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Background: Social Metabolism

Solar energy

» Social systems as
thermodynamically open

Biosphere
(Eco-system)

» Energy and material flows
into socio-economic system

» Internal energy and
material flows

Waste
emissions
heat

» Energy and material flows
back to nature

» Main operationalizations:

— Material and energy flows
- LCA
— Stocks and flows dynamics

Heat
emission radiation
to space

Spatial form of urban socio-economic systems
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Challenges for urban development,
viewed by an urban metabolism approach

» What are the developmental perspectives of European urban
agglomerations is spatial terms — what are potential impacts
on the urban metabolic performance
(= GHG, climate change, resource use)?

» Are there consistently
better urban spatial structures/urban forms
with respect to urban metabolism - resource use?

» How can growth, change, rebuilding cities over time be
steered towards a future improvement of the energy-material
balance ?

» What are the policies currently applied and how can there be
a more comprehensive, resource-minded urban development?

May 3rd, 2011
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SUME - project: Workpackages

IFF/PIK

CITTA

May 3rd, 2011
5 C. Schremmer
SUME coordinator, OIR




Urban form and development in
Europe:
Diversity of form and dynamics
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Brussels-Antwerp

Luxembourg

Bordeaux

Helsinki-Espoo-Vantaa

Toulouse
Lille-Roubaix-Tourcoing-...-Roeselare
Birmingham

Lyon

Stockholm
Copenhagen
Rotterdam
Dublin

Glasgow
Cologne-Bonn
uhr Area
Katowitce-Zory
Liverpool-Manchester
Leeds - Bradford
Newcastle upon Tyne - Sunderland
Hamburg
Amsterdam
Nice-Cannes
Porto

Wirral

Prague
Budapest

Berlin
Milan-Varese
Vienna

London

Lodz

Munich

Lisbon

Rome

Marseille
Krakow

Bucharest
Thessalonica
Valencia
Barcelona
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[eaJe sniped / 1918wWwi4ad snipeu]

SUME coordinator, OIR

May 3rd, 2011
C. Schremmer




SUME scenario approach
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Urban development scenarios 2050:
Inputs and guiding principles

e Spatial development paths for different cities,
2000 - 2050

e Main drivers:
population and job change (projections),
development of living space per capita

e Inputs:
Land use, densities and building typologies, protected
areas and restrictions, infrastructure plans, larger
development projects, development plans

May 3rd, 2011
10 C. Schremmer
SUME coordinator, OIR




Urban development scenarios:
Guiding principles

e BASE scenario as the continuation of current spatial
trends (densities, spatial configurations)

e SUME scenario as a path of sustainable spatial
planning — focusing on the interrelations between
urban form and metabolic performance

e SUME - scenarios 4 planning principles:

gradual step up of densities in existing urban fabric
where attractive public transport can be provided
mix of functions (esp. in PT nodes)

enforced thermal renovation and reconstruction
(combining replacement activities with densification)

May 3rd, 2011
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Scenarios 2050: Overview

» Vienna
» Athens
» Marseille
» Munich

» Newcastle upon
Tyne

4

» Oporto
» Stockholm

May 3rd, 2011
12 C. Schremmer
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Vienna

» 1.8 Mio. population
» > 2050: + 35 %

» Pop.+jobs/km2 in
urban fabric: 7.251

(" )
Legend of City Details

Area Infrastructure .
2a: Key Areas of Urban _____ Subway Network, Existing
Development until 2025 and Under Construction

3b% Long Tefm Optiohs: ~°" Subway Network, Projected

for Urban Development ____ Railway Network Existing
and Under Construction

Existing Motorway
Road Network

Supra Regional Green
@@ Areas, Protected Areas

----- Motorways planned
Land Cover
[According Corine 2000] Borders
Urban fabric
(outside UMZ) UMZ' o
Industrial or Administrative Border
commercial uses of the respective City
Water National Borders

Others

Sources

Copyright EEA, Copenhagen, 2007 - www eea.europa.eu
wwaw.openstreetmap.org SUM
Hational Statistics of:

Greece, Switzerland, France, Germany,
United Kingdom, Portugal, Sweeden, Austria
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Vienna: Change of population and workplace density 2001 - BASE

A

» BASE
scenario
2050:

urban
fabric
+ 559

Change in density Corine Land Cover 2000
I < -7.500 x Expansion of Urban fabric - symbolic
= et Urban fabric (outside UMZ) :
I 2500 - 500 Industrial or commercial uses SUMB
May 3rd, 2011 500 - 500 Water
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Vienna: Change of population and workplace density 2001 - SUME

A

» SUME
scenario
2050:

urban
fabric
+ 149

Change in density Corine Land Cover 2000

N < -7.500 x Expansion of Urban fabric - symbolic
N -7.500 - -5.000

= Urban fabric (outside UMZ) \
\ 1 -52288:5%0 Industrial or commercial uses 15UMEP = m
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Vienna: Difference between SUME and BASE

A

Dbt 1)
» urban S NF
fabric ‘
expansion

reduced

RSN AONE i Corine Land Cover 2000

.| Reduced Densification x Expansion of Urban fabric - symbolic

= e e Urban fabric (outside UMZ) .

