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Consumo di energia dalaloongoapite
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Energia per | trasgadri pcapite

Figure 1.2 P Transport sector energy use per capita, 2006
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The boundaries and names shown and the designations used on maps included in this publication do not imply official endorsement or acceptance by the IEA.

Note: Does not include international shipping.
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Consumo di energia per trash@tomdiiyi gas
serra

Box 2.2 TERM 01: Transport final energy consumption by fuel

TERM 2013: transport indicators tracking progress
towards environmental targets in Europe EEA Report 11/2013
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Emissione unitaria di gas serra dei diversi mo

“Figure 1.6 P GHG efficiency of different modes, freight and passenger, 2005
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Note: The clear line indicates world average, the bar representing MoMo regions’ discrepancy.

Sources: |EA Mobility Model database: Buhaug (2008). IEA/OECD 200%ransport Energy and CORIoving TowardSustainability
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Ripartizione modale mezzi motorizzati nel mondo,

Figure 1.4 P Motorised passenger travel split by mode, 2005

- . = . mm | " 3-wheelers
90% — l I I I W 2-wheelers

M Light trucks

Cars

60% — B Minibuses
50% — Buses
I . I M Rail

I M Air

Travel mode share (% of pkm)

I I | |
K @ N @ o O . 5 o (o
N R O X & &) b\o Y N
NQPIRS & O ¥ F S
&« N O e & ¥
S Yo S ot P
& & ¢ f NS
O O Q} (00 N IEA/OECD 200%ransport Energy and CORIloving TowardSustainability
<

N
-O=

Efficienza energetica per la pianificazione urbana e territoriale SPECIAL

COMMUNITIES IN ALL LANDSCAPES



Evoluzione del traffico passeggeri e merci e riparti.

Europa

Box 2.7

TERM 12a/b: Passenger transport volume and modal split within the EU

Passenger transport volume in the EU-27
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TERM 2013: transport indicators tracking progress
towards environmental targets in Europe

EEA Report 11/2013

TERM 13a/b: Freight transport volume and modal split within the EU
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Box 2.8
Freight transport volume in the EU-27
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Tasso di motorizzazione nel mondo

Figure 1.5 P Passenger LDV stock, by type and region, 2005 IEA/OECD 200%ransport Energy and CORloving TowardSustainability
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Figure TS.14: Vehicle ownership and income per capita as a time fine per country [Hgure 5.2].
Note: data are for 1900-2002, but the years plotted vary by country, depending on data availability.
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Tasso di motorizpazioni& e per PIL

Figure 5.4 GDP in relation to car ownership growth, 2011
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650 -
R R
i - Turin :
600 4 -
'_--------..:XPr;ue # London =
. Vilnius = « .
550 - .
. Warsaw :: Stuttgart+ Ll
o0 - :: Madrid Brussels X
: T : Reddito e
: Sevill e X i -
: eville % | lencia R Ry .,
- “uwesnense’ X Birmingham P : POSSESSO
i . * . Helsinki :
. e . Inversamente
. m Bard| -t . - ;
o Beri]| Lo ParsA —pambug - correlati
400 4 Sheffield = ) - .
. Vienna = . .
. @ Amsterdam . .
350 4 ‘e isssssassssssssssannns R + Copenhagen :
Budapest -'. ................ 3
300 T T T T T .
0 10 000 20 000 30 000 40 000 50 000 60 000

N

GPD per capita (EUR/year) Nw
EfflClenza 6, Source: EMTA, 2012a. SPECIAL

N Uv\-lvv‘. I\lvl [ B S4 Y I\llv‘.l I Wt Wil W Wil N Wl I We W Sl I IR WAl W SPATIAL PLANNING and ENERGY for
COMMUNITIES IN ALL LANDSCAPES

)



Ich glaube an das Pferd.

Das Automobil ist eine voriibergehende Ersch
aiser Withelm 11 | zugeschrieben)

»I-do believe in the horse.

