A method for evaluating transport energy consumption

In suburban areas

1. INTRODUCTION

The process of urban sprawl, which commonly dessrjthysically expanding urban areas, is a majaeiss
for sustainable development (European Environmeygngy, 2006). Urban sprawl is known to represent a
significant contribution to the overall energy comgption of a territory for energy needs in buildsrand for
transport. In fact, for the same standard of insutadetached houses need more energy for heditimg
terraced houses (Marique and Reiter, 2010). Momreeuburban developments have created fartheraspati
separation of activities, which results in an img® in travel distances and transport energy copisom
(Silva et al., 2007). In suburban residential nbmoods mainly composed of detached houses aad oft
located far away from city centers, car ownershipften high and public transport is generally less

available, which tends to favor the use of privGes.

Although the environmental impact of urban spramd ancontrollable urbanization are receiving an
increasing amount of attention and may give riseaious issues, such as environmental pollutiolarge-
scale climate change (CPDT, 2002; He et al., 20tbBan Task Force, 1999; Young et al., 1996), arspite
the growing importance of the energy issues inipul#bate, low-density suburban developments coatin
to grow, regardless of their location. Such develepts are found all over Europe, the United Staibels
even emerging countries (Nesamani, 2010; Silvd ,e2@07; Yaping and Min, 2009). An evaluation be t
sustainability of these suburban neighborhoodeégssary and requires appropriate methods and tools
especially as far as the private transport is covexk In fact, transport energy consumption islyasken
into account when the sustainability of these sbénrstructures is studied, even if sharp fluctustio oil
prices and reduction efforts in greenhouse gaséssams play an important role in current discussiand
policies. Even new districts that set themselveasifeco” or “sustainable” are sometimes builtffam city
centers and are not necessarily very sound froetalogical point of view because of higher transpor

energy consumption (Harmaajéarvi, 2000).
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Section 2 presents a brief review of the literatetating to the interdependences between spaséinhng
and transport energy consumption. Section 3 deszalquantitative method that was developed tsasse
transport consumption at the neighborhood scatedate a decision-making tool, to highlight the thos
efficient strategies needed to promote awarena$soagive practical hints on how to reduce energy
consumption linked to urban sprawl. Statisticahdatailable at the neighborhood scale and charstitsrof
cars and public vehicles were used to predict pramsieeds and assess consumption as far as hewako
and home-to-school travels are concerned. “Typéitesd were developed to complete this approach and
give an approximation of transport energy consuomptelated to leisure and commercial purposesi@edt
presents an application of this method concerniognaparison of four suburban districts locatechim t
Walloon region of Belgium, which confirms that theethod is applicable and practical. Finally, Sewtié

and 6 summarize our main findings and discusseheoducibility and the limits of this approach.

2. BACKGROUND TO THE EVALUATION OF TRANSPORT CONSURTION

In the current context of growing interest in envimental issues, reducing energy consumption in the
transport sector, which represents 32% of the dvemargy in the European Union (the building secto
represents 37%), appears as an important poliggtékaizia et al., 2009). Politicians, stakehaoddend
even citizens are now aware of the issue of enemggumption in buildings, namely through the pagsih
the European Energy Performance of Buildings DiveoqtEPBD) and its adaptation to the Member States
laws; however, efforts and regulations to contr@hsport needs and consumption are more limited.
Nevertheless, although transport and mobility drenoneglected, they are crucial in terms of urfarawl
because global oil use has allowed the appeardrsgrawling urban forms (Jenks and Burgess, 2002).
Therefore, the performances of transport netwoeksrdthine whether a piece of land is of interest to

developers who are likely to expand towns (Hall&2608).