1500 - 1.000 Industrial or commercial uses 6"% m
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Densification processes

Development of population and ,a""
floor space 1981-2001 _ PR
/\/ ,,/”
,/
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- , ?
" ‘Old" urban quarters, S
/. densely built upturban stock /

Partly new urban quarters,
U6 Siebenhirten

ace for new developmes
Cd

~
il ——

]
>,
L

Inner-city densification/

new subway lines
""" « extension of floor space
In cells near the new
station

scattered development
of densification,
structural change and
some population losses

= o\ Concentration of

structural change
(office — residential)

V4 . .
",/ Extensive increase of

/

\
1
1
I
I
I
U
/

A4 population and floor

space, some structural
changes

Increase of population with: Decrease of population with:

I Lower increase of floor space M Lower decrease of floor space [ | Minor changes
1 No data

Sources:

Statistik Austria HWZ

1981, GWZ 2001

[77 Similar increase of floor space WM Similar decrease of floor space
[ Higher increase of floor space [ Higher decrease of floor space

["] Decrease of floor space I Increase of floor space
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Athens

» 3.4 Mio. population
» = 2050: + 9 %

» Pop.+jobs/km?2 in
urban fabric: 18.584

( )
Legend of City Details

Area Infrastructure .
2a: Key Areas of Urban Subway Network, Existing
Development until 2025 and Under Construcl.lon
2b: Long Term Options Su.bway Netwirk; Pfollected
for Urban Development ____ Railway Network Existing

. and Under Construction
Supra Regional Green

@@ Areas, Protected Areas Existing Motorway
Road Network
----- Motorways planned
Land Cover
[According Corine 2000] Borders
Urban fabric
(outside UMZ) UMZ_ X X
Industrial or Administrative Border
commercial uses of the respective City
Water National Borders

Others

Sources
Conyich 29, 2007 -wwwosaauropasd foyy
Hational
Greece, dand, France, Germany, o
o P : . . = :

nce,
. Portugal, Sweden, Austria
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Athens: Change of population and workplace density 2001 - BASE

» BASE
scenario
2050:

urban
fabric
4+ 2490

Change in density Corine Land Cover 2000

. <-7.500 3¢ Expansion of Urban fabric - symbolic

= :;'xg ; zggg Urban fabric (outside UMZ) L

_2'500 ; 50'0 Industrial or commercial uses JUME

May 3rd, 2011 1500 - 500 Water »
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» SUME
scenario
2050:

urban
fabric
+ 0%
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Athens: Change of population and workplace density 2001 - SUME

Change in density

I < -7.500
I -7.500 - -5.000
[ -5.000 - -2.500
I -2.500 - 500

-500 - 500
7777 500 - 2.500
I 2.500 - 5.000
I 5.000 - 7.500
B > 7 500

Corine Land Cover 2000
Expansion of Urban fabric - symbolic
Urban fabric (outside UMZ)
Industrial or commercial uses
Water
Divisions
— Administrative Border of Athens
— Administrative subdivisions

Statistk Austira
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» urban
fabric
expansion
avoided
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Athens: Difference between SUME and BASE

Plus in SUME Corine Land Cover 2000

Avoided Densification
Reduced Densification x Expansion of Urban fabric - symbolic
i Urban fabric (outside UMZ)
Industrial or commercial uses
Water
Divisions
~——— Administrative Border of Athens
— Administrative subdivisions
— JMZ

SUME m
fr—
. s

Sources
Copyrght EEA, C: 2007 - http
waw, reetmap.org

Statistk Austira
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» 1.7 Mio. population § | \)
» > 2050: + 18 % )

» Pop.+jobs/km2 in 4§ | |
urban fabric: 8.759 > , ‘ y

e ) ‘ ; ;/

Legend of City Details

Sl

Area Infrastructure .
2a: Key Areas of Urban Subway Network, Existing =
Development until 2025 and Under c°"“""“_’°" e
2b: Long Term Options Su.bway Netwirk; Pfo{eﬁed
for Urban Development ____ Railway Network Existing

