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Urban metabolism

Urban metabolism considers a city as a system and

distinguishes between energy and material flows.

"Metabolic” studies are usually top-down approaches
that assess the inputs and outputs of food, water,

energy, etc. from a city, or that compare the

metabolic process of several cities.

BRIDGE: Bottom-up approach based on quantitative
estimates of urban metabolism components at local
scale, considering the urban metabolism as the 3D
exchange and transformation of energy and matter

between a city and its environment.




Why BRIDGE?

Recent advances in bio-physical sciences have led to
new methods to estimate energy, water, carbon and

pollutants fluxes.

There is poor communication of this new knowledge to
end-users, such as planners, architects, engineers and

policy makers.

BRIDGE responds to this challenge by providing the
means to close the gap between bio-physical sciences
and urban planners, and to illustrate the advantages

of accounting for urban metabolism in urban planning.
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The BRIDGE idea

To define urban metabolism by means of energy,

water, carbon and air pollution fluxes in local scale.

To examine how the change of land use and resources

use affects the above fluxes.
To develop indicators to quantify their impacts.
To develop a DSS based on these indicators.

To use this DSS 1o evaluate urban planning

alternatives in several case studies.

To support sustainable planning strategies based on

these evaluations.
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The planning alternatives

Alternative 1
Supplementing the
existing blocks

Helsinki:
Meri-Rastila

1Alternative 2:
Rastilla Hill
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Y Alternative 3:
Coastal Rastilla

ng:1B00; Floor space: 0.8 i
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MERI-RASTILAN LANSIRANTA 14.9.2009



The Decision Making Methodology

Representation of
actual city

Land use, land cover, topography,
infrastructure networks, S0Cio-economic,
air quality & metearological data

City
databases
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‘ Sustainability

objectives

User defined objectives,
o tid Gieii
and indicators.

Define objectives and
weight indicators
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; Planning

alternatives

Define planning
alternatives

Indicator Walght

Envsoamental 0,369
Socwl 0267
Cconoric 0.364

Physical Flows
modelling

Climate, air quality, energy, comfort,
water, land use dynamics

Compute impacts
(on air quality, energy consumption, ...)
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Multi criteria evaluation
& decision making

Quantified criteria,

maps and scores ‘

Assess
performances

Allermative y
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The Decision Making Methodology

Urban Mectabolism Sustainability J
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Cross cutting
Time series of EO derived emissivity and albedo maps;
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Modelling Cascade

Scale Offline Online

Meso- Local WRF/CMAQ Offline

(UCM/NOAH)
Meso- Local WRF/CHEM Offline
City URBAIR Online e ;
- coarse domain over Eurppe
Local SURFEX (TEB) Online ol
Local LUMPS Online ..
Helsinki
Local SIMGRO Online

CRR R SR AT ] 223
5inner domains over the case
studies regions (27 km? resolution)
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The BRIDGE DSS
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The BRIDGE DSS

5 fomL

- Environmental -
Air Quality

¥ Polutant Concentrations

‘Weight Adjust
[V GreenHouse Gauses ‘Weight Adjust
[V Ambient Concentrations ‘Weight Adjust

[V Population Exposure ta air polution

Air Quality indicatars Weights

Water Balance -

[V wWater Consumption

[V Evapotranspiration

[V Infiltration

[V Surface run-off

[V Potential flood risk

‘Water Balance Indicators Weights

—~Energy -

Energy consumption by
cooling/heating

[V Anthropogenic heat
[v' Bowen ratio

v Percentage of energy from renewahble
sources

Energy Indicators Weights |

-~ Thermal Comfort

[V Thermal Comfort Index (CP)
[V Air Temperature
[V Number of days above threshold

Thermal Comfort Indicators Weights

Discretionary

[V Green Spaces Weight Adjust

v taterials (Volume of material
re-used - recycled

Discretionary Indicators Weights |

Enviromental Indicators Weights I

~Social
~Land Use -

[V New urbanized areas
[V Brownfields re-used

[v' Density of development
Land Use Indicators YWeights

—Mobility/Accessibility

[V' Quality of pedestrian

[V Length of cycle-ways provided

[V Length of new roads provided

[V Use of public trasport

[V Number of inhabitants with access to public transport

Maohbility/Accessibility Indicators Weights

~Social Inclusion

[¥' Numberof inhabitants with access to services
[V Numberof inhabitants with access to social housing