Existing scientific work dealing with transport eumption is mainly concerned with dense urban areas
focusing on relationships between transport eneogyggumption and building density, and this work aera
undecided on the effects of densification stratefpe the reduction of transport consumption. Mai al.
(2009) and Steemers (2003) argue that more comyplaah forms would significantly reduce energy
consumption both in the building and transport@ectBased on data from 32 big cities locatedadr ¢the
world, Newman and Kenworthy (1989, 1999) have hgitied a strong inverse relationship between urban
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density and transport consumption, but their werérnly valid for certain conditions and is ofteiticized
by other works (Mindali et al., 2004; Owens, 1988inly for methodological reasons. Banister (1992)
applied the same kind of approach to British citied highlighted, on the basis of statistical addttined
from a national survey, that transport energy comsion is slightly higher in London than in smalgties,
which refutes Newman and Kenworthy observationsrBet and Crane (2001) are also skeptical on the
relationship between urban design and transpod\iets. On the basis of several case studies,abiéyate
that if the use of the soil and the urban form intfieansport behaviors, it is through the pricéra¥el
(public transport prices are reduced in dense ar€asdon and Richardson (1997) demonstrated tifiaeli
prices are included in the analysis, urban demsity plays a limited role on energy consumption in
transport. Ewing and Cervero (2001), on the basésrmimber of case studies, concluded that thedigfa
urban density on car travel reduction stays matgiiasticity is evaluated at -0.05, which mearet ihthe
density of a district is multiplied by two, privatar commutes are only reduced by 5% because oisthef
congestion. Finally, Breheny (1995) has emphasmiedr reductions in transport energy consumption
thanks to the compact city model. His experimehtaisthat, even under very strict conditions that ar
difficult to reproduce, energy used in transporildanly be reduced by 10 to 15%. More recently,
Boussauw and Witlox (2009) have developed a comangzgy performance index and tested it for Flasder
and the Brussels-capital region in Belgium, inahgdiural and suburban parts of these territorees, t
investigate the link between spatial structure emergy consumption for home-to-work travels at the
regional scale. This method is based on statistiat available at the district scale, taking extoount
commuting distances, modal shares of non-car traeeles and aspects of infrastructure. This indiexval
for a better understanding of the energy consumpéeels for commuting (home-to-work travels) ities

and less dense areas.

3. THE METHOD

We have developed a quantitative method to aseassport energy consumption, in suburban aredkeat
neighborhood scale. Energy consumption in trangpamntfact an interesting indicator because & is
composite measure of travel distance, modal ctemckjourney frequency (Banister, 1998; Muniz and
Galindo, 2005). The method takes into account fauposes of travel (work, school, shopping andutels
and will help us have a better understanding oféiggonal suburban situation, find the most relévan
indicators to reduce transport energy consumptisuburban areas and compare different stratefies o
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intervention in these specific types of structutesill help to fill the critical lack of evaluatin tools that
local authorities could use to evaluate new andtiexj residential developments (Tweed and Jondx))20

especially those dedicated to transport and logatio

The method proposed in this paper only deals wéthsport energy consumption, which is one of theeth
parts of an overall method that aims at perforntivegtotal energy modeling of suburban areas. Theptzte
package includes the energy assessment of buildiragsport and public lighting, and addresses thei
influences at the neighborhood scale because,ietleurban context has been mostly neglectediitding
energy analyses so far, decisions made at the lm@ilghod level have important consequences on the
performance of individual buildings and on the §port habits of the inhabitants (Popovici and Petigro
2004). Marique and Reiter (2010; In press) desdrthe first part of the method, dedicated to thergy
assessment of suburban houses, at the distriet, stal presented its application to three typichlsgban
districts. The overall method has also the advantd@llowing the comparison between the energy
requirements in the building sector and in thedpamt sector, and thus, for every specific disttmt

highlight which strategy would be the most effidiemreduce the overall energy consumption.

3.1 Home-to-work travels

To assess energy consumption relating to home-té-tkavels, we adapted and completed the performanc
index developed by Boussauw and Witlox (2009) fanEers. In fact, the statistical data used inRiegnish
commute-energy performance index are also avaifablidne Walloon part of the country. However, athe
important parameters are not taken into accouttitdrapproach developed by Boussauw and Witlox (2009
such as type of fuel, characteristics of the Igeddlic transport network in suburban areas (sigaift
differences exist between cities and suburban beigtoods), number of working days per workers, pre-

transportation, etc.

The input data come from the national censusesg;hwdnie carried out every ten years in Belgium ard a
available at the census block scale (the smalksgrgphical unit in which data are available ingaeh).

