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Sustainable Urban Metabolism For Europe

he SUME project recommends that at the EU, national and
municipal levels, the four SUME principles should be incorporated into urban policies, strategies, and plans, according to
an integrative policy package which has with five key components. This implies that, individual policy components should
not be viewed in isolation and a package of measures should
be developed to achieve successful policy implementation with
activities across all five components. The key message is that
a policy package should cut across all sectors of policy making, be co-ordinated across municipalities, and address both
the producers and consumers of the built environment. This requires a governance system within cities and agglomerations,
providing for such an integrated policy approach.
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Policy components
Governance, planning and building regulations: The achievement of the four SUME principles (see first page) is not just a
matter of better planning. The contribution of non-governmental
actors (both private and public) is increasingly important; resources are crucial; so too is commitment and leadership. However, planning plays an important part in an integrated policy
package. The City of Vienna’s urban development plan directs
development towards public transport networks encouraging
people to use these networks. Densification in low-density,
well-accessible areas will need to be stressed as new strategy.
Cross-sectorial governance as well as governance and strategic
decision making at the agglomeration level (city and surrounding connected urbanized areas) shall be improved substantially.
Fiscal and non-fiscal incentivisation: SUME principles should
apply across the administrative boundaries and target development patterns in the long term. They require incentivisation of
resource efficient development patterns and sustainable behaviours. The approach taken should be targeted and follow simple administrative procedures to encourage take up. In the agglomeration, subsidies for housing development are distributed
independent of location, but should differentiate, showing clear
spatial preferences; commuter aid, promoting long distance car

use, should be altered related to the mode of transport used.
Financial interventions (infrastructure, urban development measures) need to be considered in the light of the SUME principles and adjusted if necessary. To maintain high levels of aid to
promote thermal improvement of buildings is also crucial in the
agenda for resource efficient development.
Direct Provision: Direct provision of housing is a major component of urban development in Vienna – up to 80% of all new
development is directly or indirectly influenced by the city, making guidance towards more sustainable patterns of urban form
possible. In comparison, the direct role in urban development
by the city of Vienna in delivering SUME principles has been
noticeable. The Housing Fund and City Infrastructure Commission have retained new urban development within the existing
built up area and the Housing Subsidy Scheme also encourages particular types of housing. In the agglomeration, however,
other municipalities lack a comparable set of instruments.
Education and awareness raising: It is crucial that both the
producers and consumers of the built environment are aware
of the urgency of sustainability issues through promotion of
standards, codes of practice, and deeper understanding of the
social, cultural and psychological aspects of sustainable development. For example, Vienna’s new unit for environmental efficiency and renewable energy is likely to raise the awareness
of thermal quality and the Chamber of Commerce is engaged in
awareness initiatives for mixed-use, accessible development.
Promoting behavioural change: In order to deliver the changes
required it is crucial to address the social context of unsustainable behaviour and try to build community support for more sustainable ways of living. Cultural changes are required that encourage people to aspire to sustainable forms of development
pattern, creating a desirable image for higher density living and
encouraging the use of public transport as a preferred mode
of travel. The use of Pilot projects in Vienna promotes environmental engagement, e.g. contributing to passive housing development becoming an accepted new standard (e.g. Aspanggründe).
ÖIR (coordinator) Austrian Institute for Regional Studies and
Spatial Planning PIK Potsdam Institute for Climate Impact
Research CITTA Faculty of Engineering of the University of
Oporto, Research Centre for Territory, Transports and Environment UNEW University of Newcastle upon Tyne, School of
Architecture Planning and Landscape, Global Urban Research
Unit Nordregio Nordic Centre for Spatial Development TU
Delft Delft University of Technology, OTB Research Institute
for Housing, Urban and Mobility Studies IFF Institute of Social
Ecology Vienna, Faculty of Interdisciplinary Studies, University
of Klagenfurt FORTH Foundation for Research and Technology – Hellas Institute of Applied and Computational Mathematics
CASIA Chinese Academy of Sciences, Institute of Automation, National Laboratory of Pattern Recognition SGH Warsaw
School of Economics, Department of Local Government and
Development
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Output of the SUME project

T

he SUME – Sustainable Urban Metabolism for Europe –
project, supported by the European Union 7th Framework
Programme, investigated how urban resource use is being
influenced by urban form and explores how future urban development policies can increase the resource effi-ciency of
agglomerations: urban metabolism.

ff an investigation of actors, planning policies and institutions

A general trend in urban development – even in stagnant
areas - shows a tendency to continuous spread further into
suburban fringes, using more space per capita and reducing
average densities. This leads to a high consumption of land,
a spatial structure which cannot be economically served with
transport infrastructure, hampering the future potential to
create attractive public transport systems and pushing further
increase of car transport.

