipe solutions. In order to achieve source reduction, the whole
value chain for a given product must be considered. Such holistic thinking is where the life
cycle approach comes in (see 5.2 for more details about life cycle assessment (LCA)).
Life Cycle Assessment (LCA) is a systematic survey and assessment of health, environmental
and resource effects throughout the whole life cycle of a product, or product system, from
’cradle to grave’ (from extraction of raw materials to final disposal).
Life cycle thinking gives a more holistic approach to health, environmental and resource
problems than other environmental analyses. Information and data is analysed in a systematic
way for the whole life cycle of a product according to the function of the product. Life cycle
analysis avoids sub-optimisation of a system by concentrating on optimising individual parts.
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Figure 5.1: Life Cycle Thinking for the PRT system: LCA, Ecodesign and Documentation in
the form of an Environmental Product Declaration.
Figure 5.1 is a general diagram, aimed at introducing the methods and approaches proposed
for further work. LCA, Ecodesign and EPD documentation will be described in more detail in
sections 5.1-5.3 of this report. However, it is useful to see how they fit together, in order to
understand the roles of LCA, Ecodesign and EPD documentation in the PRT project. Figure
5.1 shows how life cycle thinking is incorporated into the project, using LCA and Ecodesign
and how environmental product declarations (EPDs) are linked with Life Cycle Assessment
(LCA).
Including life cycle thinking in the design phase, where the degrees of freedom are greatest,
provides the greatest potential for achieving the most Ecoefficient design. The life cycle
perspective will ensure that Ecodesign principles and strategies are incorporated in the design
process. This report from STØ will enable the design team to learn whether the options they
can choose between will impact in a positive or negative fashion on the environmental profile
of the PRT system. Facilitating the design of a better, more eco-effective system throughout
its life cycle.
Screening LCA analyses early in the design phase of the system will be able to provide input
and guidance in the following types of choices:
•
•
•
•
•
•

1

choice of materials;
choice of energy source and energy carrier1;
operational choices;
function;
efficiency of operation;
lifetime of system and parts (e.g. trade-off between long life and more intensive
production of parts)

e.g. hydropower, coal, wind, gas etc.
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5.1 Life cycle assessment (LCA)
A Life Cycle Assessment (LCA) of a product or product system is defined as a systematic
survey and assessment of environmental and resource affects throughout the whole of the life
cycle of a product/product system.
Life cycle assessment (LCA) is a process that evaluates the environmental burdens associated
with a product system, or activity. LCA is done by identifying and quantitatively, or
qualitatively, describing the energy and material uses and releases into the environment. An
LCA includes the entire life cycle of the product, or activity from 'cradle to grave' (i.e. from
raw material extraction and processing, through to manufacture, distribution, use, re-use,
recycling and final disposal). All transportation involved in the life cycle is also considered.
LCA assesses the environmental impacts of the system in the areas of ecological systems,
human health and resource depletion. It does not address economic2, or social effects
[Lindfors et al., 1995, Consoli, 1993].

Water

Area

Fuel &
energy

Emissions to
water

Natural resources

Emissions
to air

Waste

Soil
pollution

Noise, smell,
dust, etc.

Figure 5.1.1: A life cycle for building blocks
Figure 5.1.1 shows an example of a life cycle for building blocks. The type of data that should
be included for each stage in the life cycle is shown using the production process (for the
blocks) as an example.
2

Life Cycle Costs (LCC) methodology can be used to include costs in the LCA assessment. Socioeconomic analysis can also be combined with LCA to obtain cost estimates for external environmental
effects, so LCA can be used to address economic aspects if desired.
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There are three central questions in a life cycle assessment:
¾ What are the most important environmental problems for a system?
¾ Where in the life cycle do the most important problems occur?
¾ Where is the greatest potential for environmental improvements to the product system?
The basis for estimating the reference flow of products, utility materials, energy etc. to fulfil
the user requirements in a LCA will be the functional unit (FU). For end products and
complex constructions, the FU shall as far as possible reflect how products, based on lifetime
expectations, user efficiency, fulfilment of more than one function etc, fulfil user demands.
The definition of the FU is therefore important as a basis for making relevant and fair
comparisons between products in relation to how effective they fulfil one or a number of user
demands.
The following aspects should be considered in determining the functional unit:
•
•
•

The lifetime dimension
The functional efficiency of the product solutions
Multi-functionality must be covered in definition of the functional unit.

See Appendix I for a more detailed description of Life Cycle Assessment methodology.

5.2 Ecodesign
Ecodesign is defined in UNEP 1997 by the following text:
Ecodesign means that ‘the environment’ helps to define the direction of design decisions. In
other words, the environment becomes a co-pilot in product development. In this process the
environment is given the same status as more traditional industrial values such as profit,
functionality, aesthetics, ergonomics, image and overall quality. In some cases the
environment can even enhance traditional business values.
The central principles of Ecodesign and Ecodesign Strategy are shown in Figure 5.2.1.
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Figure 5.2.1: Ecodesign strategy wheel [UNEP 1997].
These principles are central to achieving the most environmentally friendly design. It is
essential that there is good communication between designers, the safety team and
environmental advisors to ensure these principles are followed when choices are made. There
are many degrees of freedom in the design stage, but all choices made reduce these and have
implications for the environmental profile of the final design.
It is important to remember in the design process that the following aspects normally have a
positive effect of the life cycle environmental performance of a given system:
•
•
•
•
•
•

Increased energy efficiency / flexibility
Increased life of facility / product
Design for potential expansion / flexibility
Design for disassembly
Correct use and maintenance of the facility / product (also prolongs life)
Correct disposal (see also waste management hierarchy)
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Ecodesign principles are important in order to minimise impacts on the environment and LCA
ensures optimisation over a life cycle perspective. LCA can avoid sub-optimisation of a
system by concentrating on optimising individual parts. A good example of this can be reusing old electric light fittings to ensure re-use and recycling principles are adhered to in the
design and construction phase, but failing to see that a less energy efficient fitting, means
more energy and resource use over the lifetime of the light fitting.
Ecodesign and LCA thinking are beneficial, also in economic terms. Minimisation of life
cycle costs means finding the most cost effective solutions also.
What aspects will be important for ecodesign of the PRT system?
¾
¾
¾
¾
¾
¾
¾
¾
¾

Maximum energy efficiency
Minimum wind resistance (aerodynamic design)
Light vehicles
Flexiblility (can easily be linked to new PRT loops, or expanded, as well as modular
design, to enable easy maintenance/replacement of parts, including parts of the track
structure)
Classic design for vehicles and support structures
Design for re-use/recycling (easy disassembly)
Maximum lifetime
Minimum maintenance and consumables requirements
Raw materials with minimum life cycle environmental impacts

In order to ensure the minimisation of environmental impacts from the materials used in the
PRT system one must also be aware of the importance of the energy used in the manufacture
of raw materials. For example if a raw material manufacturer in location A uses coal as the
energy source for production, while another supplier in location B uses hydropower to
produce the same product, from an environmental perspective, supplier B will be preferred
(given that there are no other significant differences in the production process of course).