The automobile is no more than a transitory phenos
Emperor Wilhelm |l (attributed to) )

Yosicreo enel caballo Automovilno es
s IMasque un fenomenotransitorio.
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Efficienza energetica per diversi modi di trasporto

How far can I travel on 1 liter of fuel?
(values given in passenger-kilometers)

Pedestrian

Bicycle
50 grammi di grasse 37km in bicicletta
50 grammi di benzina 700 m in auto
Stesso rendimento termodinamico Articulated Bus (diesel)
Grande differenza di efficienza energetica

Bi-articulated BRT Bus (diesel)

2-axle Urban Bus (diesel)

Metro Rail (single car)*

All values reflect a 100% occupancy rate.

Passenger Car (diesel)

Scooter (4-stroke, urban roads)

Passenger Car (petrol)

Scooter (2-stroke, urban roads)

0 50 100 150 200 250 300 350 400 450

* Electricity consumption is transformed to litre of gasoline based on an energy content of 35 MU in per litre gasoline;

All values in passenger-kilometers (pkm), reflecting a 100% occupancy rate. Based on “How far can I travel on 1 tonne of CO,” by Deutsche Gesellschaft fir Internationale Zusammenarbeit (GIZ) GmbH, 2011. All
data given in this diagram should be considered as guideline values, as real values may differ considerably, depending on inter alia actual load factors, smoothness of traffic flow and technical standards of
vehicles and infrastructure.

Figure 12: Energy efficiency of different modes of urban transport.

EfﬁClenza energetlca per |a Source: Adapted from GIZ, 2011
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Come nasce Il traffico

DOMANDA DITRASPORTO OFFERTA DI TRASPORTO
- -4
distribuzione residenti infrastrutture
distribuzione attivita modi di trasporto
economiche TRAFFICO
energia
livello socio-economico
. . IMPATTI
Spatial Interactions
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Conualcoldred e utilezzagertrasporti

Intensita Distribuzione Intensita
demografica attivita energetica

E [le']\ieople[ pax? Distancdkn]? Veh_consumptia [kWh ki

Veh_ capacity[ pa>d3 Load_ Factor [%]

\ \

Tecnologia Efficienza del
trasporto
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Efficienza Energetica Globale

Veh_consumptia [kWh km]
Veh_ capacity[ pa>d3 Load__ Factor |%]

RIDURRE CAMBIARE MIGLIORARE

E[kWt‘] = People[ pa>d3 Distance[km]3

Effm_emzadel Efficienza del Efficienza del veicolc
Sistema Trasporto
w LUTIlintegration w Favourow impact w Improveenergy
w SmartGrowth transportmodes efficiency(TTW)
w TransitOriented and usecleanfuels
Development  (veidpax) (WTT)
w (paxkm) w kWh/veickm

WTT: fromWellTo-Tank
TTW: from Tanko-Wheel

Spatialplanning Transportplanning Technologynnovation
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Benchmark con gli indicatori di efficienza energetica [

Table 1: Examples of values for different efficiency indicators — mean values of several
cities in each region, 1995 (adopted from Kenworthy 2003)

. e Western Highincome Latin American African
Indicator US cities " . eas e e
European cities  Asian cities cities cities
System efficiency
Passenger transport energy use
. 60034 15675 9556 7283 6184
per capita (MJ/person)
Private individual mobility
. 18 200 6321 3971 2966 2711
(pkm/capita)
Urban density (person/km?) 1490 5490 15030 7470 5990
Eurban transport = vehicle efficiency Travel efficiency
x travel efficiency x system efficienc : .
yxsy y Modal split of all trips
(adapted from Kojima and Ryan 2010) | ® Non-motorised modes 8.1% 31.3% 28.5% 307 % 41.4 %
B Public transport 3.4 % 19.0 % 299 % 33.9% 26.3 %
B Motorised private modes 88.5% 49.7 % 41.6 % 354 % 323 %
Energy use per public transport
= el . 2.13 0.83 0.48 0.76 0.51
passenger-km (MJ/pkm)
Vehicle efficiency
Energy use in private passenger
. . 4.6 3.3 3.3 3.7 3.7
vehicle-kilometre (MJ/km)™
Energy use per public transport
26.3 14.7 14.4 16.9 9.5
vehicle-kilometre (MJ/km) BMZ @]
' Note that the share of cars and two- or three-wheelers has an influence on this indicator. ’\}\'{:im
It is preferable to asses automobile and two- or three-wheeler vehicle efficiency separately ~Ul Urban Transport
o ] ; P E c I ‘ ﬁgflJFnergy Efficiency
Effl clenza ene rg et| ca ATIAL PLANNING and ENI o v+
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Classificazione delle azioni (per la mobilita sosteni

Regulation

Planning

Technology
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PIANIFICAZIONE
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ECONOMIA
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INFORMAZIONE
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TECNOLOGIA
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== Average CO, emissions from new passenger cars

Box 11: Labelling - an option for promoting efficient vehicles?

