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Energy use in buildings, transportation systems digtiting networks represents a significant
contribution to the overall energy consumption fthan and suburban areas. This paper presents aaodeth
to evaluate the energy consumption of suburbanhiheidioods from these three points of view, aiming t
highlight the most relevant variables linking urb&rm and neighborhoods energy consumptions. The
method includes three parts: 1) a computational rapph combining dynamic simulation tools and a
database of building typologies to determine thergy consumed in heating; 2) an empirical approszh
assess the energy consumed by transportation sygfenr purposes of travel are taking into account:
work, school, leisure and shopping); and 3) a sifigal approach to calculate the energy consumed by
public lighting. Results from the application oétmethod to three characteristic suburban neighbods
in Belgium are presented along with a life cyclergy assessment of buildings. A sensitivity ansalysis
conducted to determine the effects of building reidhborhood characteristics and of building intabi
behavior on calculated energy consumption. Reduitsy the analysis show that building insulation,

building distribution, heating system managemend aeighborhood location are critically important

factors in the energy efficiency of suburban resii# areas.

INTRODUCTION

The problems associated with energy use, such aslgtlimate change caused by the release of
carbon dioxide (Cg¢ and other greenhouse gases, are receiving aeagiog amount of attention
(Glicksman 2007). In the context of increasing emwinental awareness, energy efficiency is often
presented as a viable approach to the mitigatiodliofate change. The reduction of energy consumptio
and greenhouse gas emissions in the building amsportation sectors, which represent 37% and 32%,
respectively, of final energy use in the Europeaiod, are central policy targets (Maizia et al. 208t the
local, regional, national, and European Union IswelEurope (CEC 2005).
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In this context, the expansion of urban areas, contynreferred to as urban sprawl, has been
identified as a major issue for sustainable devakqt (EEA 2006). The environmental impacts of urban
sprawl and uncontrolled urban growth, such as am®d pollution and large-scale climate changewatke
documented (CPDT 2002; He et al. 2010; UTF 1999ungpet al. 1996). Energy consumption by
buildings, transportation systems and lighting reeks represents a significant contribution to therall
consumption in urban and suburban areas. SprawibBpa&eparates activities, resulting in an ins@an
travel distances and energy consumption in tramapon (Jenks and Burgess 2002; Silva et al. 2007).
Although opponents of sprawl argue that more compagan forms would significantly reduce energy
consumption both in the building and transportagentors (Maizia et al. 2009; Newman and Kenworthy
1989 and 1999; Steemers 2003), low-density resalesuburban districts continue to grow. Such pate
of development are found in both developed andIdpireg countries (Nesamani 2010; Silva et al. 2007,
Yaping and Min 2009).

Specific evaluation tools and methods that couldssd by local authorities, architects and devekpe
to evaluate the impacts of new and existing subudsvelopments and of suburban renewal strategies a
lacking (Tweed and Jones 2000). Existing energyoomption models for urban areas are mainly focused
on individual buildings and thus neglect the imporde of larger-scale phenomena (Ratti et al. 2005).
Moreover, although many tools have been developeslvaluate energy efficiency in buildings, they are
designed by engineers for use by other trainedneregs and are not simple enough to evaluate quibkly
performance of different design concepts or stiage@Glicksman 2003). Therefore, a method has been
developed to quickly model the energy consumptibeuburban neighborhoods, to improve their energy
efficiency and to compare different strategies whigban renewal. The main aim of this exercisenis t
highlight the most relevant variables linking uriarm and neighborhoods energy consumption in cialer
quantify their influence. The three-part methodeasses the energy consumption needed for heating
residential buildings and using transportation exyst and public lighting. It addresses the impaéts o
energy consumption at the neighborhood level becaiecisions made at this level have important
consequences for the performance of individualdingls and for the transportation habits of inhatita
(Popovici and Peuportier 2004). The method is dged and tested for the Walloon region of Belgium,
where urban sprawl is a concern in a large portibrthe area, but it is also sufficiently generat fo
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application in many other suburban areas in Eumm beyond, by adjusting parameters, such as those
relating to climate, vehicles performances or iaah characteristics.

We first describe the three components of the ntetfiben, we present results from the application of
the method to three characteristic Walloon subufidacks. To promote the most efficient development
strategies, we discuss the influence of often-uestamated parameters, such as building distribuioh
location on the energy efficiency of suburban nbathoods. We present results of this exercise and

discuss its limits. Finally, we summarize our mfaialings and discuss the reproducibility of the hoet.

METHOD

The building component

The first part of the method developed to evaliatergy consumption of suburban neighborhoods
calculates the energy requirements for buildingatihg. In fact, empirical surveys (CEEW 2007; ICEDD
2005; Kints 2008) show that heating representdhgelst part of the overall energy consumption dfide
households (76%). Home appliance, production ofwaier and cooking represent respectively 10%, 11%
and 3% of the total as shown on Figure 1, pardé&o df the home appliance item are dedicated todndo

lighting as shown on Figure 1, part b.