5.3 Environmental Product Declarations (EPDs)
LCA reports can be large and detailed; they are often unsuitable for general distribution of life
cycle information. Such reports will be of interest to LCA practitioners and be very valuable
for documentation and verification of the technical details of the LCA performed. However,
an Environmental Product Declaration (EPD) can be used to document the life cycle impacts
from a given product, or product system, in summary form (in a standardised fashion). EPD is
very useful in sales and marketing applications where this documentation of environmental
aspects, which can be a strong sales argument for PRT systems, can be given to interested
parties. EPDs are easily put onto websites in PDF form and can therefore make LCA data for
these systems readily available.
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Figure 5.3.1 shows what an EPD for the JV PRT system can look like.

Figure 5.3.1 EPD for JV PRT system.
The outline of the EPD, showing the type of information required, is given in Appendix III.
Environmental Product Declarations (EPDs) are developed to fulfil the increasing market
demand for LCA-based, quantified information about the environmental performance of
products and services. Such information is needed in several markets, e.g. in the raw material
supply-chain, within the framework of an environmental management system, for green
purchasing and procurement and larger constructions.
An EPD is based on science-based, verified and comparable environmental information open
for all products and services to support continuous improvements based on flexible incompany product development processes.
EPD is primarily intended for use by industrial consumers in commerce and industry as well
as public sectors as source of information to meet market requirements for fact-based and
comparable environmental information about products and services.
EPDs are designed to meet high demands of reliable and comprehensive environmental
information regarding products and services.
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The Joint Venture PRT Project at Fornebu and the Joint Venture PRT Concept in general
have the chance to become a market leader in environmental information for transport
systems by:
¾ Producing the first Environmental Product Declaration (EPD) for a PRT transport system;
¾ Dictating the standard for EPDs for transport systems;
¾ Providing the basis for future development of Product Specific Rules (PSR) for public
transport systems;
¾ Setting the standard for environmental information that competitors will have to match.
An EPD will be good documentation for the life cycle environmental aspects of the JV PRT
system, which can be given to interested parties.

5.4 LCA in Environmental Impact Assessment (EIA)
As a result of Directive 85/337/EEC (as amended 1997), Environmental Impact Assessment
(EIA) is now a legislative procedure to be applied to the assessment of the environmental
effects of certain public and private projects that are likely to have significant effects on the
environment. An EIA requires a scoping study to be undertaken in order to focus the
assessment. A scoping study can be carried out in the field or as a desk study depending on
the nature/scale of the project [European Commission 1999].
Which development projects require an Environmental Impact Assessment (EIA) and the
specific requirements for these can vary from country to country. In EU most countries the
local authority is responsible for giving planning permission for a given development project.
Construction cannot go ahead without authorisation from the relevant local authorities. This
process is defined in the planning and construction laws in the given country. In Norway this
is the Planning and Building Law [T-1169, the regulations for EIA are FOR 1999-05-21
nr502].
The requirements for EIA on a European and national level normally cover aspects like
landscape, biodiversity, recreation, cultural heritage, smell, noise, emissions and traffic safety.
These aspects should be covered by an EIA. However, the life cycle approach makes it
possible to systematize this type information for comparisons for different systems.
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Environmental impacts like global warming, acidification and nutrient enrichment potential
can be quantified using LCA (see Appendix I, LCA). These are environmental impacts arising
from emissions and resource use arising from the proposed project. These are of great
importance in an EIA.

Including the Life Cycle perspective in Environmental Impact Assessment (EIA) will
strengthen the EIA for The Joint Venture PRT (JV PRT) Project at Fornebu and EIAs for the
JV PRT Concept in general, wherever these may be built.
The JV PRT team have the chance to fulfil all the legal requirements for EIA, presenting the
information in a systematic form for the entire life cycle of the system. This will give the
following advantages:
¾ Avoid common GO and NGO criticism that the information is presented in a difficult
form
¾ Avoid common criticism that the life cycle aspects of a given development are not
considered (e.g. end of life).
¾ Ensure that the political decision to build/not to build is made on a scientifically sound
basis.
¾ Ensure that proper comparisons of real alternatives are considered in the analyses of
alternatives. Avoiding common criticism that the alternatives examined are not real future
alternatives and ensuring that the comparisons made are made using appropriate and fair
system boundaries and functionality (like is compared with like).
¾ Facilitate the smooth and quick processing of the EIA and planning application.

The requirements for EIA of the JV PRT proposal at Fornebu have been fulfilled. It may be
possible that the local council will require further studies, but such a requirement is not likely
at this time. The life cycle approach can strengthen EIA studies if these are required in other
locations in the future.

6 Work Processes
Figure 6.1 shows the work processes proposed for further work on environmental aspects for
the JV PRT project. The milestones and deliverables are also shown.
Milestones are used, instead of dates, as the time scales required are dependant on milestones
for the project team. The responsible party for each activity is also shown in Figure 6.1, under
the description of the milestone, in brackets. The name ‘PRT team’ is used for all the parties
involved in the detailed Design & Engineering process, which includes STØ.
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Milestones and deliverables

Design finalised
(PRT team)

Goal definition
and Scope for
LCA work

Goal and Scope agreed
(STØ)

Identify comparative
systems for LCA
study

Relevant comparative systems
identified
(STØ)

Inventory data
gathering

Inventory data gathered
(STØ)

Inventory
Assessment

Inventory assessment
performed
(STØ)

LCA report, including comparative
systems for documentation and
internal use

Life cycle environmental impacts
identified and documented for PRT &
comparative systems
(STØ)

Environmental product declaration
(documentation of life cycle
environmental profile for JV PRT)

Draft EPD for certification
(STØ)
Verification Process

Paper about the LCA and
Ecodesign process for the JV
PRT system

Review process

Certified EPD
(Certification partner + STØ)

Draft scientific publication submitted
for review process (international
journal) (STØ)

Paper published in international
journal (STØ)

Publication

Figure 6.1 Work processes proposed, including deliverables
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It is suggested that STØ advises the PRT project team during the detailed design process, as
well as performing the LCA and EPD work. The declaration should be verified by a third
party. It is suggested that Det Norske Veritas (DNV) could be used as certification partner (as
for the Trollheim hydropower EPD).
Publication of a paper in an international scientific journal is also included in Figure 6.1. This
is a result of the PRT JV’s desire to publish information about the PRT system. The work
proposed will be interesting experience in LCA and Ecodesign which shall be performed to a
high scientific standard. A paper written on this subject should be possible to publish in an
international journal for LCA or Ecodesign. A successful publication will mean that the
scientific quality of the environmental work will be confirmed and the partners of the PRT JV
will be able to show that they have had a serious commitment to environmental efficiency.
This will document that scientific environmental aspects are included in decision-making
processes, thus contributing to strengthening a positive, serious, environmentally friendly
image for POSCO and partners’ PRT system.