SUME Principles for Metabolically Efficient Cities

These urban development trends run against all efforts to improve resource efficiency, reduce green house gas emissions
and improve overall urban resource efficiency. With resource
efficiency in mind: Is there a chance to counter these ongoing
development processes? And: what will our cities look like in
the year 2050?
The SUME project analysed the potential to transform existing
cities/agglomerations, regarding buildings, spatial structures
and transport systems, in order to significantly reduce resource and energy consumption until 2050. It took into account,
how different urban development processes happen in Europe, with growth in new areas, with decay and abandonment
and also restructuring and rehabilitation in other areas. Based
on an urban form and development survey of 48 European
cities, a number of them were selected for scenarios and case
studies. The project outcomes include:

ff Spatial development scenarios for selected urban agglomerations until 2050 (Vienna, Munich, Newcastle, Marseille, Stockholm, Oporto and Athens), showing alternative spatial options
for managing future urban growth
ff the development of a spatially-explicit urban resource flow
(metabolism) model, applied in 4 case study cities (Vienna,
Newcastle, Stockholm and Oporto)
ff a Metabolic Impact Analysis method (MIA) to assess impact of
large-scale urban deve-lopment projects on resource use and
on the overall resource performance of a city

relevant to influence the spatial dimension of urban development, designing appropriate policies and policy tools
Based on this research, the SUME team defined four core
principles for future development of resource efficient cities
and agglomerations:

Principle 1: Spatially focused densification
Planning and development measures to achieve a minimum
density for any new quarter and in redevelopment of existing
low-density quarters, in areas with (potentially) attractive,
high-level public transport
Principle 2: High-density development only with high
quality PT-access
Focusing new high-density developments exclusively in areas
close to high-level public transport networks (esp. with job and
service functions)
Principle 3: Functional mix in urban quarters
Providing a mix of functions (i.e. residential, jobs and services)
in close proximity to each other at the local level, allowing for
short-distance access for some daily functions
Principle 4: Combine urban and building (object)
reconstruction
Combine improving the thermal quality of buildings and improving the spatial qualities and attractiveness of (inner-city)
urban quarters, in order to reduce outward migration
The project’s main finding was that accommodating additional
population does not have to result in huge urban sprawl: future land consumption in and around European cities could be
reduced substantially – up to 80 percent. This urban development strategy would have major impacts on energy consumption for heating and transport, contributing to reduce green
house gas emissions: Up to minus 80% until 2050.
State-of-the-art urban governance, planning and implementation methods, based on an urban metabolism approach, will
be essential to achieve the cited resource-efficiency improvements.

Find more info at www.sume.at
The research leading to these results has received funding from the European Community‘s Seventh Framework Programme FP7/2007-2013 under grant agreement n° 212034.

Urban development
scenarios and metabolic
modelling for Vienna

T

he SUME-Team generated different scenarios for future
urban development of the selected case cities considering
planned changes in public transport, large-scale urban development projects or strategy documents. The so-called BASE
(or ‘trend’)-scenarios for the future allocation of population and
jobs are continuing today’s distribution of residential and office
space, quantitative framework, land use (density) typology, new
projects, transport lines and limitations to urbanisation. In contrast, the SUME-scenarios are building on the same quantitative
framework, given projects and urbanisation limits, but apply the
four SUME-Principles In order to reduce the consumption of
new land for (urbanization) and energy for transport and heating.

Metabolic modelling: Future energy consumption

T

he metabolic model estimates energy used for residential
heating and for passenger transport. The results show that
total annual final energy demand for space heating per capita
by 2050 can be reduced by 63% and by 79% in the BASE and
SUME scenarios respectively. In contrast to the BASE scenario,
a SUME development leads to a faster transformation of the
building stock: Due to higher rates of renovation and building
exchange the overall of thermal quality of the building stock is
improved faster. In addition, a higher quality of renovation is
assumed, leading to a steeper curve of reduction of energy
consumption in the SUME scenario. The intensified re-construction strategy assumed as higher building replacement rates
in the SUME scenario could also be coupled with densification
in areas with lower densities and good public transport access
(SUME principle 1).

Urbanization: Future expansion of the Vienna agglomeration

A

s Vienna´s population is a fast growing, coupled with an
increasing floor space demand per capita, it shows a massive expansion of its urban fabric in the BASE scenario. The
consequence of this development is a high fragmentation of the
agglomeration in the future – urban sprawl, with all its negative effects will increase. The agglomeration of Vienna would
change to a still dense city in the core but with a fragmented
shape in its outskirts, showing a large number of new scattered
developments with mono-functional areas. In total, with a population growth of 35% for the Vienna agglomeration, the BASE
scenario shows an expansion of the urban fabric by 55% (171
km2).
The SUME scenario allows for counteracting such a development through a densification strategy in areas with access to
high-level public transport and a clear commitment of relevant
actors of the city to develop sustainable densities. Instead of
454’000 residents located outside the agglomeration in the starting year as in the BASE-scenario, in the SUME-scenario only
about 104’000 would have to be located in areas expanding the
given urbanization.
The area of new urbanization until 2050 could be reduced to
only 45 km2 (+14%). In addition, which is most relevant for transport, a high share of this expanded urban development can be
located in a transport-oriented way, avoiding further fragmentation. So, with applying the SUME strategy, Vienna can remain
or even improve the quality of a dense, compact and well accessible city.









Metabolic Impact
Assessment: Vienna case

T

he method Metabolic Impact Assessment (MIA) was created and in the SUME project and applied in Vienna in the
case of the Aspern-Seestadt project. This project is a large urban development project on a former airfield in the North-East
of the city, envisioned to create an urban quarter for 20.000
residents and provide location for 20.000 jobs. It is located on
the main railway axis connecting Vienna and Bratislava and
intended to become a modern economic hub, strengthening
the links between the two capitals.
The evaluation of the metabolic impact of the project encompassed the components of energy (buildings and transports)
and land use. Considering the energy performance of buildings, energy consumption per capita and energy consumed
per built-up area are expected to be significantly lower than
the average indicators for the city of Vienna. Overall, passive
house standard is the aim for residential buildings. Another
positive factor is energy produced from renewable sources,
which can be introduced in such a modern new urban quarter,
but not in large parts of the existing urban fabric.
Relating to transport, the project includes a comprehensive
set of measures to reduce the use of motorized vehicles, such
as high-quality public transport (metro line extension, rapid
trains, park and ride) and a good mix of residential uses, services and workplaces within the new quarter. The assessment
of the land use component shows a very significant extent of
green areas (areas kept unsealed or with no construction),
which is considered a positive contribution to a balanced urban metabolism. Densities and land use mix were evaluated
positively with regards to public transport access.

The transport model component for the BASE scenario shows
an absolute increase of total energy consumption in the first
half of the period, mainly caused by the high population growth.
Technical innovation (efficiency of cars, e-mobility, etc.), however, is assumed to contribute to major gains in energy efficiency
offsetting the population growth and finally leading to reduced
energy consumption by 2050. The SUME planning strategy, in
contrast, is able to govern spatial population development mainly into the existing urbanized area, counteracting higher travel
distances and thus allows for a continuous reduction of energy
consumption for transport already from the start of the period.
Most relative terms (energy consumption per capita) innovation
gains equal the increase of distances driven in first half of the
BASE scenario period, whereas the improvement of the spatial configuration of the agglomeration in the SUME scenario
allows for energy savings from the beginning. As a result, energy consumption per capita in the SUME-scenario is about 30%
lower than in the BASE-scenario in 2050, due to the shift mainly
from the car to public transportation mode and shorter average
distances driven. Overall, energy consumption per capita until
2050 can be reduced by 50% in the BASE and by 65% in the
SUME scenario compared to 2001.

Overall, the project has been assessed as a overall positive
contribution to the urban development of Vienna. In particular,
the modes of transport, the high share of jobs and services,
modern energy standards and the production of renewable
energies will contribute positively and improve Vienna’s metabolic performance.

MIA Application Vienna Aspern-Seestadt project