Figure 1, part a: Energy Consumption of Belgian $&holds according to the Type of Utilization

Figure 1, part b : Repatrtition of the Electricalphipnce

A typology of detached, semi-detached and terrdietses was established to classify the residential
suburban building stock of the Walloon region otddem. It covers only single-family buildings becau
urban sprawl in this region is predominantly resit, and it was designed for the classificatidral
residential suburban neighborhoods of the Wall@gion. This typological approach, also used by Sate
al. (2001), Maizia et al. (2009) and Popovici (2006 based on the following factors: common owhigrs
the area of the house in square meters (m?), thibeuof levels and the date of construction. Fge a

categories (pre-1950, 1951-1980, 1981-1995 and -2998) are considered based on the evolution of

AF. Marique and S. Reiter, 2012. A Method to eadithe energy consumption of suburban
neighborhoods, HVAC&R Research 18 (1-2), 88-99.



regional policies concerning building energy pariance and the evolution of construction techniques.
These age categories are used to approximate a theanal conductivity of external facades from a
“standard” composition of facades and glazing lagteés for buildings in each category (Table 1). An
additional age category will be added eventually fiouses built after 2008, as the European Energy
Performance of Buildings Directive (EPBD) was adaptn Walloon regional laws in 2008 and will be
completely integrated by September 2011. The EP®bich will significantly reduce the energy
consumption of residential and tertiary buildingsltbafter 2008, aims primarily to establish minimu
standards on the energy performance of new buidamgl existing buildings larger than 1000 m2 sulijec
major renovation (EP 2002).

Table 1. Main Characteristics of External Fagadesd Glazing by Age Category

Pre-1950 1951-1980 1981-1995 1996-2008

Wall composition ~ Concrete blocks Concrete blocks Concrete blocks €oncrete blocks +
30 mm (1.18in.) 60 mm (2.36 in.)
insulation insulation
Roof composition Clay tiles Clay tiles Clay tiles + 80 mm Clay tiles + 100
(3.15 in.) mineral mm (3.94 in.)
wood mineral wood

Slab composition 140 mm (5.51in.) 140 mm (5.51in.) 140 mm (5.51in.) 140 mm (5.51in.)

concrete concrete concrete + 30 mm concrete + 60 mm
(1.18in.) (2.36in.)
insulation insulation
Glazing type Simple glazing Standard double Standard double  Standard double
glazing glazing glazing
Glazing U, 4.08 2.96 2.76 2.76

W/m2K

AF. Marique and S. Reiter, 2012. A Method to eadithe energy consumption of suburban
neighborhoods, HVAC&R Research 18 (1-2), 88-99.



Our classification of buildings currently includég types of houses. The most common type in the
Walloon region is the single-family detached hobsit on a large plot (1000 m2 (1,196 sq. yd) orre)p
with one ground floor and one story under the attid with a surface area in the range of 120 n3 €%
yd) to 150 m? (179 sq. yd). This type of house,clifas spread rapidly since the 1950s, still ctuies
the ideal housing standard for many suburban haldgh

Renovations and improvements made by home ownershan captured. Cadastre mentions, at the
individual scale, the buildings that have undergaignificant upgrades together with the year of
construction and the year of the improvement wdrke most common upgrades consist in adding
insulation in the roof and replacing windows. Fallng Verbeek and Hens (2005), insulation of thef iso
the most effective and durable measure for eneegippmance increase of Belgian households. As gddin
insulation in the slab and the walls is pretty réavERW 2007) retrofitted buildings energy consumptie
improved but do not reach the actual standard.

Using this classification, an energy consumptioralgsis is performed with thermal simulation
software (Pleiades + Comfie) that includes a tltieeensional modeler and an interface for the ingfut
thermal information (climate conditions, buildingatarials, internal conditions and periods of usehef
house). We modeled the energy required to heat @ehof building as well as potential solar gaims
vertical fagades and roofs.

The energy requirements for heating at the neididmd scale were calculated by adding the results
from the energy consumption analysis for each tgpenouse according to their distribution in the
neighborhood. Cooling requirements were neglectechibse they are minimal in Belgium. Indeed, the
Belgian climate is a temperate climate. The meap&zature for the typical year used in the simaretiis
10.3°C (50.5°F) and the cooling degree hours amoon2548°Ch per year (if the considered inner
temperature is 18°C (64.4°F)). Moreover, the ovating indicator defined in the European energy
Performance of Building Directive (EP 2002) anchsiposed into the regional laws (MB 2008) has been
calculated. It remains, for all the typical builgéconsidered in this analysis, under the threstalde
proposed in the Directive (17500 Kh), which indec#ihat the overheating is not unacceptable andotio n
requires the installation of cooling system. In #arst of our cases, the overheating indicatoresai2274
Kh.
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In addition, energy consumption relating to hotevatlectrical appliance and cooking were added in
the overall consumption to give a more completegienaf energy consumption relating to buildings in
suburban areas. As these items are not strictkedinto the characteristics of the buildings and the
neighbourhoods but mainly depend upon the behaf¥itite households and the user habits, we considere
in our calculation the regional average consumptiehkWh/mz2.year; Kints 2008, see Figure 1, pari/ég
assumed that this value remains unchanged whdutliing envelope is improved.