7 Comparison With Alternatives
Congestion, pollution and energy consumption are identified as key issues in the EU’s White
Paper on Common Transport Policy [EU Work programme 1.6.2]. The Norwegian State
Pollution Control Authority [SFT 2000] highlights the following areas of concern for
transport systems:
•
•
•
•
•

Local environmental pollution
Noise
High energy use - resulting in significant emissions of greenhouse gasses
Traffic congestion
Use of land area – at the expense of area for recreation, biodiversity and agriculture

A comparison between PRT and alternative transport systems must therefore be performed
with these issues in mind.
Most of the track for the PRT system is lifted above the ground level and uses electricity
instead of fossil fuels. Therefore the PRT system will naturally:
•
•
•

Release land area
Reduce traffic congestion
Decrease local environmental pollution

A rough screening comparison between PRT and alternative transport systems has been
performed. The comparison has been limited to cover energy consumption and CO2 emissions
per passenger kilometre. The results of this rough screening are shown below. Contributions
from infrastructure are not included in the analyses at this stage. Infrastructure must be
included in a detailed LCA study later in the project. Inclusion of infrastructure will ensure a
fair comparison and show whether PRT infrastructure is light and insignificant when
compared to traditional road and rail based alternatives.
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The energy efficiency of different types of passenger transport systems is compared in Figure
7.1.
1,40
Fossil fuel
1,20
Renewable fuel

MJ/passenger*km

1,00

0,80

0,60

0,40

0,20

0,00
PRT (JV)

PRT (Ultra)

Car (el)

Car (Petrol)

Bus (Diesel)

Bus, rush
(diesel)

Metro (T-bane)

Tram

Figure 7.1: Comparison of energy consumption for different transport systems.
Figure 7.1 above shows that the energy consumption for the JV PRT system is lower than for
competing transport systems. The energy data used for the alternative systems are based on
literature data, or data given in company’s environmental reports. The references are listed in
footnotes below [Footnotes 3, 4,5 6, 7, 8], which all describe energy use pr passenger*km,
taking into account the number of passengers per vehicle. All of the references provide data in
the form of energy consumption per passenger*km, except for cars and PRT. It is assumed 1,3
passengers per vehicle in private cars and 1,4 passengers per PRT vehicle.
The colours of the columns in Figure 7.1 indicate what type of fuel is most commonly used
for each of the transport alternatives. Different fuels give different impacts on the
environment. Combustion of fossil fuels gives emissions of CO2. Bio-fuels are CO2 neutral,
but often use fossil fuels for extraction and fuel production. Norwegian hydroelectricity gives
no significant CO2 emissions (neither for production nor use).
The energy source intended to be used for the FlyBy PRT application at Fornebu is
Norwegian hydroelectricity. Performing the same comparison for CO2 emissions gives the
results shown in Figure 7.2 and Table 7.1.

3

Foster, A., 2003 (JV PRT)
Lowson, M (Ultra)
5
Think, 2003 (Car El.)
6
Høyer K.G., 2002 (Car petrol)
7
SL-lokaltrafikk, 2003 (Busses)
8
Oslo Sproveier, 2000 (Metro and Tram)
4
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Figure 7.2: Comparison of CO2 emissions from different transport systems
It could be expected that a personal transportation system would have a relatively high energy
consumption per passenger*km. The fact that PRT system will have almost no transport of
empty vehicles, gives the system an advantage when compared with the other systems shown
here.
The figure shows that the CO2 emissions from PRT using Norwegian hydroelectricity are
much lower than for modes of transport that use fossil fuels (such as petrol driven cars).
In the proposal for Climate Change Strategy for the Greater Oslo Area the goal for mobile
sources of greenhouse gas emissions is defined as:
Emissions of greenhouse gases from mobile sources shall not increase from the 1997-level.
In the same strategy document the 1997 level for Akershus County is assumed to be
approximately 1.2 million tonnes CO2 equivalents from mobile sources, and it is assumed that
transport will increase with 23% until 2010. A PRT system using hydroelectricity will be able
to reduce this potential increase. The greater the reduction in traditional fossil fuel based
transport in favour of alternatives like PRT, the greater the contribution to enabling local
councils, and therefore Norway, to fulfil commitments to the Kyoto Protocol.
In addition, a PRT system will relieve traffic congestion. Less traffic congestions will be of
great importance to the local environmental, since it will lead to a reduction of traditional
environmental impacts on human health and acidification. Asphalt pavements are exposed to
abrasion due to traffic. The abrasion leads to formation of particulates. An earlier study in
Norway have shown that asphalt will wear 10-25 g/car*km [Hedalen et.al. 1994]. A reduction
in road-going transports will lead to a reduction in these emissions.
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In addition PRT will lead to reduced acidification and nutrient enrichment impacts since
traffic is normally a great contributor to emissions of nitrous and sulphurous gases.
A PRT system that replaces traditional fossil fuel based modes of transport will:
¾Reduce environmental impacts from transport related emissions such as
○ greenhouse effect
○ smog
○ acidification
○ nutrient enrichment
○ health effects
¾Reduce congestion
¾Liberate precious land area on ground level for other uses

8 Conclusion & Recommendations
Environmental aspects are important for the JV PRT system. The life cycle approach is
recommended in order to ensure:
•
•
•
•
•
•

Focus on innovative, sustainable solutions
Life cycle thinking in an early stage enables savings (environmental impacts and
costs)
That environmental concern is turned into a business opportunity
That the project acquires an proactive image as early users of new, innovative tools
A holistic view of eenvironmental concerns as one of several factors to be considered
in decision-making, which will avoid sub-optimisation.
No expensive surprises as to environmental requirements for the PRT JV’s business.

Life Cycle Assessment (LCA) and Ecodesign principles should be adopted early during the
development stage for the PRT system. It is also essential that there is good communication
between designers, the safety team and environmental advisors to ensure that Ecodesign
principles are followed when choices are made. There are many degrees of freedom in the
design stage, but all choices made reduce these and have implications for the environmental
profile of the final design.
Energy efficiency should be as high as possible, this is critical for the environmental profile
for the JV PRT system internationally. Using green electricity sources, like hydroelectricity,
that have low environmental impacts in Norway ensures that the system is environmentally
friendly in the Fornebu location. However, to be sure of this, if the electricity is to be supplied
by other means, one will require high energy efficiency. Maximising energy efficiency is also
a basic Ecodesign principle.
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According to current knowledge, the environmental benefits of PRT when compared to
alternatives are likely to be the following:
•
•
•
•
•

Make precious area in built up areas available for other uses (in line with EU and
Norwegian aims for transport, as well as most probably Korean);
Relieve congestion;
Relieve pollution problems from fossil fuel based transport in inner city areas;
Relieve effects on health from particles (from road surface erosion and burning of
fuels);
Low noise levels (although low noise levels need to be verified at test track)

The environmental aspects that may be challenges for the PRT system
•
•

Energy efficiency
Aesthetics

The potential effects of electromagnetic fields on fauna are not likely to be an important issue,
but this should be confirmed.
It is recommended that Ecodesign principles are adhered to during Phase 2 of the JV PRT
project. The expertise available through STØ should be used to provide environmental
information for decision support for choices during the detailed design process. This will
ensure information about what are the most Ecoefficient choices will be available to the
decision makers.
It is also recommended that a detailed life cycle assessment (LCA) is performed for the
finalised design of the JV PRT system. LCA assessment should also include a comparison of
the real alternatives to PRT, ensuring that the project team is aware of the environmental
strengths and weaknesses of the PRT system.
Once the LCA is complete, it is recommended that an environmental product declaration
(EPD) is produced in order to provide life cycle information in a standardised summary form.
An EPD declaration should be certified by a third party (e.g. Det Norske Veritas).
Publication of a paper in an international scientific journal is also recommended. The work
performed will be interesting experience in LCA and Ecodesign, which shall be performed to
a high scientific standard. A paper published in an international journal for LCA or Ecodesign
will mean that the scientific quality of the environmental work will be confirmed and Posco
and partners will be able to show that they have had a serious commitment to environmental
efficiency. Such disclosure will document that scientific environmental aspects are included
in decision-making processes, thus contributing to strengthening a positive, serious,
environmentally friendly image for Posco and partners’ PRT system.
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Appendix I: Life Cycle Assessment Methodology
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Life Cycle Assessment Methodology
Life cycle thinking gives a more holistic approach to health, environmental and resource
problems than other environmental analyses. Information and data is systematised for the
whole life cycle of a product according to the function of the product. As described above, life
cycle thinking avoids sub-optimisation of a system by concentrating on optimising individual
parts.
Incorporating life cycle thinking into a project at an early stage enables savings (costs of
ensuring environmental aspects are included) and a competitive edge is ensured. Life cycle
thinking also helps ensure that there will be no expensive environmental surprises for the
project.
There are three central questions in a life cycle assessment:
•
•
•