Social Inclusion Indicators Weights

—Human well-being

[V Number of inhabitants affected by flash flooding

[V Number of inhabitants affected by heat waves

Humman well-being Indicators Weights I

Social Indicators Weights |

Economic

[V Costof proposed development
[V Effects on local economy (employment)

[v' Effects on local economy {revenue)

Economic Indicatots Weights

Sustainabilty Dimensions Weights OK
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Indicators
are organized
in a hierarchy
to make it
easier for the
user to select
and define
their relative
Importance
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The BRIDGE DSS

Socio-economic indicators values are not defined by the environmental
models. These values are assigned by the user for all alternatives.
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| Provide values filling the Current Site: Athens Alternative |27
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— Social Inclugion
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— Mobility / Accessibility
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The DSS Outputs - alternatives scores

Through the multi-criteria evaluation process...

Base Alter 1 Alter 2 Alter 3
100 142 100 079 . .

100 124 096 167 L f / pp /
100 100 093 084 a 7/nhal q, raisa
100 072 130 106

100 180 100 1.20 score for' eaCh

ials | 1,00 0,35 0.85 1,84

. alternative is
el computed
2\ « and the sub-
j@ I‘-:ﬁ?- scores computed
*Qé‘_! are also presented
as humbers

« and in the form of
a spider diagram




The DSS Outputs - indicators maps
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Athens Planning Alternatives:

Apply cool materials on all Change the land use of JChange the land use of Eleonas

buildings at Egaleo Eleonas from brownfield to |from brownfield area to green
municipality and on roads built area space




The DSS Outputs - Men NO, Concentration

Athens.

Mean NO,
concentrations (ug/m3)
07:00 - 10:00 LST

in August.
Alternatives' maps

present the
difference from Base.

Alternative 1

Alternative 2

Alternative 3

137
137--125
125--114
114 --1.02
102--9
-9--719
-79--57
__E',' - -

EENEEEEEEEEE

B
g
[
e

A
c
c
o
u
n
t
i
n




B < 29501

I 295.01 - 295.24
B 295.24 - 29547
[ 29547 - 295.7

I 295.7 - 29593

[ 295.93 - 29616
I 296.16 - 296.39
I 296.39 - 296,61
I 296,51 - 29634
I 296.84 - 297.07
I 297.07 - 2973

[ 297.3 - 297.53

[ 297.53 - 297.76
[ 297.76 - 29799
[ 297.99 - 298.22
[ 298.22 - 29845
[ 298.45 - 29868
I 29868 - 2989

B 2989 - 29913

- 29913

Athens.

Mean air temperature (K)
20:00 - 23:00 LST
in Summer.

Alternatives' maps
present the difference
from Base.

Base

-173--162
[-162--1.52
[-152- 141
-141--131

&
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Alternative 1 Alternative 2 Alternative 3




The DSS Outputs - indicators maps

Helsinki Planning Alternatives:

Buildings for 1800 inhabitants and

Buildings for 500 inhabitants Buildings for 1500 inhabitants 1000 new jobs
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The DSS Outputs - CO, Flux

[ < 161831.54
[ 16183154 - 323663.07
[7] 32366307 - 485494.61
[ ] 485404 61 - 64732615
[] 64732615 - 809157.69
[ 80915769 - 970989.22
[] 970989.22 - 1132820.76
[ 1132820.76 - 12046523
[7] 12046523 - 145648384
[] 1456483.84 - 161831537
[] 1618315.37 - 178014691
[] 1780146.91 - 104197845
[ ] 194197845 - 210380999
[] 2103809.99 - 226564152
[ ] 2265641.52 - 2427473.06
[] 2427473.06 - 25893046
[] 25803046 - 2751136.14
[ 2751136.14 - 201296768
[ 2912967.68 - 3074799.21
[ > 3074799.21

Helsinki.

Yearly cumulative

CO, emissions (ug/m?2).
Alternatives' maps
present the difference
from Base.

Base

1 < -645741,78
|71 -645741,78 - -556796 &1
|1 -556796.51 - -467851 &3
|1 46785183 - -378006 86
[1-378906.36 - -289961 89
[]-289961 .89 - -201016.92
[71-201016.92 - -112071.95
[1-112071.95 - -23126.97
[1-23126.97 - 65818

[] 65818 - 154762.97

[] 154762.97 - 24370794
[] 243707.94 - 33265291
[ ] 332652.91 - 42159788
[ ] 42156788 - 51054286
[ 510542.86 - 50048783
[ ] 599487.83 - 6884328
[ 688432.8 - TTTITLT
[] 77737777 - 86632274
[ #66322.74 - 95526772
> 95526772

Alternative 1 Alternative 2 Alternative 3



The DSS Outputs - indicators maps

London Planning Alternatives:
Alternative 1: Add new street frees.
Alternative 2: Add green roofs with varying slopes.