. and Under Construction
_ Supra Regional Green

* Areas, Protected Areas

Existing Motorway
Road Network
..... Motorways planned

Land Cover

[According Corine 2000] Borders
Urban fabric
(outside UMZ) oz
Industrial or Administrative Border
commercial uses of the respective City

Water
Others

Sources

Copyright EEA, Copenhagen, 2007 - wwwieea europa.eu :
vw.opensireetmap.org SUME!
Hational Statistics of:

National Borders

Greece, Switzerland, France, Germany,
United Kingdom, Portugal, Sweden, Austria
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» BASE
scenario
2050:

urban
fabric
+ 419%
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Munich: Change of population and workplace density 2008 - BASE

oW o

Change in density
N <-7.500
N -7.500 - -5.000
I -5.000 - -2.500
[ 1 -25500 - 500

-500 - 500
[ 500 - 2.500
I 2500 - 5.000
I 5.000 - 7.500
B > 7500

Corine Land Cover 2000
x Expansion of Urban fabric - symbolic

Urban fabric (outside UMZ)
Industrial or commercial uses
Water

Divisions

— Administrative Border of Munich

—— Administrative subdivisions

.
SUME m
-

Sources
Copyright EEA, Copenhagen, 2007 - hittp:/Awww.eea.europa ey
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Munich: Change of population and workplace density 2008 - SUME

X 0

» SUME
scenario
2050:

urban
fabric
+ 13%

Change in density Corine Land Cover 2000

I < -7.500 x Expansion of Urban fabric - symbolic
I -7.500 - -5.000

Urban fabric (outside UMZ) \
H ::gg : :;)'300 Industrial or commercial uses @ m
May 3rd, 2011 ‘ Water

-500 - 500
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» urban
fabric
expansion
reduced
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Munich: Difference between SUME and BASE

Plus in SUME Corine Land Cover 2000

Avoided Densification
Reduced Densification x Expansion of Urban fabric - symbolic
i Urban fabric (outside UMZ)
Industrial or commercial uses
Water
Divisions
~——— Administrative Border of Munich
— Administrative subdivisions
— JMZ

k Austira
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» 1.1 Mio. population
» > 2050: + 12 %

» Pop.+jobs/km?2 in
urban fabric: 6.700

( )
Legend of City Details

Area Infrastructure .
2a: Key Areas of Urban Subway Network, Existing
Development until 2025 and Under Construcl.lon
2b: Long Term Options =~~~ Subway Network, Projected
for Urban Development Railway Network Existing
S HeGigHalE and Under Construction
upra Regional Green e
- Areas, Protected Areas Existing Motorway
Road Network

..... Motorways planned

Land Cover

[According Corine 2000] Borders
Urban fabric
(outside UMZ) oz
Industrial or Administrative Border
commercial uses of the respective City
Water National Borders

Others

Sources

(mng\m 29, 2007 -wwwosaauropasd foyy

Hational

G dand, Frar _—

nce, Germany,
. Portugal, Sweden, Austria

J
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» BASE
scenario
2050:

urban
fabric
+ 7%

May 3rd, 2011
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Newcastle upon Tyne
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Change in density
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sy Water
{1500 - 2500 L
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Newcastle upon Tyne
Change of population and workplace density 2001 - SUME

0

» SUME
scenario
2050:

urban
fabric
+ 0%

Change in density Corine Land Cover 2000
I < -7.500 Expansion of Urban fabric - symbolic

x SUM
B -5.000 - -2.500 Urban fabric (outside UMZ) m

I -7.500 - -5.000
Industrial or commercial uses

[1 2500 - 500 —
May 3rd, 2011 500 - 500 Water - . - .

[ 500 - 2.500
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» urban
fabric
expansion
avoided
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Newcastle upon Tyne
Difference between SUME and BASE

hd N ‘

A e

X ety g ’;‘_5" )
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Plus in SUME Corine Land Cover 2000

Avoided Densification

3¢ Expansion of Urban fabric - symbolic

Industrial or commercial uses
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Urban fabric (outside UMZ)

Water
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» 1.3 Mio. population

» = 2050:

-4 %

» Pop.+jobs/km?2 in
urban fabric: 5.403

s
Legend of City Details

2a: Key Areas of Urban
Development until 2025

2b: Long Term Options
for Urban Development ____

Supra Regional Green
- Areas, Protected Areas

Land Cover

Urban fabric
(outside UMZ)
Industrial or S
commercial uses
Water

Others

Cleics Switzerland, Fran
nited Kingdom, Pnnugd smden hustia

Area Infrastructure

[According Corine 2000] Borders

Sources.