We have considered the two last censuses, resplyctiarried out in 1991 and 2001. One-day travahdi
data from male and female heads of households wger@. For these households, information was availab
in each census block about car ownership, traghdces, main mode of transport used, the number of
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working days per week and per worker, etc. togethttr their demographic and socioeconomic situation
The survey only concerns two purposes of travahéno-work travels and home-to-school travels, Whic

represent the majority of travel.

To determine the total number of kilometers loggadually by various modes of transportation for betor
work travels, the first step of the method is tonbine the number of workers in a census block ttieh
number of travels per week (thought the repartitbthe number of working days in the census blptte
distance travelled for home-to-work travel (one hwayd the modes of transport used (car, bus, train,
motorbike, bike or on foot) in this census blockc@trection factor was applied to short distaneageed by
train and long distances covered by bus to keepeth&onship between the mode and the distaneelteal.
As distances travelled per mode of transport ageegated by census block in the national survey, th
correction factor was calculated for each censoskhlon the basis of the following assumptiongstty
train shorter than 5 kilometers and trips by bugtr than 30 kilometers are spread over the otifasses of
distances. Non motorized trips (bike, on foot) weoéconsidered in the following calculations besmathey
do not consume any energy. Motorbike trips werdautgd because they represent a very small part of
home-to-work and home-to-school travels. In additibthe main mode of transport used was the tram
also took into account travels from the house éottthin station to investigate the role of homestiamtion
travels in total transport energy consumption. iuele of transport used for home-to-station trawels
determined by a Geographical Information Systengj@kcording to the distance travelled and the bus

services available in each district.

Distances covered by diesel cars were separatedtfrase covered by fuel cars according to the redio
distribution of the vehicle stock in the Walloomgien (55% diesel and 45% fuel cars). The final stkfhe
method consists in allocating consumption factorthé distances covered in each category of vehicle
(diesel car, fuel car, bus or train) to convertdigances into energy in terms of kilowatt hodV{¥. The
unit of energy, kwWh, was chosen to allow a comparisetween energy consumption in transport with
energy consumption to heat buildings in the overathod (Marique and Reiter, In press). Consumption
factors take into account the mean consumptiohefhicles (liter per km), the passenger ratetlaad

characteristics of the fuel (Table 1). For thertréihe consumption factor used depends on the ptioduof
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electricity as trains in Belgium are electric. Maue used in this paper was calculated, for Balgioy

CPDT (2005).

Table 1
Consumption factors (per km and per person) usednwert kilometers into kwWh, based on regional mea

values

Type of vehicles

Characteristics Diesel car Fuel car Bus Train

Consumption per

0.068 1. 0.080 I. 0.46 I. -
kilometer
Occupancy rate 1.2 1.2 10 -
Density of the fue

0.859 0.745 0.859 -
(/1000 1. in toe)
Factor 0.6134 0.6259 0.4986 0.3888

Finally, we divided the total amount of energy aemgtion for home-to-work travels per census blogkhe
working population that lives in the consideredaatiee obtain an index that gives the mean annuabgne

consumption for home-to-work travels for one worlkeéng in the considered district.

3.2 Home-to-school travels

The method developed for home-to-work travels $s alpplicable to home-to-school travels because the
same types of data are available in the nationaw® Instead of using the number of working dewsused
a mean number of days of school per year. The antalunt of energy consumption for home-to-school
travels per census block was divided by the nurobstudents living in the census block to give tinean

annual energy consumption for home-to-school tsafe# one student living in the considered censoiskb

3.3 Others purposes of travel

As previously mentioned, home-to-work and homeetoe®! travels represent only a part of the mobiity
household. Leisure and shopping are two other itapbpurposes of travel (Hubert and Toint, 2002).
Unfortunately, national censuses do not give infatian about those purposes of travel. As a resglthave

developed a simplified calculation to take into@at home-to-leisure and home-to-shop travels and
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compared them to home-to-work and home-to-schawkts to give a more complete image of the energy
consumption for transport in a district. This apgmio was based on “type-profiles”. According to seci
economic data, we have established several refiagisentypes of households living in a districtganily
with two children, two elderly persons, a couplainémployed people, etc.) and attributed, to epoh of
households, mobility characteristics for home-togshnd home-to-leisure travels. These characesisti
mainly concerned distances travelled from homéapor leisure activities (according to the geogiegl
location of each district) and the frequenciesa¥¢ls (according to the socio-economic compositibiine
household). The mode of transport used was detedh@ocording to hypotheses made on the distances to
travel, the distance to bus stops and the buscseravailable. This required information was cadddy
using a GIS. Different locations were taken intoamt: proximity shops, suburban shopping centeds a
main city centers. Finally, households are now kmaavtry to combine different trips to minimize @inces
(Wiel, 1997); therefore, a correction factor carapelied to distances to take these “chained tiipts’

account. At the end, we are still able to distisputhe contribution of each mode in the final resul

4. APPLICATION OF THE METHOD

4.1 Specificities of the Walloon region of Belgiand case studies

Urban sprawl is familiar in many European regiond aountries and particularly in the Walloon regadn
Belgium, where 52% of the building stock is madelefached or semi-detached houses (Kints, 2008).
Because of the personal preferences of Walloondimlds for single family houses with large gardiens
rural environment, and the regulatory frameworkioltallows this kind of developments to grow, urban
sprawl is now a concern in a large part of theaeai territory. The Walloon urban sprawl preseetgesal
specificities in comparison with the neighboringioss and countries. According to cadastral datn(\éste
et al., 2007), 50% of Walloon census blocks preaantan housing density in the range between 32nd
dwellings per hectare, which is very low. In conmgan to Flanders, where public authorities are hging
to reduce the size of the plots in new developmeamtthe Netherlands, where land supplies are ridsiity
very limited, land pressure stay limited in the Wah region and land supplies are still availabléarge
guantity. Moreover, Walloon suburban districts moé developed in continuity with dense urban cencer
rural cores but are spread out on the whole regtendgtory according to land supplies availabilagd car

accessibility (which is high because the transpetwork is very developed all over the Walloon oggi
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The majority of those districts are only residentaen if urban sprawl also concerns commercial or

industrial functions.

As far as mobility is concerned, the dependendbexe suburban areas upon cars is huge. Natiowalysu
held every ten years in Belgium show that car oslmigris higher in suburban areas than in more dignse
populated areas (Verhetsel et al., 2007). Accorthripese surveys, distances from home to worlaksie
higher in suburban areas than in more densely ptguliareas because these neighborhoods are often
developed far away from city centers where moshefemployment areas are located. Moreover, beaduse
the low population density of the Walloon suburbaighborhoods, public buses are often availablegt

low frequencies with low commercial speed and diocoastitute a credible alternative to individual

mobility.

An application of the method is presented conceritie comparison of four existing suburban
neighborhoods in the Walloon region of Belgium. &ithat urban sprawl is observed throughout thdevho
region, one representative suburban district has belected in every urban region identified ingdeh,
namely by Sporck et al. (1985), whose aim was ésgmt a typology of the Belgian urban regions and t
define their borders. This typology was used in atous studies and research about urban sprawl,
specifically in two statistical censuses held i98@nd 2007 (Luyten and Van Hecke, 2007; Merenne-
Schoumaker et al., 1998). The “operational agghatien” was based on the morphological agglomenatio
or dense urban core. Its limits were determinethkycontinuity of the building stock and adapted to
administrative borders. The “suburbs” were the isourban area of a city. Areas located furthemfthe
city, while keeping strong relationships with tidugh home-to-work travels), constituted the ‘taléding
migrants area,” whereas remaining areas were rpgrbunder the “other areas” term and representaach
less dense areas located far away from city centesmain characteristics of the four neighbortsoac

presented in Table 2.