Life cycle assessments (LCA) for several types afides were also performed using the software
Equer, which was linked with the thermal simulatitool (Peuportier 2001). An LCA analyzes the
environmental impacts of a given product, systensenvice over its entire life cycle by quantifying

resource use and emissions to the environmentZ[®Ba, 2006b).

The transportation component

The approach developed to assess energy consunmptiom transportation sector comprises two parts.
The first one deals with home-to-work and homeedbe®l travels and is based on empirical data availa
at the census block level, the smallest geograpbigain which data are available in Belgium. Taatata
come from the national censuses, which are caaigcvery ten years in Belgium. In this study, veed
one-day travel diary data from male and female s@ddouseholds from the 1991 and 2001 censuses. Fo
these households, information about demographézspesconomic status, car ownership, travel distance
main mode of transportation used and the numberooking days per week and per worker is available a
the census block level. These data were also ug@&bbissauw and Witlox (2009) to develop a commute-
energy performance index for Flanders and the BissSapital Region of Belgium that investigates the
link between spatial structure and energy conswngtr home-to-work travel at the regional scalaliké
our method, this index is not context-specificugtes standardized values for all types of urbanidab
(urban, suburban and rural) and does not includeghtm-school and home-to-station travel.

To determine the total number of kilometers loggedually by various modes of transportation (car,
bus, train, motorbike, bicycle or on foot) for hoteework travel in each district, our method first
combines the number of workers in a census blogk tie number of trips per week (determined by

repartitioning the number of working days per weekhe census block), the one-way distance froméiom
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to work and the mode of transportation used. Fonéwo-school travel, instead of using the number of
working days, we used the mean number of schod gayyear in our calculations.

The second part of the approach developed to assesgy consumption in the transport sector deals
with two other activities: the shopping and theslee, which are also known to be important purpages
travel (Hubert and Toint 2002). Unfortunately, oatl censuses do not give information about those
purposes of travel. As a result, we have develapedliculation based on “type-profiles”. Accordirg t
socio-economic data, we have established sevgragentative types of households living in a distind
attributed, to each type of households, mobilityreleteristics for home-to-shop and home-to-leisure
travels, as proposed by Marique and Reiter (2008)Zaunders et al. (2008). These characteristiasyna
concerned distances travelled from home to shofeisure activities (according to the geographical
location of each district) and the frequenciesa¥els (according to the socio-economic compositibiine
household). The mode of transport used was detedraacording to hypotheses made on the distances to
travel, the distance to bus stops and the busceanavailable. This required information was caéddy
using a GIS. Different locations were taken intoamt: proximity shops, suburban shopping centeds a
main city centers.

A correction factor is applied to short distancesezed by train and long distances covered by bus t
preserve the relationship between mode of tranafiamt and travel distance. Nonmotorized trips ave n
considered in the calculations because they daeomdume energy. Motorbike trips are neglected tsrau
they represent a negligibly small portion of horoesork and home-to-school travel. When the main enod
of transportation is the train, we include travelni home to the train station because travel bytcdne
station can play a significant role in energy conption in suburban areas. A Geographical Infornmatio
System (GIS) is used to determine the mode of p@ation for these home-to-station trips according
the distance traveled and the bus services availatdach district.

Distances covered by diesel-burning cars are stgghfeom those covered by gasoline-burning cars
according to the distribution of the vehicle stdokthe Walloon region (55% diesel-burning and 45%
gasoline-burning cars). In the final step of thethmd, consumption factors are allocated to theadists
covered by each category of vehicle (diesel-burriag gasoline-burning car, bus or train) to cotver
distance to energy consumption in kilowatt-hourg/(§. Conversion to kwWh allows comparison among
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transportation energy consumption, energy consumpiti heating and energy consumption by public
lighting. Consumption factors consider the mean ftensumption of the vehicles (liter per km), the
passenger rate and the fuel characteristics (Tabl&or the trains, which are electric in Belgiuthe
consumption factor is based on the production edtekity. The value used in this paper was cateddor

Belgium by CPDT (2005).