What are the most important environmental problems for a system?
Where in the life cycle do the most important problems occur?
Where is the greatest potential for environmental improvements to the product
system?

Definition of Life cycle assessment (LCA)
Life cycle assessment (LCA) is a process that evaluates the environmental burdens associated
with a product system, or activity. LCA is done by identifying and quantitatively, or
qualitatively, describing the energy and material uses and releases into the environment. An
LCA includes the entire life cycle of the product, or activity from 'cradle to grave' (i.e. from
raw material extraction and processing, through to manufacture, distribution, use, re-use,
recycling and final disposal). All transportation involved in the life cycle is also considered.
LCA assesses the environmental impacts of the system in the areas of ecological systems,
human health and resource depletion. It does not address economic9, or social effects
[Lindfors et al., 1995, Consoli, 1993].

Phases of an LCA
According to the ISO 14040 standard [ISO 1997] life cycle assessments shall include
definition of goal and scope, inventory analysis, impact assessment and interpretation of
results (Figure I.1).

9

Life Cycle Costs (LCC) methodology can be used to include costs in the LCA assessment. Socioeconomic analysis can also be combined with LCA to obtain cost estimates for external environmental
effects, so LCA can be used to address economic aspects if desired.
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Goal and scope
definition

Inventory
analysis

Direct Applications
Ö product development
and improvement
Ö strategic planning
Ö public policy making
Ö marketing
Ö other

Interpretation

Impact
assessment

Figure I.1: The phases involved in an LCA (adopted from ISO 1997).

Goal and scope
The goal and scope of the study should be unambiguously and clearly described. The scope
shall cover the functional unit, system boundaries, allocation procedures, assumptions and
limitations etc.
Functional unit
The functional unit is defined as a “quantified performance of a product system for use as a
reference unit in a life cycle assessment study”[ISO, 1997].
The functional unit is important as a basis for making relevant and fair comparisons between
products in relation to how effective they fulfil one or a number of user demands. The
functional unit will be the basis for estimating the reference flow of products, utility materials,
energy etc. to fulfil the user requirements.
For end products and complex constructions, the FU shall as far as possible reflect how user
demands are fulfilled by products, based on lifetime expectations, user efficiency, fulfilment
of more than one function etc.
The following aspects should be considered in determining the functional unit:
•
•
•

The lifetime dimension
The functional efficiency of the product solutions
Multi-functionality must be covered in definition of the functional unit.
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For the JV PRT system this means that the function should be clearly defined. A pragmatic
FU is likely to be 1 passenger km, but this should be assessed, bearing in mind the
possibilities for several functions (like delivery of goods and transport of water or cables in
the support structure, as discussed in the development process [Workshop 1]). Another
potentially important factor is whether the function of the system is for transport to the
workplace. This consideration can affect the system boundaries for the JV PRT LCA
assessment and therefore the alternatives assessed in an Environmental Impact Assessment
(EIA).
System boundaries
System boundaries are defined as the separation of the product system from other product
systems and from natural systems. The most important aspects to be covered in definition of
system boundaries are:
•
•
•
•
•
•

geographical influence area of the product
time dimension of products and impacts
separation from other related product systems
which stages of the total life cycle are included in the study
which cut-off rules are used for practical data gathering reasons
separation between technical and natural systems.

General rules for definition of system boundaries are given in ISO 14041, and those rules
should, as a general principle, be used in definition of LCAs used as the basis for an
Environmental Product Declaration10 (EPD, so this is relevant for the JV PRT LCA).

Inventory analysis
Inventory analysis involves data collection and calculations procedures to quantify relevant
inputs and outputs of a product system (ISO, 1997). Thus inventory analysis aims to quantify
all energy and raw material requirements, emissions to air, discharges to water, solid waste
and other releases for each process step of a product system (Figure I.2).
Figure I.2: The inventory analysis process.

Process step X
Energy

Emissions
Process step Y

Raw materials

Waste
Process step Z

10

See Chapter 6.2, EPD
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For the JV PRT system, the goal and scope for the LCA will need to be defined before the
inventory data can be gathered. Some general information about data quality requirements for
an LCA that is the basis for an EPD is given below.
Data quality requirements
•

To be able to compare different product systems through the use of EPDs, it is
necessary that the two data sets are relevant, up-dated and with good quality. Rules for
data quality management in LCA studies are found in ISO 14041, and should be
adhered to as far as possible. In addition, the following rules are given for LCAs to be
used for development EPDs in the Nordic countries:

•

Specific data from suppliers involved in the product system to be declared should be
used as far as possible in the producer part. General data should be used when they are
the most relevant. In general, up to 20% of the impact values accounted for in the EPD
may be based on generic data as substitute for specific data.

•

In all EPDs, the proportion of materials being represented by general data must be
given. Within a period of 3 years, the supplier must justify the reasons for not
fulfilling the requirement of maximum 20% generic data, to get the EPD approved for
a new period.

•

For electricity (and natural gas) data, supplier specific data should be used for
electricity being regulated through contracts, based on economic transaction data. For
electricity sold to or bought from the general electricity pool, average data for a
representative unit of producers should be used.

•

LCA data shall represent average figures from the basis year of the EPD as far as
possible. Marginal data shall in general not be used as a basis for EPDs.

•

If material data are used from a number of suppliers, a weighted average of the
environmental burdens related to each producer should be used as representative data.

•

Data from the user phase and end-of-life waste treatment should be representative for
the market area and the relevant functions which are stated in the EPD for the product.
Such data should as far as possible be verified by independent test programmes as
further specified in the PSR11.

•

It must be possible for the certification body to go back into the LCA study, and find
data about the assumptions done in the LCA which are important for the EPD. Data
should as far as possible be represented in a format according to the draft international
standard ISO 14048 for data quality.

The Product Specific Requirements shall define:
•

11

An acceptable level of generic data and the source of such data for the given product
type if it deviate from the general methodology

Product specific rules, see Chapter 6.2, EPD, for more details.
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If the level of maximum 20% of impacts being related to supplier specific data is allowed to
be exceeded. The factors lowering the data quality must be explained

Impact Assessment
The impact assessment phase of an LCA is aimed at evaluating the significance of potential
environmental impacts using the results of the life cycle inventory analysis and includes the
phases shown in Figure I.3 [ISO, 1997].

Classification

Characterisation

Weighting

Figure I.3: The impact assessment process.

In the classification phase, inventory data are assigned to different impact categories based on
the expected kind of potential impacts on the environment. The characterisation phase
involves modelling of the inventory data within impact categories accounting for the relative
contribution within each impact category. The weighting phase is an optional phase (ISO,
1999) where the results for each impact category are weighted into an overall quantitative
statement of the potential environmental impact for the product system.
For the JV PRT LCA the weighting phase will not be performed, as this is not necessary for
an EPD and the LCA will be valuable to the JV PRT team for use in an EIA and as
documentation of environmental aspects without this phase. Providing the data in the form of
potential environmental impacts (categorised and characterised, e.g. global warming potential
in CO2 equivalents) enables the interested parties to perform their own valuation if they seem
this necessary.
Information about the environmental impact categories to be evaluated for the JV PRT system
is given below [According to Hanssen et al. 2001].
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Environmental impact categories to be used
It is normal to calculate environmental impacts caused by emissions and use of resources in
LCA studies. For an LCA that is to be documented by an EPD, given impact categories are to
be declared. In the Nordic System for EPD, the following 5 impact categories are mandatory
for all declarations:
•
•
•
•
•

Global warming
Stratospheric ozone depletion
Acidification of land and water sources
Photo-oxidant formation
Nutrient enrichment

In addition, important toxic substances and hazardous waste from the product or the
production processes of the product should be defined by PSR (Product Specific Rules) and
given in the EPD.
In addition categories for use of resource should be quantified in EPDs:
•
•
•
•

Energy resources
Material resources
Area resources
Water resources.

Regarding area resources and water resources, both the quantitative and the qualitative
aspects of resource depletion (type of area, type of water source) should be considered as far
as possible. It must considered if an impact in an area should be considered as a continuous
and irreversible or as a single event with limited impacts. At present, the area and water
resource categories can be excluded in an EPD, until better data and models are available.
Energy resource consumption shall be quantified within the following subcategories in the
EPD:
•
•
•
•
•

Fossil energy resources
Renewable energy resources (solar based energy carriers)
Uranium for nuclear energy
Energy from waste incineration.
In all EPDs the heat value that has been used for the different energy carriers being
used in the system, must be given
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Appendix II: Ecodesign criteria for PRT system design: Examples
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Ecodesign criteria for PRT system design: Examples
THIS APPENDIX IS AN ATTEMPT TO APPLY THE ECODESIGN PRINCIPLES TO THE PRT
SYSTEM DESIGN PROCESS AND PROVIDE SOME IDEAS OF HOW THESE PRINCIPLES
(SHOWN IN FIGURE 5.2.1) AND STRATEGIES FOR ECODESIGN CAN BE PUT INTO PRACTICE.

When considering which materials should be used, recycled materials can give a better
environmental profile, as you avoid processing of virgin raw materials (such as iron ore, or
crude oil), but obtain raw materials in a more refined form.
Figure II.2 is taken from UNEP 1997 and shows the potential reductions in environmental
impacts when recycled materials are preferred to virgin materials.
100% recycled glass has an impact which is

≈ 0.8 ×that of completely new glass

100% recycled iron

≈ 0.4 ×that of completely new iron

100% recycled plastic/paper/cardboard

≈ 0.4 ×that of completely new material

100% recycled glass has an impact which is

≈ 0.8 ×that of completely new copper

100% recycled aluminium has an impact which is

≈ 0.8 ×that of completely new aluminium

Figure II.2 Reduction in environmental impact when recycled materials are preferred to
virgin materials [UNEP 1997].

In order to put Ecodesign theory into practice for the PRT project, a more concrete set of
environmental design criteria was wanted. In an attempt to fulfil these wishes some
sustainable design criteria were developed (see Tables II.1 and II.2 below).

Sustainable Design Criteria
A common mistake is to compare material with material on a basis of mass, for example 1kg
steel with 1 kg concrete. Such a comparison would be wrong from an environmental
perspective. The function of the materials and the design of the different types of solutions
(e.g. steel or concrete) must be brought into consideration if comparisons between different
materials are to be made.
The type of comparison described above is impossible to perform in detail at this stage of the
design process. Different amounts of the different materials will be required to fulfil the same
function. A good example in the PRT case is materials required for the load bearing
construction for carrying the load of the vehicles. It is unfair and impossible to compare 1 ton
of steel with 1 ton of concrete in this case. If one wants to compare materials one has to
calculate the amounts based on given designs for the different materials. Experience shows
that heavy construction materials, with a high use of energy and polluting emissions in
production, often require less maintenance during the lifetime of a construction. The whole
life span of the product should therefore to be considered in the construction phase.
Some well known environmental design criteria can, however, be expressed. Table II.1 lists
some important issues to take into consideration when designing a complex construction.
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Type of
resource

Non renewable

Non renewable

Energy use

High

CO2

Medium

Low (since concrete is
x% crushed stone)
High

Raw material production pr weight
i

General

Table II.1 Important considerations for guideway and stations
Steel
Concrete
Density
7.8 tonne/m3
2.4 tonne/m3

Others to be
considered

User phase

Construction

Recycled
material
On site
production

High degree possible
High environmental
benefit
From elements

From elements or
casting on site
Short distances in
Norway

TRANSPOR
T

Mode of transportation
and distances has to be
considered

Life time

As construction

As construction

Surface
treatment
Visual
impression
Noise
Vibration

Painting needed

No significant
maintenance
More massive
impression

Slim constructions

Recycling / Material recycling
recovery

Demolition

As aggregate in new
concrete
Some environmental
benefit

Toxic elements in
surface treatment
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As aggregate in new
concrete and in road
fillings (limited use
today – but under
methods development)
PCB if synthetic rubber
is used as hardener
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Wood
0.5 tonne/m3
(Norwegian pine)
Renewable
Low
Low
Sustainable and local
forestry are important.
Heavy metals and toxic
elements in
impregnation and glues
No
Little environmental
benefit
From elements
Larger elements to be
transported
Sensitive to
environment
Treatment needed
(impregnation/ painting)
“Natural look”

Energy recovery – “CO2
free”

Toxic elements from
painting, glue and
impregnation

Company: Østfold Research Foundation
Responsible: C.A. Nyland

Date 23.04.03

The PRT Project – Phase 1 D&E

Page 36 of 50

Const
ructio
n

Raw material
production pr weight
unit

Ge
ner
al

Table II.1 Important considerations for PRT vehicles

Density
Type of resource
Energy use
CO2
Others to be considered
Recycled material
Energy savings in
production when
recycling
On site production

User phase

Life time
Surface treatment
Visual impression
Noise

Demolition

RECYCLING /
RECOVERY

Aluminium
2.55-2.80 tonne/m3
Non renewable
Very high
Medium
Yes
Very high

Plastic (PE)
0.94-0.96 tonne/m3
Non renewable
High
Medium
Raw material is a fossil
energy source
Yes
Medium

Not possible

Possible

Painting/treatment
needed
Slim constructions

No maintenance

Material recycling

Material recycling
(highest benefit), or
Energy recovery – with
CO2 emissions

Some general points that give additional tips for Ecodesign are the following:
•
•
•
•

The energy sources used in the production of raw materials can have a large effect on
their environmental impacts (e.g. Norwegian hydroelectricity vs coal power)
In general, design for re-use/recycling means avoiding complex composite materials
It should be easy to separate components when the vehicles/system components come
to the end of their useful life (design for recycling).
Where possible:
o Increase operational energy efficiency
o Minimise emissions in the life cycle perspective
o Minimise impacts from material production
o Minimise visual impacts
o Minimise noise (wind, wheels, vibration, motor)
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Waste management hierarchy
General experience from life cycle assessment work and waste management systems has lead
the authors to recommend the following waste management hierarchy where practicable:
1. Re-use
2. Recycling (with replacement of ‘virgin’ raw materials)
3. Energy Recovery with direct replacement of ‘dirty’ energy carriers in industry.
In general, the more energy and resource intensive the material used, the more important it is
to re-use or recycle the material.
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Appendix III: Example of EPD format for the JV PRT system
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ENVIRONMENTAL PRODUCT DECLARATION,
TYPE III

EPD

A
Accccoorrddiinngg ttoo IISSO
O 1144004400--4433 aanndd
1144002255

LOGO

PRT (Personal Rapid Transport)
Approved, date:
Valid until, date:

The declaration has been prepared by:
Østfold Research Foundation
NEPD no:
Approved, date:
Valid until, date:

The declaration has been prepared by:
Østfold Research Foundation

Statement from the certifying body
Figure 1. Entrance to the power station

Information about the producer:
Xxx Joint Venture
Contact person: Jan Magnussen
E-mail: jm@davinci.no
Organisation number:
Certified in accordance with ISO-14001:

Information about the product:
Parts of life cycle: Construction, operation, maintenance and demolition of the PRT system, including tracks, stations
and vehicles.
Year of study: 2003
Functional unit: 1 passenger km based on; transportation of xxxx passenger to and from the Fornebu area by PRT,
incl. construction, maintenance and waste treatment of the tracks and vehicles.
Estimated lifetime for the transport system: xx years.
Impacts assessed: Ozone depletion, global warming potential, acidification, resource use, nutrification, waste
generation, photo-chemical ozone formation. Non-quantified environmental impacts are described verbally.
Market area: Fornebu area
Table 1. Key data for PRT Fornebu area

Parameter
Total length of gateway
Number of vehicles
Maximum above ground level
Operating speed for vehicles
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E
Resource use is calculated based upon a daily passenger rate of xxxx passenger and average distance per trip, 5 km.

M
Maatteerriiaall rreessoouurrcceess
Table 2. Material resources consumed

Recycled, renewable resources

g/pass.km -

Operation and
Maintenance
-

Virgin, renewable resources

g/pass.km -

-

Recycled, non-renewable resources

g/pass.km

Unit

Construction

Demolition

Total

Xxx% av the steel in the tracks is recylede
material and 100% of the polyetylen in the
vehicles.

-

?
?

Steel
Polyetylen

Comments

?
?

-

Recycled, non-renewable resources
Coal feedstock

g/pass.km

Oil feedstock

g/pass.km

Iron ore

g/pass.km

Limestone

g/pass.km

Stone

g/pass.km

Copper / Al

g/pass.km

?
?
?
?
?

?
?
?
?
?

These resources are as raw materials in
polyetylen, later used in vehicles

-

Iron in tracks

-

Raw material in concrete

In LIMs

L
Laanndd aarreeaa

The area used in production of rawmaterials to the tracks has not been available.
The use of land area is not significant, since the total infrastructure is lifted up approximately 5 meters from ground level.

W
Waatteerr rreessoouurrcceess
E
Enneerrggyy rreessoouurrcceess
Table 3 Primary Energy Consumption
Conatruction
Maintenance and
operation
Fossil fuel
Crude Oil
X
X
Gas
X
X
Coal
X
X
Nuclear
X
Renewable fuel
Hydroelectricity
Biofuels
Energy from waste x
incineration
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Table 4. Emissions calculated in terms of environmental impacts
Operation
and
Construction Maintenance Total

Figure describing impacts over life cycle

Waste, [g/pass.*km]
Nutrification, [g O2eq./pass.km]
Ozone formation,
[g POCP-eq./pass.km]
Ozone depletion,
[g ODP /kWh]
Acidification, [g SO2-eq./
pass.km]
Global warming,[g CO2eq./pass.km]

Table 5. Emissions to air and water
Construction

Operation
and
Maintenance Total

Most of the emissions from the PRT system occur during
construction of the facility. Although the emissions are
divided up per passenger km, in practice, these emissions
occur during a short period. In Figure 3 above, we can see
how the emissions actually occur over a period of 60 years.

Emissions to air
CO2 [g/kWh]*
CH4 [g/kWh]*
N2O [g/kWh]
SO2 [g/kWh]
NOx [g/kWh]

Emissions of toxic substances and hazardous wastes are not
registered during the construction and operational phases of
the facility. Possible use of injection chemicals is not
included in the inventory data this declaration is based on.

NH3 [g/kWh]
VOC [g/kWh]
CO [g/kWh]
Emissions to water
Tot-N [g/kWh]
Tot-P [g/kWh]
COD [g/kWh]

A
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ON
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L IIN
NFFO
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RM
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AT
TIIO
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N
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Functional Unit:

System boundaries: The total contribution to
environmental impacts for transportation of 1 passenger
for 1 km at the Fornebu PRT-system. Construction,
maintenance and operation of the tracks, vehicles and
station areas are included.
The lifetime for Fornebu PRT is assumed to be 60 years.

Figure 4. System boundaries for PRT System.

O
OT
TH
HE
ER
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N
Contribute to a substantial improvement in the environmental effectiveness of urban transport of humans and light goods.

R
RE
EFFE
ER
RE
EN
NC
CE
ESS
[1]
[2]

Askham, C. and ·Vold, M.,.:
·Hanssen, O.J.; Stranddorf, H.K.; Vold, M.; Solèr, C.; Hoffman, L.; Tillman, A.M.; ”Nordic co-ordinating system for
environmental product declaration (type III)”, ISBN: 82-7520-425-9, Østfold Research Foundation, Norway, Juli 2001.

[3]

·ISO 14040-14043, 14025.
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Appendix IV: Environmental Impact Assessment
Environmental Impact Assessment
The requirements for EIA on a European and national level are described in more detail
below. It is important to stress that Life Cycle Assessment (LCA) does not normally cover
aspects like landscape, biodiversity, recreation, cultural heritage, smell, noise and traffic
safety. These aspects should be covered by an EIA. However, the life cycle approach makes it
possible to systematize this type information for comparisons for different systems.
Environmental impacts like global warming, acidification and nutrient enrichment potential
can be quantified using LCA (see Chapter 7, LCA). These are environmental impacts arising
from emissions and resource use arising from the proposed project. These are of great
importance in an EIA.
Use of life cycle assessment to compare different systems based on the function of the
systems ensures that like is compared with like. When the PRT system is compared with other
systems in a life cycle perspective the systems boundaries will be the same. This means that
one cannot compare PRT with busses, or cars, without including the infrastructure required
for all of these systems.
Basing a comparison of transport systems on functions will require some thought as to the
definition of functional unit. The real alternatives must also be documented in an EIA. Often
developers are criticised for not examining more than one alternative in an EIA. Often the
trend in Norway has been to define a main alternative (or 0 alternative) as ‘what would be the
status if our project is not built’. This kind of thinking is often criticised as too narrow. Using
the life cycle perspective and comparing the PRT proposal with alternatives that are realistic
for the given function of the transport system will enable the JV PRT team to avoid these
types of criticism and aid the smooth and fast processing of the planning proposal.

EIA in Europe
The definition of an Environmental Impact Assessment is given below:
A technique used for identifying the environmental effects of development projects. As a result
of Directive 85/337/EEC (as amended 1997), this is now a legislative procedure to be applied
to the assessment of the environmental effects of certain public and private projects which are
likely to have significant effects on the environment. An EIA requires a scoping study to be
undertaken in order to focus the assessment. a scoping study can be carried out in the field or
as a desk study depending on the nature/scale of the project.[European Commission 1999]
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Which development projects require an Environmental Impact Assessment (EIA) and the
specific requirements for these can vary from country to country. In EU most countries the
local authority is responsible for giving planning permission for a given development project.
Construction cannot go ahead without authorisation from the relevant local authorities. This
process is defined in the planning and construction laws in the given country. In Norway this
is the Planning and Building Law (T-1169, the regulations for EIA are FOR 1999-05-21
nr502).
The aim of an EIA is to clearly describe effects of the project12 that can have significant
consequences for the environment, natural resources or society. An EIA shall ensure that
these effects are taken into consideration during planning of the project and when a decision
is made as to whether, and on what conditions, the development can be carried out.
For EIA, PRT systems fall under section 10 g of Annex II of EU Directive 85/337/EEC,
‘Tramways, elevated and underground railways, suspended lines or similar lines of a
particular type, used exclusively or mainly for passenger transport’. This means that it is
subject to Article 4(2) of the directive, which means that the EIA must be performed
according to Articles 5-10 of the directive.
From the directive: an EIA should ‘identify, describe and assess in an appropriate manner, in
the light of each individual case and in accordance with the Articles 4 to 11, the direct and
indirect effects of a project on the following factors:
•
•
•
•

human beings, fauna and flora,
soil, water, air, climate and the landscape,
the inter-action between the factors mentioned in the first and second indents,
material assets and the cultural heritage.’

In addition the following information must be described (Annex III, EU Directive
85/337/EEC):
1. Description of the project, including in particular:
• a description of the physical characteristics of the whole project and the land-use
requirements during the construction and operational phases,
• a description of the main characteristics of the production processes, for instance,
nature and quantity of the materials used,
• an estimate, by type and quantity, of expected residues and emissions (water, air and
soil pollution, noise, vibration, light, heat, radiation, etc.) resulting from the operation
of the proposed project.
2. Where appropriate, an outline of the main alternatives studied by the developer and an
indication of the main reasons for his choice, taking into account the environmental
effects.
3. A description of the aspects of the environment likely to be significantly affected by the
proposed project, including, in particular, population, fauna, flora, soil, water, air, climatic
factors, material assets, including the architectural and archaeological heritage, landscape
and the inter-relationship between the above factors.

12

‘project’ as defined in Directive 85/337/EEC
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4. A description13 of the likely significant effects of the proposed project on the environment
resulting from:
• the existence of the project,
• the use of natural resources,
• the emission of pollutants, the creation of nuisances and the elimination of waste; and
the description by the developer of the forecasting methods used to assess the effects
on the environment.
5. A description of the measures envisaged to prevent, reduce and where possible offset any
significant adverse effects on the environment.
6. A non-technical summary of the information provided under the above headings.
7. An indication of any difficulties (technical deficiencies or lack of know-how) encountered
by the developer in compiling the required information.
The developer is required to compile the information described above. The information
provided by the EIA is to be made available to the relevant authorities who are given an
opportunity to express their opinion on the request for development consent. The relevant
authorities are designated by the Member State. The particular details of consultation
arrangements are specified by Member States.
The information in the EIA shall be made available to the public and they shall be given the
opportunity to express an opinion before the project is initiated. Which sections of the public
shall be informed, and the details of how the consultation process shall proceed are also
determined by the Member State. The public shall also be informed of the decision by the
competent authorities (including any conditions) and the reasons for this decision. The details
of how this will occur are determined by the Member State.
If the project is of such a scale, or nature that other countries/Member states can be
significantly affected, the Member State where the project is proposed must inform the
Member State that would be affected in order to enable the correct consultation processes in
that Member State. This is not relevant for PRT.

EIA in Norway
The Norwegian authorities require developers to follow the procedure described in the
directive. The Norwegian regulations have been revised according to the EU Directive
(85/337/EEC) and these revisions came into effect in 1997. As described above, many of the
details of the implementation of the directive are country specific. Therefore the process
required for the PRT project in Norway will be described in more detail, according to the
Norwegian Regulation on Environmental Impact Assessment (FOR 1999-05-21 nr 502).
The EIA process is shown in Figure 6.1

13

This description should cover the direct effects and any indirect, secondary, cumulative, short,
medium and long-term, permanent and temporary, positive and negative effects of the project.
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Is the project
in Appendix II?
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Does the project
fall under §4?

No

No
Yes

Yes

Yes
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NO NOTICE AND
ENVIRONMENTAL
IMPACT
ASSESSMENT (EIA)
ORDINARY
PROCESSSING

NOTICE WITH SUGGESTED
REPORTING PROGRAMME
START PLAN/PROPOSAL IS
MADE PUBLIC

START PLAN/PROPOSAL IS
MADE PUBLIC

ENVIRONMENTAL IMPACT
ASSESSMENT

PLAN PROPOSAL
DRAFT APPLICATION

PLAN PROPOSAL
DRAFT APPLICATION

HEARING/PUBLIC
SCRUTINY/MEETING

HEARING/PUBLIC SCRUTINY

HEARING/PUBLIC SCRUTINY

PROPOSAL FOR PLAN/
APPLICATION
DECISION

PROPOSAL FOR PLAN/
APPLICATION
DECISION

HEARING/PUBLIC SCRUTINY
REPORTING PROGRAMME

FINAL REPORT

PLAN/APPLICATION DECISION

Figure 6.1: The EIA process according to the planning and construction law in Norway,
according to T-1173.

The proposed PRT system at Fornebu falls under Appendix II of the regulations (II.2.3.14)
and §4 of the regulations, as the Fornebu area is covered by National Guidelines15. Such
regulation means the PRT development must pass through the specific planning permission
phases of the EIA process as shown in Figure IV.2.

14

Original Norwegian text from the regulations: Forstads- og T-baner a) Sporvognslinjer, høybaner og
svevebaner eller liknende baner som hovedsakelig blir brukt til passasjertransport med en
investeringskostnad på mer enn 50 millioner kr og som medfører utsarbeidelse av plan etter PBL.’
15
Rikspolitiske retningslinjer.
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Responsible
Authority

NOTICE WITH SUGGESTED
REPORTING PROGRAMME
HEARING/PUBLIC SCRUTINY

START PLAN/PROPOSAL IS
MADE PUBLIC

REPORTING PROGRAMME
ENVIRONMENTAL IMPACT
ASSESSMENT

PLAN PROPOSAL
DRAFT APPLICATION

HEARING/PUBLIC
SCRUTINY/MEETING

HEARING/PUBLIC SCRUTINY

FINAL REPORT

PROPOSAL FOR PLAN/
APPLICATION
DECISION

PLAN/APPLICATION DECISION

Figure IV.2: The EIA process for the JV PRT system

The first phase of this process entails that the developer writes a letter to the local planning
authority (Bærum Council) outlining the proposed project, its size and estimated emissions of
pollutants and noise. The proposed localisation is shown on a map. On the basis of available
knowledge, the developer assesses whether the project can fall into one or more of the
environmental criteria in §4 of the regulations. These environmental criteria cover:
1.
2.
3.
4.
5.