Table 2

Main characteristics of the four studied neighbod®

Studied areas (suburban neighborhoods)

Characteristics ~ Jambes Fontaine Rotheux Tintigny
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“operational
Urban area suburbs” “alternating migrant$dther areas”
agglomeration”

Main types of  Detached houses Semi-detached and Rural core, farms, Detached houses

houses (pretty new) terraced houses detached houses  (pretty old)
Distance to city 6 km 9 km 17 km 29 km
center

Distance to train
6 km 9 km 15 km 8 km
station

Bus services Low Good Low Very low

4.2 Main results and key indicators
The application of the method developed in seciom the four representative suburban neighborhoods

presented in section 4.1 gave the following reqilgble 3):

Table 3

Index for home-to-work, home-to-school and hometiop-and-leisure travels

Studied areas (suburban neighborhoods)

Index Jambes Fontaine Rotheux Tintigny

“operational “suburbs” “alterning migrants™other areas”
agglomeration”

Home-to-work

4 646 3945 4782 5785
kWh/worker.year
Home-to-school

888 429 2152 2376
kWh/student.year
Home-to-shop and
home-to-leisure 599 414 1335 2216

kWh/person.year

The first main finding of the application of the thed to the four case studies was that, in eacd, tasne-

to-work travels represent the most important pathe total energy consumption. Home-to-schoolétsy
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which were calculated with the same kind of dath thie same method, can thus be easily comparalelg; t
consume less energy per capita than home-to-wavkls. The first explanation is that distances ftame
to school are shorter than distances from homeoti.vBeveral schools are indeed located in mostddial
towns, even in the more rural ones, whereas warktions remain concentrated in bigger cities argbime
suburban business parks. Moreover, the use ofgtrhlisport is higher for home-to-school traveémtifor

home-to-work ones which could also explain thedya#sults obtained for home-to-school travels.

Home-to-station travels were included in the prasicesults and represent between 0.9% and 3.7%naé-h
to-work travels and between 1.1% and 4.8% of hamrsehool ones, whereas the modal part of the waim
very low. These results show that it is importantatke home-to-station travels into account in soéan
areas. Moreover, trying to increase the modal gfattie train in suburban areas should be a goatkesjy,

but only if alternatives to individual car are posped for home-to-station travels.

Annual home-to-work and home-to-school energy conion was higher in the two residential districts
located far away from city centers (Tintigny andfi®ux), whereas home-to-work consumption was high i
Jambes, but home-to-school consumption was loveer ith others districts. As Jambes is located clusar

big city center (6 kilometers), students can maslg use alternative non polluting modes of tramsp

Home-to-shop and home-to-leisure travels reprasetmteen 62.0% and 96.5% of the annual energy
consumption for home-to-school travels, as seéralsie 3. These values mainly depend on the dissaace
shops, services and leisure. The more equippededigbborhood and its surrounding are, the smdiker t
energy consumption rate for home-to-shop and hasleigure travels is. As those purposes of trawelie
calculated according to “type-profiles” and not@ueting to statistical data, results were not asisbhs
home-to-work and home-to-school consumption butnsiegive credible results. Shops and leisure,gast
schools, are spread out on the whole region, evemost rural areas (rural core, suburban centarg, e

which allow for reduced distances from home toidagbn.

4.3 Sensitivity analyses
Several sensitivity analyses were performed totiflethe most relevant indicators that act upomsgort
energy consumption. Since the main key indicatoas $eem to be highlighted by the first resultsentbe
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distance between home and final destination anubkeservices, the first sensitivity analysis death the
location of the districts. If we consider, as atfapproach, that all the studied neighborhoodp Kesir
socio-economic characteristics but could now berfefin the same good location than the neighborhood
presenting the lowest energy consumption rate @xoateighborhood, close to a city center, good bus
services, higher mix in functions), energy consuamptelating to home-to-work and home-to-schooléta
decrease significantly: -55.4% in Tintigny, -22.5%%ambes and -32.4% in Rotheux, mainly becaugs tri
by car are shorter and less numerous. These réggiitight that location is paramount as far asgpeort
energy consumption is concerned. To try to isdlaéeimpact of the distance, we then consideredttieat
distances between home and work and between hodngchnol mentioned in the national census were
reduced by 10% in a first theoretical calculatiod &y 20% in a second one. These simulations coatir
that the impact of distances on energy consumjitisgransport is high (see Table 4). However, thresealts
remain purely theoretical because it is not posdibichange the location of existing neighborhoods.
Nevertheless, these results show the importanpeoofoting the implementation of future neighborheod
areas close to large employment centers and seraimtincreasing the population of these areas titesn

are already built.

The third type of sensitivity analysis deals witle €nergy consumption of the vehicles. If we cosrgid that
the performances of all the vehicles (fuel consumnmpper mode) are improved by 10%, which is a diedi
approach, home-to-work and home-to-school energguwmption decrease from 6.6% to 9.6%. These
savings are further improved if the performancethefvehicles are improved by 20%. If only the
performances of public buses are improved, regultavings for home-to-work and home-to-school tikave
are low: energy consumption only decreases by 10/%7% because the modal part of the bus is wavy |
in these districts. Therefore, improving the parfances of public vehicles will only give good réstih

areas where buses are used by a large part obthégpion.

To favor home-workers is also a credible strategietiuce transport energy consumption. It was Gatled
that if 5% of the workers of a district are allowtedwvork at home, energy consumption savings (htome-
work and home-to-school travels) are in the rarfg2 2% to 3.6%, according to the district. If thergentage

of “home workers” rises to 10%, energy reductioas each 6.9%.
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The last type of sensitivity analysis deals withdalaransfer. If we considered that, in each distd0% of
the workers who used a car to go to work will chatigeir habits and use the bus, then energy cortgamp
(home-to-work and home-to-school travels) are redury a maximum of 3%. If the modal transfer rises
20%, energy consumption reductions can reach 58aénof the four studied areas. If modal transfes d
with home-to-work travels and home-to school trayehergy savings are higher by up to 8%. Theretbee
mode of transport used (car, train or bus) haspimparison with other strategies, a smaller impact
transport energy consumption relating to home-tokvemd home-to-school travels. Even if a car hievel
of consumption per kilometer higher than trainboeses, home-to-work travels and home-to-schooétsav
made by train are much longer, and the differebedween energy factors for car and for bus is pog v

important because the bus occupation rate is low.

Table 4
Summary of the sensitivity analyses: energy consiomghome-to-work and home-to-school travels)

reductions in % for each scenario tested

Studied areas (suburban neighborhoods)

Scenario Jambes Fontaine Rotheux Tintigny
1.All the districts have the same location as Foet22.5% - -32.4% -55.4 %
2(a).Distances (home to work and school):-10% 98.7 -9.8 % -9.6 % -9.7 %
2(b).Distances (home to work and school): -20%  528. -195% -19.2 % -19.4 %
3(a).Performances of vehicles: +10% -9.0% -6.6% B6%D. -9.6 %
3(b).Performances of vehicles: +20% -17.9% -13.2% 19.2% -19.1 %
3(c).Performances of the buses only: +20% -1.7% 7%2. -2.1% -2.1 %
4(a).Home workers: 5% -3.4% -2.6% -3.6% -2.3%
4(b).Home workers: 10% -6.9% -5.6% -6.8% -5.3%
5(a).Modal transfer (home-to-work): 10% -2.3% -1.9%  -2.9% -1.9%
5(b).Modal transfer (home-to-work): 20% -4.2% -3.9% -4.6% -3.3%
5(c).Modal transfer (home-to-work & school): 10%.0% -2.5% -5.0% -4.6 %

-tO- . 0,
5(d).Modal transfer (home-to-work & school): 20_@_7% -4.9% 7.8% 74%
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Table 4 summarizes the energy consumption redicfmmeach sensitivity analyses tested. The results
indicate that location is the major impact on egargnsumption. Location includes a lot of differéamttors
and it is very difficult to isolate these spatiarpmeters; however, distances from home to fingtiktion
seems to have a huge impact on transport energyogtion. The second most efficient strategy is to
improve the vehicles’ performances. Mode choice gives limited results in the existing suburban
situation. So, in the debate presented in sectiana2it the impact of density on transport energy
consumption, our results indicate that distanceafrmme to work, to school and to others activitées
paramount. As a result, rather than populationkaniding density, a good mix between work, schools,
shops and dwellings, at the living area scale, sderhe the best strategy to reduce transport gnerg

consumption in existing suburban areas.