Table 2. Consumption Factors (per km and per persgnUsed to Convert Kilometers into kwWh, Base

on Mean Regional Values

Diesel-burning car  Gasoline-burning Bus Train
car

Consumption per 0.068 0.080 0.46

kilometer, L/km (34.6 mpg) (29.4 mpg) (5.1 mpg) -

Occupancy rate 1.2 1.2 10 -
Density of the fuel,

0.859 0.745 0.859 -

per 1000 L in toe

Consumption factor 0.6134 0.6259 0.4986 0.3888

The public lighting component

A simplified calculation was developed to accowrttthe energy consumed by public lighting and to
compare this amount with the energy consumed bytlidings and by various modes of transportation.
The number of street lamps in an area is multighiedhe power rating of the lamps, including théast,
and by the standard running time of a lamp (4100rh@er year) to give the annual consumption of the

public lighting network in kWh.

Synthesis

The annual energy consumption estimates from mgklheating, hot water, appliances and cooking,

transportation and public lighting are expressetthénsame unit (kWh) and can be added to give tkeati
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energy consumption of a neighborhood. This overaijhborhood-scale energy consumption is divided by
the number of inhabitants to give an indicatorkWh per inhabitant, which facilitates comparisonoaig

neighborhoods and the evaluation of strategies\fmave energy efficiency.

Case studies

An application of the method to three suburban medghoods of the Walloon region of Belgium,
where urban sprawl is a concern in a large pouifthe territory, is presented below. In this regi62%
of the building stock is detached and semi-detad¢tredses (Kints 2008), and 50% of the census blo€ks
the region have a mean housing density betweendiinvetwelve dwellings per hectare (Vanneste et al.
2007). The main characteristics of the three neigitiods under study are presented in Table 3. if$te f
part of the assessment is a present-day inventotigese areas. The second part describes a sémgsitiv
analysis conducted to identify relevant factors fioe energy performance of suburban areas and to

highlight the best strategies for reducing ene@yscmption in these areas.

Table 3. Main Characteristics of the Three Neighbdnoods

Tintigny Fontaine Jambes

Main types of houses Detached houses Semi-detached and Detached houses
terraced houses

Percentage of houses built:

before 1950 0% 43.9% 0%
between 1951 and 1980 52.5% 26.8% 43.5%
between 1981 and 1995 34.4% 29.3% 49.1%

after 1996 13.1% 0% 7.3%
Total percentage of houses 21,3% 0% (social housing, 24,6%
retrofitted/upgraded: public management)
between 1951 and 1980 11.5% - 5.9%
between 1981 and 1995 9.8% - 16.7%
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after 1996 0%

- 2.0%
Distance to city center (km) 29 (18 mi.) 9 (5.6 mi.) 6 (3.7 mi.)
Distance to train station (km) 8 (5 mi.) 9 (5.6 mi.) 6 (3.7 mi.)

Bus services Very low Good Low

RESULTS

Table 4 presents the energy consumption index leazlifor each component (building heating, hot

water, electrical appliances and cooking, trangpion and public lighting) of the three neighbortiso

Table 4. Impact of Each Component on Overall Consuption, in kWh per Inhabitant and per Year

Case 1: Tintigny Case 2: Fontaine Case 3: Jambes
Component Index % Index % Index %

kWh/plyear kWh/plyear kWh/plyear

Building (Heating, including 8340 53.3.% 8213 69.4% 5351 52.0%

retrofitted buildings)
Building (hot water, electrical 2284 14.6% 2177 18.4% 2048 19.9%
appliances and cooking)

Transportation 4987 31.9% 1394 11.8% 2780 27.0%
(home-to-work) (2428) (844) (1928)
(home-to-school) (343) (136) (253)
(home-to-shop-and-leisure) (2216) (414) (599)

Public lighting 25 0.2% 50 0.4% 111 1.1%

Total 15636 100% 11834 100% 10290 100%

Energy consumed by the heating of buildings isntiwst important portion of calculated consumption

at the neighborhood level. Depending on availables Iservices and distance to the city center,
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transportation represents 11.8% to 31.9% of theswmption of a neighborhood. Public lighting plays a

comparatively minor role in overall energy consuimpt

Key factors in the energy performance of suburban eighborhoods

A clear difference is observed between the heatimgrgy requirements of houses and neighborhoods
built before and after the first thermal regulatemopted in the Walloon region. Houses built atter first
regulation annually consume 130 kWh/m2 or less, redie those built before 1980, especially dispersed
houses, annually consume from 235 to 401 kWh/m2sEmi-detached and terraced houses, annual energy
consumption falls between 84 and 319 kWh/m2 depgndn the age of the building. For buildings of the
same age, semi-detached and terraced houses coaguBpe to 23.6% less energy than detached houses,
highlighting the effect of connectivity on the eggperformance of buildings.

The simulations show that adding insulation in thef and replacing windows by high-performance
glazing (that are the most common upgrades madeole owners) allow to significantly improve the
energy performance of buildings (up to 40% in corigma with a non-insulated house). