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Research objectives 

• Highlight the impact of transport on energy sustainability in urban 
areas and on EU targets on climate change 

• Set up a methodology to calculate a transport energy indicator to 
support the delivery of sustainable land use and transport urban 
plans 

• Test the methodology in  a case study 
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Transport Energy impacts 

• 1/3 of energy 
• 70% of oil 
• 1/3 of CO2 emissions 
• 50% in urban areas 
• 2.5% average traffic growth rate 
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EU
 Energy and Transport in Figures 

St atistical Pocket book 2013 
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Transport Energy Efficiency 
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EU
 Energy and Transport in Figures 

St atistical Pocket book 2013  
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INTRINSIC ENERGY INEFFICIENCY OF CARS 
less than 2% of consumed energy is used by the payload 



Urban Energy Demand 

• 10.000 km/pers/year 
• 100 kwh/year/mq (including cooling and lighting) 
• Waste management and urban deliveries not included 

6 Research Question Methodology Case Study Results Conclusions 

CAR 
60% BUS 

10% 

LRT 
10% 

METRO 
5% 

W/C 
15% 

MODAL SHIFT 

http://www.passivhaushomes.co.uk/whatisph.html 

2000; HEATING

1333; ELECTRICITY6083; TRANSPORT

ENERGY (KWH/PERSON/YEAR)



How to reduce urban transport energy 
demand 
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Urban density and transport energy 
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Hong Kong 

Houston 



literature 

• High density and job-housing balance to reduce VMT (Marique and Reiter, 2012) 
• Proximity home to work more important than mode choice (Boussaw and Witlox, 

2009) 
• Urban density affects fuel consumption mostly through variations in the car 

stocks and in the distances travelled more than fuel consumption per km 
(Karathodorou et al., 2010) 

• Mindali (2004) found a weak correlation between density and energy 
consumption and questions the method of Newman and Kenworthy 

• Spatial distribution and dynamics more important than average density (Bertaud, 
2004) 
 

• Most of these works use travel distance and travel mode taken from national 
statistical data 
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literature 
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output approach topic 

indicator output reference 

CEP Commute-Energy Performance index  Actual energy Boussauw and Witlox (2009) 

IPE Energy Performance Index  Actual energy Reiter and Marique (2012) 
TES Transport Energy Specification Ideal energy Saunders et al. (2008)  

TED Transport Energy Dependence Ideal energy Inturri et al. (2014)  

Transport 
energy indicator 

Statistical (data) 
Actual 

consumed 
energy 

Modelling 
(simulations) 

Potential 
minimum 

energy 



Average Density vs Spatial Dynamics 
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Urban village 
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Random polycentric 

Random and radial 
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Land Use- Transport – Energy model 
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Transportation Network

Spatial Interactions

Land Use

P L A N N I N G  S C E N A R I O  

-Vehicle by fuel type 
-Vehicle Energy 
Intensity  

ENERGY MODEL 

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

TRANSPORT MODEL 

-Zoning 
-Residents by zone 
-Activities by zone 
-Demand flows 

LAND USE MODEL 

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

MODE CHOICE MODEL 

OPTIMAL DISTRIBUTION 
ASSIGNMENT 

TRANSPORT ENERGY 
DEPENDENCE (TED) 

TED<TED* IMPLEMENT 
SCENARIO 

YES 

NO 



Transport mode choice model 
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dod=shortest path 

dod < dw 

dod < dc 

transit stop density > 
threshold 

walking 
distance 

cycling   
distance 

transit 
distance 

yes 

yes 

yes 

no 

no car 
distance 

Choice Distance  
WALKING <500m dod 
CYCLING <1000m dod 
BUS <300+300m Stop access/egress 
LRT <600+600m Stop access/egress 
METRO <800+800m Stop access/egress 

TRANSIT DENSITY 
THRESHOLD 

BUS 6.67 Km/km2 

LRT 3.30 Km/km2 

METRO 2.50 Km/km2 



Optimal demand flows assignment 
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Transport Energy Dependence 
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𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠 = � � 𝑡𝑡𝑜𝑜𝑜𝑜 ∙
𝑜𝑜𝑜𝑜