Eco-labelling, which has become increasingly popular T -
for food products and consumer electronics, is mutually ,W

beneficial, as customers can (in theory) be confident they

are buying environmentally friendly products while, at the

same time, a label makes a product more attractive, which
is beneficial for the producing company. On the down side,
it is possible for companies to practise ‘greenwashing’, to
invent their own new labels, or to lower the standard of
the awarding organisation.

More recently the concept of labelling has been intro-
duced for private motorised vehicles, especially passenger
cars. Here, the labels are awarded according to the cars’
fuel efficiency. This approach has been taken in the USA,

where the labels are graded from A+ to D, and in the Euro-
pean Union, where Directive 1999/94/EC promotes the
use of the eco-label shown here.

|Model/Version:

Figure 48: Irish car label.
Sources: EC 2009
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WelleNheel

Carbon Emissions (g CO2/km)
300.0

AAnalisi energetica dal pozzo

Al veicoli eletEiggriduconoi = awrr
consumi energetici del 50% ¢,,,,
emissioni di CO2 del 60%

ANaturalmente queste stime d
dalla fonte primaria per la prcieo
di energia elettrica. Il grafico __
situazione USA con 50% di€ | || [
prodotta in centrali a carbone e~ —— "= —— LI

Europa la situazione e miglio

Figure 1: Well-to-wheels (WTT) and Tank-to-wheels (TTW) analysis of carbon emissions for
conventional and advanced vehicles [Kromer 2007]
2O
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TECNOLOGIE ITS

Il controllo avanzato del veicolo (aumento della
sicurezza e della capacita di traffico)

o
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Efficienzaenergetica
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David JC MacKay

Sustainbalé&nergy without the hot air
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Consuthenergiatald e | | caut o

(4
@ - @ L2 I

=MD SMCU

ATasso di energia consumata nel e L 2
- - (4}
percorgdra una partenzaed un e - d "

1 1
;majrvz — EpAUf v?

ATassoettiergissatper leesistenza E;@f/—/—s,'ﬁ A

del | dari a A0 1) e
ATassoetliergiatale S Imadsd 4 o

S
Po5
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David JC MacKay

Sustainbalé&nergy without the hot air

Consutenergthe | | 0aut o

AVediars® énaggidred e noasurgaéfranoquellper @ oy
smuoveéed ar | a 4 S )
: : Lo v 1,403
AEntrambeluermeienergiaescoran? mev’/d +  5pA

ADimezzaladelocits, lgpotenzapegnataeduce di 8 volte
ALaspostameidoiedeloppitel temdanglied e comsuntpia a

e 4 voltderiare (me/d) /(pA)

All consumengirgiipengadalldissipazidiemerganetioei Ad
frense lmasshe | émagyiatellanassetubai arimadue Me > PAL
arrestiel/eicqleviceversa
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David JC MacKay

Sustainbalé&nergy without the hot air

Consutenergthe | | 0aut o

ACalcoliaiwalordelldistanztraduarrestal di sadellgualiéconsuio
energalegapitalldasdi mot@rie al doprallaesistere@rodinamica

ANellpoteseguent
AA_ =3 mg/d/3, |1000 kg

" )
o m 1000 kg

= = . = 750m
pcdAcar  1.3kg/m? x 3 x 3m?
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-0

Efficienza energetica per la pianificazione urbana e territoriale SPECIAL

NNNNNNNNNNNNNNNNNNNNNNNNNN


http://www.withouthotair.com/Contents.html

David JC MacKay

Sustainbalé&nergy without the hot air

Consuthenergthe | | 0aut o

ADunqueguidairban® dominatallaissipazidne | | dnetidszenajyraa
se ldistanpaduarreséinferioee 750 m.regirmeconsudenergenviene
ARidurréeamassdelveicol¢autgiccole comaterialcomposjti
ARecuperdred e rdidrengturgauteelettrichie
ARidurréavelocitdecalriving).

ALadguidaextraurbanaguandadistangagliarresé moltoaggiaie750 m, &
dominatalldissipazidrenergper leesisteraarodinamicpuestondizioni
peso dalicolmn evanteaesistenzan cambid comedipasseg@drordo
Peridurreconsudmenerganviene

ARidurré coefficienterodinamico
ARidurréaseziongasversaler
ARidurréavelocita
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David JC MacKay

Sustainbalé&nergy without the hot air

Consuthenergthe | | 0aut o

Al tipianotoaicombustionernaanno n 6 e enfergetitiE 25602344

d e | | dneidaEomdpustidprecataiscaldameetnotoredel
radiatore sold4sitrasformeenerguile: :

- 1 1
total power of car = 4 [;n:ftﬁf d + Epﬁlﬂ?’

Alpotizzandd 1&km/h = 31 m/& A= 1 ™

AL spotenpecessagiairca:;

4 - ;pﬂtﬁ =2 % 13kg/m® « 1m* x (31m/s)® = 80kW,
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-0

Efficienza energetica per la pianificazione urbana e territoriale SPECIAL

NNNNNNNNNNNNNNNNNNNNNNNNNN


http://www.withouthotair.com/Contents.html

David JC MacKay

Sustainbalé&nergy without the hot air

Consuthenergthe | | 0aut o

AViaggiamdbl0 km/huper8icomsarBe&kWh ehergia

ADimezzalaslelocisiviagg@er due ore coeli@®®tenza. I
consuienergalungugd kWh

AConsumitari
AAuto a 110 km/h 80 kWh/100 km
ABicicle&t20 km/h 2.4 KWh/100 km
AA380 a 900 km/h 27 kWh/poem
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Evoluzione storica del consumo energetico de

o ANonostante il progresso tecnologico
trasporti, la quantita di energia utilizz

w
n

E .y .. .
8 30 modi di trasporto divisa il numerdmot
325 uneasue ~ e rimasta pressoché costante, per le
§ 2°T GreatBritin....ynas T ragioni:
R ARi duzione del |l Bus:¢
g 10 4 Switzeriand 7 ' . .
e Spen < Schaferet al., 2009 v e I. O Ci a favore
05 1 velocita
ki R g o g s 8 AUso di veicoli piti grandi, pesanti e pote

capacita di trasporto
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Evoluzione storica del consumo energetico de

Lipsce$chipper

MI/VKM

Energy/vehicle km 1970-2008,
Japan and the US

modello Pesot Potenza
. kW

Ford

model T

1908

1950
1973
1980
2005

0.550

1.710
1.860

Oilcrisis
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90
110

Potenza consumo
unitaria, (1/200km)
kW/t

27 15

53 15
60 18

8.7
85 10
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Evoluzione storica del consumo energetico de

me - N ASebbene il consumo di una Ford N

Ford Model T 1910 ~ . .
550 kg, 15 kW, all o1 ni1 z1 o del \

15 /100km doppit o di qgtenenkdo

~conto dell daume.
5 | Toyoracamnioez | JUEStO rapporto avrebbe potuto es

ke 8% Al Model T consumava 5 volte di ¢z

\ / per unita di peso, ma abbianio sac
- ~ potenzialgparmio di energia per gu
- | ToyotaCamn2007) yiajcoli piu pesanti (e piu veloci)

1500 kg, 118 kW,

91/100km e
3~INg WA
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Evol uzi one del

1916 2005 20202030
1920

Sparkignition engine

Rapporto di compressione 4:1 10:1 12:1
Rapporto potenza/cilindrata, kW/I 5 50 65
Rapporto potenza/peso, W/kg <0.1 22 27-33
Emissioni H®ox, g/km 10/2 0.03/0.13 0.01/0.02
Vehicle

Coefficiente aerodinamico 0.8 0.33 0.25
resistenzaspecificiarotolamento 0.02 0.009 0.007
Massa veicolo per posto, kg 136 320 200-300
Metalli leggeri e plastica, % 0 15 20-50
cosnumj L/100 km 15 10 4-8
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Mobilita elettrica
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Auto elettrica

AL 6 a ut oéuermezzp ti trasporo dotato di un motore elett

trazione che utili zza ener gl
una o piu batterie.
ANe | | & a(v&iettrida)dnveicadcaesistono due tipologie di

elettrico e quello termico, che possono avere funzioni differen

L4
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Benefttie | eéleftracas t o

Riduzionesnergia

Riduzione emissione gas serra

Riduzione dipendenza energetica dal petrolio

Riduzione inquinamento atmosferico nelle citta,

soprattutto le polveri sottili

o
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Benefttie | édleftrecas t 0
ELETTRICA VS COMBUSTIONEBNTERNA A 7| ONI D1 L

AMeno rumore AConsumo Unitario 150 Wh/km
AMeno puzza ABatteria di capacik&\ti 25

AMeno vibrazioni AAutonomiakh6(25000/150)
ANiente cambio ALa capacita della batteria contiene

| | | 0energi a di 3
AAssenza consumi a veicolo farmauto a benzina percorresse 53
un litro di benzina

AAlta coppia o .

AR . ABassa densita di energia ma alta
assa manutenzione efficienza energetica

AMa, MINORE AUTONOMIA st o
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La densita di energia sta crescendo

Densita di energie Peso batteria

Smaller
A 4 7
ir
800 1 Li-P, Li-ion = ”
New systems
700 -
Ref: 18650s; 2.6Ah
"1 Established technologies
WhiL 1 Emerging technologies
5mm prismatic cells < 1300 mAh
100
’ Lead-Acid
0 T T T T T T T T » Lighter
0 100 200 300 400 500 600 700 800

Efficie Whikg benzina 12500 Whikg = fef J-\ &

1
IES IN ALL LANDSCAPES



Butlensigfenergystilaprobie

Alf wavararallelectriehictegivadrivingangeomparkatbadf a
gasolipeweredrising 100 Whatgerdztion:

ARange 600 km

AAveragaienergyse 150 Wh/km

ATotddattergapacity (600 km x 150 Wh/km) = 90.000 Wh
ABattenyeight (90.000 Wh/ 100 Wh/kg) = 900 kg

ATheehicleeighouldpproximatethaof an |@thicle

Efficienza energetica per la pianificazione urbana e territoriale SPECIAL

NNNNNNNNNNNNNNNNNNNNNNNNNN



Morbattemapacpguniofweligdneeded

Battery
‘Unit energy  capacity W

‘ Wh/km
Vehicle

N
-O=
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Classificabiatectnehicles

AVeicguramente elett(ieV, PEV BUtERCIEhies

AHEWYbridilectiehip/aeicoli ibridi tradizionali, nei quali
| 0oabbi namento dell a traz]

parallela e in alcuni casi mista.

APHENIgin HybridElectiehiyfoome i precederpossibile
procedere alla ricari ca ¢
motore termico, anche collegando il veicolo alla rete ele

N\ 1 7
0=
I~ LA
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PURE ELECTRICBAEHICLE

Al motori elettrici hanno una grande efficienza energetic
ARendimento retetreg9% (30% benzina, 40% diesel)

Alnoltre differenza di quelli termici, i motori elettrici sonc
non produconodaiv|

N
-O=
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HYBRID ELECTRKEYEHICLE

AArelectnmotoessistslawnsiZ&de.

AICHEsmostlysed/heoruisingt highespeedracasyenerator to preldatecity
exploitinggoodfficienaigonstaspieratiregimes

AThelctrienototypicalbyopeiserehicturingnosstopandgourbadriving
usemshigh torqidovspeaah@dctaggeneraturinigraking

Battery
B
Flywheel
Capacitor
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HYBRID ELECTRIGEBABEELIS

ACombiadvantegésCE (highsignergy

A and tledectritrivetrajhighmotaefficienagd zaédbingpsses
AICEImingffduringtandstill ~ 17%nergaving
ARegenerdinaking 6%
AMorefficierdgimes ICE 1520%
AContinowslsiabteansmission 510%