Areas and objects that are protected.
Areas and objects covered by national protection plans.
Important recreation areas and greenbelts in built up areas.
Areas covered by National Guidelines.
Significant pollution.

The Fornebu area is covered by National Guidelines and thus the PRT development proposal
falls under at least one of the above environmental criteria.
According to the regulations (T-1173), the planning authority in Bærum Council will perform
a temporary assessment as to whether the project falls under the environmental criteria and
ask the regional environmental authorities16 for comments. The time limit for comments is a
minimum of two weeks.
The local planning authority will decide whether the proposed project falls in under one or
more of the criteria and shall therefore require and EIA. This decision must have been made
before an application or notice is sent to the authorities for processing. It is normal that this is
done before the start of the planning work is made public (see Figure 6.2).

16

Regional environmental authorities mean the County Council for cultural heritage issues, the local
county environmental authority for environmental issues and the Lappish cultural heritage advisory
board when Lappish cultural heritage interests are affected.
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After the formal decision that an EIA is necessary,
the developer must write a report called a notice.
This document gives a short description of the
proposed project and the relevant alternatives (0alternatives). The notice shall also give an account
of the likely impacts on the environment, natural
resources and society, based on available
knowledge. The notice should include a suggested
reporting programme. In this suggested reporting
programme the different alternatives and aspects
that the developer believes should be assessed and
included in the EIA. The developer’s plans for how
the EIA work will be completed should also be
included in this document. The notice is sent to the
responsible authority (the planning authority in
Bærum Council).
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In summary, the ‘Notice’ should contain
the following:
A short presentation of the project;
A description of the expected
environmental and natural resource and
sociological aspects of the project based
on current knowledge;
A proposal for Reporting Programme
that describes which aspects the
developer believes should be assessed
and how these assessments shall be
performed ⇒ ”Report outline” for EIA

The responsible authority sends the notice from the developer to the affected authorities and
interested organisations (e.g. NGOs) and makes the document available for public scrutiny for
at least six weeks. Such action should happen at the same time as the start of the planning
work is made public. Affected parties are invited to express their opinion on which
alternatives and aspects that should be assessed in the EIA.
After the first hearing (for authorities and other interested parties) the responsible authority
finalises the reporting programme. This programme must be presented to the Department of
the Environment before being finalised.
The finalised reporting programmes will specify which alternatives and which environmental,
social and cultural aspects shall be included in the EIA. It sets the boundaries for the EIA and
the level of detail required. Plans for the further collaboration between the developer and
affected authorities should also be described in the programme. The finalised programme is
sent, by the responsible authority, to the developer, with copies to those who have expressed
opinions about the notice. It is the responsibility of the responsible planning authority to
finalise the reporting programme within 10 weeks after the deadline for the hearing of the
notice.
The developer then performs the EIA in accordance with the proposed programme. This EIA
should include a description of the alternatives and answer the questions that have arisen in
the finalised reporting programme.
The level of detail and scope of EIAs depends on the contents of the finalised reporting
programme. The EIA will be an important part of the documentation on which the final
decision on permission to build the PRT system will be based. According to the guidelines [T1173] it is important that the reports concentrates on the aspects relevant to the decision and
are significant for the environment, natural resources or society. It should be precise and
short, easy to read and well illustrated, including maps, to enable public debate.
The developer is also required to produce a brochure for distribution.
The EIA, once complete, is sent to the responsible authority.
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As for the notice, the EIA report is sent by the responsible authority to affected authorities
and interested parties. The EIA is made available (by the responsible authority) for public
scrutiny for at least eight weeks. In addition, the responsible authority arranges a public
meeting during this hearing period.
The planning permission proposal and application can be put forward for hearing, at the
earliest, at the same time as the EIA. In many cases it is beneficial that the EIA and planning
proposal application are made available for public scrutiny at the same time. This is because
the affected parties will need to express opinions on both.
After the public hearing and meeting described above, the responsible authority processes the
opinions and decides whether the requirements outlined in the reporting programme have
been complied with. A final document is then sent to the developer. This final document
summarises the consequences of different alternatives and which remedial actions should be
assessed. The responsible authority can also set a programme for further analyses or
monitoring that will ensure environmental considerations are followed up.
All parties that have expressed opinions on the EIA receive copies of the final document from
the responsible authority.
The decision on whether the reporting requirements are fulfilled will normally be made within
six weeks after the deadline for expressing opinions on the EIA.
The authorities can authorise the plan for the project according to the Planning and Building
Law when the reporting requirements are fulfilled. For the Joint Venture PRT project it is not
deemed likely that any other permits are required (e.g. emissions permit from the Norwegian
national pollution control authority will not be necessary).
As mentioned in the LCA chapter of the report, the LCA perspective has three central points:
•
•
•

one examines the whole technical system required to produce, use and dispose of the
product (system analysis) or installation, not just a product or an installation as such
one examines the whole material cycle along the value chain, not just a single
operation, or manufacturing process for a product
one examines all of the relevant environmental and health affects for the whole
system, not just for an individual environmental factor.

Using the life cycle perspective in the EIA can give several advantages. It will ensure that
many of the potential environmental impacts can be documented for the whole life cycle
(from ’cradle to grave’). Using the life cycle perspective will show the authorities and
interested parties that the developer is considering the whole life cycle of the project. Life
cycle information will enable the project to fulfil the requirements of the new law in Norway
requiring all public and private companies to make environmental information available to the
public. Using the life cycle approach to describing and defining the system and its impacts on
the environment has been described by NGOs as a very good way to present EIA information
[Fredrikstad 010303]. Making use of these benefits will facilitate the smooth and quick
processing of the EIA and planning application.
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Appendix V: Human Health Impacts from Particle Emissions
Human Health Impacts from Particle Emissions
Measurements made in Trondheim, Norway indicate that about 10% of total mass of the
particulates formed by traffic have a diameter less than 10µm and about 3% of the total mass
of the particulate emissions are less than 2,5µm in diameter [PM2,5 Hedalen et.al. 1994]. The
table below shows what direct impacts such small particles have on humans [Aunan 1992]. In
addition to these there are impacts due to the synergetic effect mentioned earlier.
Time of
Concentration Fraction/size
exposure
µg/m3
5 hours
>2000
<5µg
total PM2,5
2 months
>260
1 year
>270
<5µg
200
total PM2,5
>1 year
180
PM10
>1 year
96
total PM2,5
1 year
80
PM2,5
>1 year
45
PM10
>1 year
48
total PM2,5
>1 year
Table A2.2: Impact on human beings.
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Symptom
Reduced function in lungs
Increasing frequency of asthma
Reduced function in lungs
Worsening bronchitis
Chronic lung decease
Reduced function in lungs
Chronic lung decease
Increasing sickness on children
Worsening bronchitis

Company: Østfold Research Foundation
Responsible: C.A. Nyland