Coppight L, Co (opmhagm 2007 - wwwieea.europa.eu
mww
Vatlona St ot

~

Subway Network, Existing
and Under Construction
Subway Network, Projected

Railway Network Existing
and Under Construction

Existing Motorway
Road Network
Motorways planned

umz

Administrative Border
of the respective City

National Borders
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Oporto: Change of population and workplace density 2001 - BASE

» BASE
scenario
2050:

urban
fabric
+ 0%

Change in density Corine Land Cover 2000

I < -7.500 x Expansion of Urban fabric - symbolic

- :;'ggg ) :g’ggg Urban fabric (outside UMZ) :

[ -2500- 500 Industrial or commercial uses SUM!

. -500 - 500 Water

[ 500 - 2.500 Divisions Sormsres

I 2500 - 5.000 —— Administrative Border of Oporto -

I 5.000 - 7.500 —— Administrative subdivisions ot £EA Copemhage, 200 - s uropa
k Austira
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Oporto: Change of population and workplace density 2001 - SUME

» SUME
scenario
2050:

urban
fabric
+ 0%
PT-focus

Change in density Corine Land Cover 2000

. < -7.500 3¢ Expansion of Urban fabric - symbolic

- :;'ggg ) :g'ggg Urban fabric (outside UMZ) :

[ -2500- 500 Industrial or commercial uses SUM!

[ -500 - 500 Water

[ 500 - 2.500 Divisions Hres

I 2500 - 5.000 —— Administrative Border of Oporto -

I 5.000 - 7.500 —— Administrative subdivisions omht €2 Copmhage, 200 - s mirogn 0
I > 7.500 — UMZ Statistk Austia
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» Shift
within
urban
fabric
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Oporto: Difference between SUME and BASE

Plus in SUME Corine Land Cover 2000
Avoided Densification . - y
Reduced Densification x Expansion of Urban fabric - symbolic

L No Difference Urban fabric (outside UMZ)

Y Industrial or commercial uses
Water

Divisions

——— Administrative Border of Oporto

— Administrative subdivisions

e— UMZ

Sources

Copyright EEA, Copenhagen, 2007 - hittp /wvww. eea. europa.eu
VAW openstreetmap.org
Statistk Austira
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Stockholm

» 1.3 Mio. population
» > 2050: + 44 %

» Pop.+jobs/km?2 in
urban fabric: 5.278

( )
Legend of City Details

Area Infrastructure .
2a: Key Areas of Urban Subway Network, Existing
Development until 2025 and Under c°"“’”‘?‘°"
2b: Long Term Options Su-bway Netwirk; Pl"O]lected
for Urban Development ____ Railway Network Existing

. and Under Construction

Supra Regional Green

Areas, Protected Areas Existing Motorway

Road Network
_____ Motorways planned

Land Cover

[According Corine 2000] Borders
Urban fabric
(outside UM2) Uz
Industrial or Administrative Border
commercial uses of the respective City
Water National Borders
Others

Sources
C 1agen, 2007 - www eea.europa.eu Sj)ME
N
Greece, o
nlt IS Saatua B S S )

ince, Germany,
gal, Sweden, Austria
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» BASE
scenario
2050:

urban
fabric
+ 47%

May 3rd, 2011
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Stockholm: Change of population and workplace density 2001 - BASE

Change in density Corine Land Cover 2000
N < -7.500 x Expansion of Urban fabric - symbolic
= ;x gg% Urban fabric (outside UMZ) :
= _2'500 o 500 Industrial or commercial uses SUM
_560 500 Water
500 - 2.500 Divisions ‘ ;. i
B 2.500 - 5.000 — Administrative Border of Stockhol Soliic
I 5.000 - 7.500 —— Administrative subdivisions Copright EEA, € 2007
| - 7500 —_— UMZ oo il
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» SUME
scenario
2050:

urban
fabric
+20%
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Stockholm: Change of population and workplace density 2001 - SUME

Change in density Corine Land Cover 2000

I < -7.500 x Expansion of Urban fabric - symbolic
I -7.500 - -5.000

Urban fabric (outside UMZ) X
-[—~ zgg : :526300 Industrial or commercial uses (\U-“%" m
: Water

-mo-soo PR Keomemes
500 - 2.500 Divisions P F— 0
B 2.500 - 5.000 — Administrative Border of Stockhol P
I 5.000 - 7.500 —— Administrative subdivisions o Do e 30815

B > 7500 — UMZ Statistk Austia
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» urban
fabric
expansion
reduced
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Stockholm: Difference between SUME and BASE
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. [ S