ATotal HBVsumpietDUessham ICEbunterpart
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Conductegharge

ARicarica lentaambiente dome

AMonofag23/ AC6 A, t =8 h e e
ATrifasa38W ATH6 A, - l {
t=23h
ARicarica rapidampianti pubblici
ACorrente continu&0090 1023, ... |
t =20-10min 0 meno @\ ;

v
-0
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Inductikecharge
TLOI mpi anto an s
pavimentazione P Sy

9 Il riconoscimento del veicolo e
automatico durante la sosta

1 Non é necessario il contatto fisicg®
velcolo e Infrastruttura.

Esempio di ricarica induttiva per autobus di lin

ﬂ E 6 p OS S | b | I e p g urbana (linea Star di GTT, Torino, 2013
ricarica in movimento.

N
-O=
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Market/olution

AThericefLitiumbatteigexpectedreduce 50% in 2020 and 75% in 2025.
ABy $eartharicef aklect@awillequahabfintern@ombuskEngioars
A10%oulde the market sledeetofehicles

A2000wilbe theveragavirig ajeaofoperation

AArevesur¢hisvilbegod?

A Occupatitspadpurbaareaisstilthesameveif the ciselectric

A Actuemissioharacteristican B¥pends thieiemixturesedyeacbountry to generate
electricity

AThaeaddituatigswhealectricftybattemgechargemé®menewableergourcésing
photovoltaic.)
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Interazione traspor
territorio-energia
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The Impact of Residential Density on
Vehicle Usage and Fuel Consumption:
Evidence from National Samples

n | | |
( : ar l I S e m e n m n S It Jinwon Kim and David Brownstone
Technical University of Denmark, University of California, Irvine

17. June 2013

Table 4: Vehicle usage by residential density

Housing units per square mile in 0 to 50 50t0250 250to 1K 1Kto3K 3Kto5K  Over 5K Whenurbandensityincreases
Census block group

Annual mileage of all household 25786 24553 22218 18897 14982 13431 Travelleddistancedecreases
vehicles

Annual fuel consumption in gallons 1308 1217 1067 895 717 599 Fuelconsumptiondecreases
Vehicles per household 1.95 1.97 1.86 1.63 1.34 0.79 Lesscars

Average number of drivers 1.79 1.81 1.78 1.59 1.40 0.85 Lesdrivers
Household income ($10000) 4.57 5.56 6.30 5.50 4.67 4.42 < Samencome

Source: 2001 NHTS, average across estimation sample (4992 observations)

S
Po5

California National Samples fraime 2001 National Household Travel Survey PN AN
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Urbaensigndransp@mergy

Transport-related energy consumption
Gigajoules per capita per year

y e mixed use,
9 g ol T ey transit oriented

Houston L
] compactcities
70 Phoenix
Detrait Urban density and
S transport-related
Los Angeles i
BSarsoFrancisco energy consumptlon
0sion 1
50 Washington Source: Newman et Kenworthy, 1989 ag al n St
Chicago Atlas Enviro t du Monde Diplomatigue 2007,
New York
40
Toronto
20 :—F_:F_F’Berg:)a n: ! North ﬁfmeri.c_an cities
€~ Melbourne ® Australian cities
Sydney ° I
Hambur European cities
tockholm Asian cities
204 I/Fzran_kr:url .
bars A& JBrussals low density,
Land.ﬁ 3.‘./’[\("{"1;;?hBerlin
10 Copenagen @ Ve cardependent
Amsterdam
S Hong Kong
O I and sprawled
0 25 50 75 100 125 150 200 250 300

Urban density
Inhabitants per hectare

“igure 1 : The Newman and Kenworthy hyperbola: Urban density and
ransport-related energy consumption
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AveragensigssSpatiBynamics

AUn gradiente di densita negati
generato dalla competizione
economica per localizzazioni c

AE influenzato dalle politiche
urbanistiche, tassazione e
Infrastrutture.

AUn gradiente positivo aumentsz
consumo di energia deil traspo
(addensamento origini spostal

Scale: 100,000 people 5 » - - - ja
Figure 3. Residential density distribution in several cities. Source: (Bertaud, 2001). p e rlfe rl a) Nm
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Average Density vs Spatial Dynamics

a) Londra

b) Stoccolma

c) Los Angeles

d) Evoluzione di unaitta
monocentricain una megalopoli

Urbanvillage Random andadial
polycentric mono-polycentric

N
-O=
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Whichodel: Barcellona o Atlanta?

50 km

Barcelona

Atlanta

Population:
5.25 million

Urban area:

4,280 km?

7.5TCO,/ha /an
[public + private

Barcelona

Population:

5.33 million

Urban area:

162 km?

0.7TCO,/ha /an
(public + private

Samepopulation

Density25timeshigher

GHGemissionl0timeslower

transport) transport)
Atlanta
__ 8000
o
‘e 7000 5
s .
5 4000 Range of potential urban future
[=8
o >
< 5000
o
S 4noo-
o
s .
2 30004
K
E 2000+ ——
gmno- BB B BN O O
2 [
D-IUD 'EI_E. I‘Imlolmlclmla Cll:nI Imrul:nllull:nl—l_c
2 & £t £ £ ¥ % § 2 & § ¢ £ 5 © w g2 £ g £ 2 & £
< ¢ F F @ O - = g 3 & @ = 3 = &
wn = £ o @ -~ o
m I
=

Figure 4. Atlanta or Barcelona, the range of possible urban futures. Source : Adapted from [Newman and Kenworthy, 1999).
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Urbamodelling

AModelli complessi di interazione trasporti territorio per i ricercator

ALa pianificazione urbanistica e dei trasporti ha bisogno di modelli semj
sviluppo lungo i percorsi della sostenibilita

L4
-0
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Transportenergydependence
urbanmodel
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Land USenspoEnergy model

Land Use

’,z{‘
Spatial Interactions

35

= =S

Transportation Network

-Zoning

-Residents by zone
-Activities by zone
-Demand flows

PLANNING SCENARIO

-Road network
-Pedestrian netw.
-Cycling Network
-Transit network

TRANSPORT MODEL

\ 4

-Min distance by mode
-Transit netw. density by zone
-Travel behaviour criteria

MODE CHOICE MODEL

/

-Vehicle by fugbe
-Vehicle Energy

ENERGY MODEL

1
1
1
1
1
1
1
1
1
. 1
Intensity :<—
1
1
1
1
1
1
1
1

OPTIMAL DISTRIBUTION
ASSIGNMENT

TRANSPORT ENERG
DEPENDENCE (TED

)
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Transporbdenoiceodel

dod=shortestpath

yes walking

dod < dw

\ 4

distance TRANSIT DENSITY
THRESHOLD
T BUS 6.67 Km/kn?
d(?yc INg LRT 3.30 Km/kn?
Istance METRO 2.50 Km/kn?
Choice Distance
: WALKING <500m d
ransitstop density > transit CYCLING  |<1000m dog
thresho I
distance BUS <300+300m Stop accesgegress
LRT <600+600m Stop accesdegress
no > _ car METRO <800+800m  |Stop accesdegress
distance
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Optimal demand flows assignment

THE TRANSPORTATION PROBLEM

min(Z) =aa G X;

i=1 j=1

5.1 (5 ‘ o) _a, Hillier and Lieberman, 2001
"t""w-\_--/l L.'I‘!r.'
2
NW
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Transport Energy Dependence

Xijopt Cij
e
VO N
00 ° WJ;
tog number of trips assignedfrom zone o to zone d to minimize Z
(passengers)
log shortestistancenetweerzoneo andzoned (km)
e, unit energyconsumptiorof the chosertransporimode(kWh/km)
C, capacityof thevehicle(spaces)
LF, loadfactor (passengers/spaces)
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Unit energy
Mode of transport consumption

kWh/pax-km
RegulaBusTransit 0.325
BusRapidTransit 0.192
Metro Transit 0.133

Kenworthy(2003)
306
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CasstudhCatania

" 300.000inh. municipality | 7

B (Yj
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population
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TAVOLA 3/a ‘
DISTRIBUZIONE DEGLI ADDETTI |
AREA URBANA | Coilci 1ol

piano generale del traffico urbano della citta di catania
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