𝑙𝑙𝑜𝑜𝑜𝑜 ∙
𝑒𝑒𝑣𝑣

𝑐𝑐𝑣𝑣 ∙ 𝐿𝐿𝐿𝐿𝑣𝑣
 

Mode of transport 
Unit energy 

consumption 
kWh/pax-km 

Private Car 0.71-0.57 

Regular Bus Transit 0.325 

Bus Rapid Transit 0.192 

Metro Transit 0.133 

tod number of trips assigned from zone o to zone d to minimize Z 
(passengers) 
lod shortest distance between zone o and zone d (km) 
ev unit energy consumption of the chosen transport mode (kWh/km) 
cv capacity of the vehicle (spaces)  
LFv load factor (passengers/spaces) 

Kenworthy (2003)  

X ijopt c ij 



 nxn matrices 
Flow matrix 

[pass] 

? 
Flow matrix 

 
[pax] 

min(Total energy) 

Optimal demand flows assignment  
(n zones) 
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dod=shortest path 

dod < dw 

dod < dc 

transit stop density > 
threshold 

walking 
distance 

cycling   
distance 

transit 
distance 

yes 

yes 

yes 

no 

no car 
distance 

Distance 
matrix 

[km] 

 
 

Energy 
matrix 
[kWh/pax] 

 
 
 

 

Total energy [kWh]= flow matrix*energy 
matrix [pax*kWh/pax] 

𝑙𝑙𝑜𝑜𝑜𝑜 𝑙𝑙𝑜𝑜𝑜𝑜 ∙
𝑒𝑒𝑣𝑣

𝑐𝑐𝑣𝑣 ∙ 𝐿𝐿𝐿𝐿𝑣𝑣
 𝑡𝑡𝑜𝑜𝑜𝑜 

𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠 = � � 𝑡𝑡𝑜𝑜𝑜𝑜 ∙
𝑜𝑜𝑜𝑜

𝑙𝑙𝑜𝑜𝑜𝑜 ∙
𝑒𝑒𝑣𝑣

𝑐𝑐𝑣𝑣 ∙ 𝐿𝐿𝐿𝐿𝑣𝑣
 



Case Study - Catania 
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300.000 inh. municipality 
500.000 inh. urban area 
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population jobs public services 
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Private 
transport 
demand 

Public 
transport 
demand 



Car ownership rate  (cars per 100 inh.)  

tasso di motorizzazione aree metropolitane di Italia

V
en

ez
ia G

en
ov

a

Tr
ie

st
e

Fi
re

nz
e

M
ila

no

B
ar

i

N
ap

ol
i

R
eg

gi
o 

C
al

ab
ria

P
al

er
m

o

To
rin

o

C
ag

lia
ri M
es

si
na

R
om

a

C
at

an
ia

E
ur

op
a

Ita
lia

M
ed

ia

B
ol

og
na

40,00

45,00

50,00

55,00

60,00

65,00

70,00

75,00
au

to
ve

ttu
re

 p
er

 1
00

 a
bi

ta
nt

i

Research Question Methodology Case Study Results Conclusions 

Car ownership rate of  Italian metropolitan areas 
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Mode share 

23 

31% 

23% 

5% 

41% 

Student mode share in Sicily 
(ISTAT, 2014) 
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Worker mode share in Sicily  
(ISTAT, 2014) 
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Ingoing flows 20.000 veh/h 

50% of internal flow 
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Road 
capacity 
saturation 

Peak hour 
traffic flow 



Catania Land use Model 
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    kindergarten 
    primary school 
    lower secondary school 
    upper secondary school 
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Student population 

Residents aged 
3-18  

82,000 

University 
students 

44,000 

N of school 
sites 

148 

University sites 16 

Zoning Schools (blue) and university sites (black) 



• Transport demand: 
• Only students’ flows (5 trips/week) 

• Transport supply:  
- road network 

- 516 nodes  
- 1122 links; 

- transit network 
- 49 bus lines 
- 4 BRT lines  
- 1 metro line.  