Corine Land Cover 2000

3¢ Expansion of Urban fabric - symbolic
Urban fabric (outside UMZ)

Industrial or commercial uses e m
Water
I
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Urban spatial development:
BASE and SUME scenarios

May 3rd, 2011
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Scenarios BASE and SUME:

Growth of “urbanized zones” 2000 — 2050

Vienna 54%
Munich
Stockholm
Porto 0% .
0% | PDPUIHtIDn CI1 Diagrammbereich i
. 2050
) 240
Athens 0% 24% [ BASE (Growth of urbanized
zonein % 2000-2050)
19Y%
Marseille 0% 35% m SUME (Growth of urbanized
zonein % 2000-2050)
Newcastle 8%
0%
-10% 0% 10% 20% 30% 40% 50% 60%
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Urban form:
Impact on transport (- energy)

May 3rd, 2011
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subway network, projected

exsting motorways
motorways projected

road network

administrative border Vienna

Urbanized area

subway network existing and under construction

raillway network existing and under construction

“The second challenge: Transport

» The share of car use for daily trips
Is influenced by the accessibility of
good quality public transport

= Growing cities tend to expand
spatially, they loose in compactness
and access to public transport lines

» But: Urban spatial development
scenarios show the trends,
SUME scenarios show the potential
to improve accessibility

COOPERATION -




The potential to use public transportation,
depending on spatial development 2000 - 2050:
UDP indicator for BASE and SUME scenarios

UDP = Integrated public transport potential indicator: 12 = max., 3 = min.

12

11

10

B85
—_ 9
2 02001
& g P 2,33
= , a OBASE
- ?’ '
= / 2 B SUME
=
5,26 1

5_.

d__-

3

Vienna Stockholm  Athens Oporto Munich  Marseille MNewcastle
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Urban building structures:
Future options to reduce energy
consumption for heating/cooling

May 3rd, 2011
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nsforming urban building stock
to reduce energy consumption

Cities have different_building age structures (and corresponding
technical standards), which are decisive for the potential to reduce
their energy consumption for heating

Replacing after 80 years: - the option for putting in
zero-energy housing until 2050 in % of total is :

0% 10% 20% 30% 40% 20% 60% 70% 80% 90% 100%

Vienna I 54 %)
: s s ~=4 s s s
vunich | S 60 %
. | | | = | | |
Newcastle 56 %
| AT =m—
L
Stockholm 40 %
T P sl
Athens || | 15 %
- i i
oporo. | N 42%
vrseile | S | 51 9%
! ! ! i




energy demand for
space heating
(kWh/m2/a)
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befare 1919

1919 -
1945 - 1960
1960

1961 - 1980
1980-2001
after 2001 _r.f
before 1919
1919 - 1944
1945 -
1961 - 1980 ]
1980-2001
after 2001

C. Schremmer
SUME coordinator, OIR

Vienna
Munich
MNewcastle
Stockholm
Athens

Oporto

Marseille

- 1980
/

before 1919
1919 - 1944
1945 - 1960
19580-2001
after 2001

1961

Source: JRC 2008 (standard)
and own estimation

COOPERATION -



How energy demand for space heating
can be reduced 2001 - 2050:
Scenarios BASE and SUME
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Urban development scenarios:
Key findings and conclusions

May 3rd, 2011
C. Schremmer
SUME coordinator, OIR




Conclusions — European policy perspective

e Great diversity of starting situations and development
perspectives

e BASE scenarios 2050 show urban spatial expansion faster
than population dynamics, also in stagnant urban
agglomerations with deteriorating access to public transport

e The SUME-scenario development principles show the
large action space for cities over time, esp. in fast growing
agglomerations - e.g. reducing of new urbanization in fast
growing agglomerations up to 80%

e Major efforts in the urban agglomeration transport
infrastructure will be needed, closely coupled with policies to
spatially focus housing, residential and economic
development - links between sectoral policies needed
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For the urban agglomerations:
Key strategy is re-development of urbanized areas

e Re-development of existing urbanized areas with excellent
public transport is the key to reduce large-scale future
expansion

e A new policy-set beyond green-field and brown-field
development is needed:

1 Building and energy-oriented renovation strategies +

2 attractiveness: better green area and open space quality of
inner-city neighborhoods +

3 densification strategies and mobilizing building land in areas with
lower densities and good access to public transport

e Large scale development-projects are to form new centers
and nodes of transport as strategy to improve the overall
urban diversity pattern (mix of uses, services) and give an
impulse to densification
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Inner-city densification/
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Thank you.
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