5. DISCUSSIONS AND PERSPECTIVES

The application of the quantitative method presgimesection 3 to four suburban blocks, choserathe
urban region identified by the literature in the WWan region of Belgium, highlights that energy
performances related to transport are low andttigatise of public transport is low as well; therefo
suburban districts are very dependent on private lmacause cars are more efficient than publispaut in
these types of structures (low frequencies, lowroencial speed, etc.). The sensitivity analyses show
however, that the benefits of several renewaleggias exist: choosing a better location could gigeificant
results as far as energy performances in trangpertoncerned. Not only is this important for new
developments, but also for households who wargdaae their energy consumption and their car aed fu
costs. We have also highlighted the great influexfdee distance between home and destination etisas/
the performances of the vehicles, and the percerghgorkers working at home to a lesser extent.Haie

finally showed that increasing the modal part cddmigives more limited results in the studied areas

The method is developed and tested for the Waltegion of Belgium, where urban sprawl is a condera
large portion of the area, but it is transposablether regions and districts that are also aftebteurban
sprawl in Europe and beyond, by adjusting pararsgserch as those relating to vehicles performaacds
public transport network, on the basis on local meslues. Input data come from national surveyasrer
collected using a GIS that are both commonly usetstin numerous regions and countries. Survey#asim
to the one used in the case studies were for exacaptied out by the French National Institute @itiStics

A-F. Marique and S. Reiter, A method for evaluatiramsport energy consumption in suburban areas,
Environmental Impact Assessment Review, 2012, \3¢1Bp1-6. 16



(INSEE) in France, the Office for National Statist{ONS) in the United Kingdom or the Census and
Statistics of Population (IDESCAT) in Catalunya wées GIS oriented towards urban planning are now

largely used by researchers and territorial comtiasi

Even if many studies dedicated to transport andggneonsumption only focus on home-to-work data
because they are the most often available, thésliofithis method arise from the fact that dataualbaly
two types of trips (home-to-work and home-to-schioabels) are available in national censuses. Thgses
of travels are not representative of all trips dioasehold even if they play a founding role ibatause they
are commuting journeys and affect significanthatet! trips for leisure or commercial purposes. \&eeh
thus developed “type-profiles” to approach thiditgdout, even if this approach is also used ineosh
research, such as those performed by Cornet @045), Kritikou et al. (2009) and Saunders e{2008),
the results obtained are only theoretical and caouwently be validated by comparing them witlsitu

measures; therefore, they should be used witharauti

Finally, an interactive decision making tool, asikle on the web, is developed, on the basis ofrtethod
presented in this paper. The aim is to transfenthin results of our research to citizens and sialkers and
inject them into policy and decision making. ItMiklp developers to plan new suburban neighborfiood
and public authorities to take location and tramspoergy consumption into account when issuing
authorization to build new districts or transforgiexiting ones. Occupants and inhabitants canualedhe
tool to evaluate transport energy consumption argddervices in their districts and to test the ichjpd

different locations before choosing their futureetlimg.

6. CONCLUSIONS

Although the environmental impact of urban spramd ¢heir associated energy consumption are reqpain
increasing amount of attention, low density subnrtbevelopments continue to grow all over the world.
Aiming to reduce energy consumption linked to urbprawl, a quantitative method has been develaped t
assess transport energy consumption relating teeHomvork and home-to-schools travels at the distri
scale, which was based on statistical data availaiilhe census block scale. A simplified calcatati
completes the method, as far as home-to-shop amé-hw-leisure travels are concerned. The method is
flexible and parameterized what makes applicabtiifferent contexts and regions. The applicatiothef
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method to four existing suburban districts andsthesitivity analyses shows its potential in idsfiti§ key
parameters and strategies to improve transporggrensumption in suburban areas. A good mix batwee
work, schools, shops and dwellings in each neidiiaa, which allows reduced travel distances, sderbs
the best strategy to reduce transport energy cooisumin suburban areas, whereas means of trangpedt
is only of little impact. As highlighted in this par, it is particularly crucial that the planninfgnew districts
will be based on proper consideration of the larabf the area (distance to work places, schotis), &d

that public authority could use tools allowing theabetter take location into account.
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