• PTV VISUM software package: 
shortest paths between each OD 

by each mode of transport 
transit intermodality included 

 

Catania Transport Model 
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Shortest path by car 

Shortest path by transit 
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Lower and upper secondary school, university 

Transport mode choice model 
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dod=shortest path 

dod < dw 

dod < dc 

transit network 
density > threshold 

walking 
distance 

cycling   
distance 

transit 
distance 

yes 

yes 

yes 

no 

no car 
distance 

Choice Distance  
Walking <500m dod 
Cycling <1000m dod 
Regular Bus Transit <300+300m Stop access/egress 
Bus Rapid Transit <600+600m Stop access/egress 
Metro Transit <800+800m Stop access/egress 
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no 

no 

Kindergarten and primary school 

Transit 
network 

Maximum 
walking 

distance (m) 

Transit density 
threshold (km/km2) 

Regular Bus 
Transit 300 6.67  

Bus Rapid 
Transit 600  3.30  

Metro Transit 800  2.50  



Scenario 0 - Reference scenario 

Transit network Road network 
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Scenarios 1,2 - Transport Policies 

Sc.1: improving walking accessibility to PT Sc.2: enhancing PT (BRT and Metro) 
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Scenarios 3 - Energy Policies 

EURO 0 
29% 

EURO 1 
11% 

EURO 2 
24% 

EURO 3 
19% 

EURO 4 
13% 

EURO 5 
4% 

EURO 6 
0% 

SC 0 
EURO 0 

10% 
EURO 1 

7% 

EURO 2 
26% 

EURO 3 
24% 

EURO 4 
11% 

EURO 5 
11% 

EURO 6 
11% 

SC 3A (BOLOGNA) 

EURO 0 
0% 

EURO 1 
0% 

EURO 2 
24% 

EURO 3 
19% 

EURO 4 
13% 

EURO 5 
4% 

EURO 6 
20% 

Hybrid 
20% 

SC 3B: 50% HYBRID 50% EURO 6 
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EURO 0 
0% 

EURO 1 
0% EURO 2 

24% 

EURO 3 
19% 

EURO 4 
13% 

EURO 5 
4% 

EURO 6 
0% 

Hybrid 
40% 

SC 3C: ALL HYBRID 



Scenarios 4 – Land use Policies 
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Scenario 5 – 1,2,3c,4 all in one 

Comprehensive schools 

University sites 

kindergarten 

University sites 

Primary 

Lower secondary 

Upper secondary 

Student population Education sites 



Results (1/3) 
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Transport policies 

Energy policies 

Land Use policies 

All in one policies 

11% 
2 % 4 % 

14% 21% 12% 
35% 



Results (2/3) 
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Results (3/3) 
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Transport policies 

Energy policies 

Land Use policies 

All in one policies 

10% 3% 4% 14% 21% 3% 29% 
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Transport Energy Dependence for different 
purposes 

TEDstudy (kWh/student/year)  TEDwork(kWh/worker/year)  



Conclusions (1/2) 

• Method that integrates land use, transport and energy models to evaluate the 
Transport Energy Dependence (TED) of a city 

• Case study of the urban area of Catania to evaluate the transport energy required 
for home-to-school/university trips and to assess the impacts of different 
planning scenarios 

• Results show the sensitivity of the model to assess the cumulative effects of 
different policies: density, functional mix, public transport accessibility and 
performance or vehicle energy efficiency  

• It does not calculate the actual transport energy consumption of a city or a 
neighboroughood but if a planning scenario is consistent with the sustainability 
objectives 

• The method could part of the Energy Assessment of urban plans (land use, 
transport or energy plans (e.g. SEAP)), where TED standards might have been 
fixed as target for their approval 
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Conclusions (2/2) 
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Further research 

• Higher resolution zoning 
• Explict representation of pedestrian and cycling network 
• Different categories of workers and jobs 
• Non commuting mobility (shopping, etc.) 
• Better transit accessibility measures 
• Test the model in ideal contexts of urban form, land use, transport 

and vehicle fleets 
• Accessbility – transport energy coorelations 
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