Alternative 1: Implementation of both.
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< 28132

[ 281.32- 2815
[ 281.5- 281.68
[ 281,68 - 281.86
[ 281.86 - 282.04
[ 282.04 - 282.22
[ 282.22 - 2824
[ 2824 - 282,58
[ 282.58 - 282.76
[ 28276 - 282.93
[ 28293 - 28311
[ 28311 - 283.29
[ 283.29 - 28347
[ 28347 - 283.65
[ 283,65 - 283.83
] 283.83 - 284.01
[ 28401 - 28419
[ 28419 - 284.37
[ 284.37 - 284.55

London.

Yearly mean evening
(19:00 - 23:00 LST)
air femperature (K).
Alternatives' maps

present the
difference from Base.

< -139
[-139--132
-132--124
[]-1.24 --116
[-116 - -1.09
[]-1.09--1.01
[7]-1.01--94
- 86 - -79
m-79--71
[ -71--63
[]-63--56
[ ]-56--48
[]-48--41
[]-41--33
[-33--26
[]-26--18
-18--11
-11--03
R

Alternative 1 Alternative 2
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The DSS Outputs - indicators maps

Firenze Planning Alternatives:

S Yt oo
Completereforestationof agreen | Redevelopment of a former Implementationof both.
areaand a sport arena in the Cascine | industrial area (FIAT) in the north
Park. Increase of trees (deciduous) | of the Cascine Park, San Donato
by about 75% of the total. Park.




< 45

[ 45- 9
[ 8-134
[ 1134-179
[ 1179- 224
[ ]224- 289
[ 269- 314
[ 1314- 359
[ 1359- 403
[ 403- 448
7] 448 - 493
[ 1483- 538
[ 1538- 583
[ ]583- 627
[ 1627- 672
[1672-717
[ 717- 762
[ 762- 807
[ 807- 852
= 852

Firenze.
Mean surface runoff
(mm/h) for Summer.

Alternatives' maps
present the
difference from Base.

MW<-33
m-33--3.06
[71-306--281
[1-281--25
256 - -2.32
[-232--207
[71-207--182
[1-182--158
[71-158--133
[1-133--1.09
[71-1.09--84
[]-.84--59
[-59--35
[1-35--1
[]-1-15
[ 15- 38
[7].39- 64
[ 64- 88
[ 88- 113
= 113




The DSS Outputs - indicators maps ;|

Gliwice Planning Alternatives:

Sports Centre

a Centre for New Technologies

Sports Centre & Centre for New Technologies
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The DSS Outputs - PM,, Concentration E

< 45
[ 45- 85
o o B5- 126
GIIWICC. : 126 - 1.66
1166 - 207
Yearly mean PM, S
concentration (ug/ms3). 247 288
] 288 - 3.28
. ) [0 328 - 369
Alternatives' maps 369 4
present the S
H [1491-531
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[]1572- 612
[ 1612- 653
[ 1 653-693
[ 693- 734
o 734- 775
w77
Base
<09
[]-09--05
-05-0
0- 05
[ 05- .09
0e- 14
] 14- 19
11s- .23
m 23- 28
[ 28- 33
a3 .37
1a37- 42
] 42- 47
] 47- 51
[ ] .51- .56
] .56- 61
] B81- 66
[ 8es- 7
m7-T5
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Alternative 1 Alternative 2 Alternative 3



Strategic Scenarios

Energy / Technological Economy

Climate £e Development %
1 + + + %
2 - - -
3 — - -
Scenariol Scenario 2

Y Y 1
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B/RIDGE

Strategic Scenarios Analysis
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The role of users NHEHE

B/RIDGE

DSS f
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CASE STUDIES
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Conclusions - Future Plans

® BRIDGE evaluates how planning alternatives modify urban

metabolism components and is able o promote sustainable
planning strategies by enhancing planning processes
through the quantitative assessments of environmental

aspects on a pair with socio-economic considerations.

" TIf BRIDGE makes clear what information municipalities
need to gather in order to assess environmental

sustainability, it will have accomplished a major task.

® Future plans: towards to an operational tool based on
BRIDGE DSS Prototype.




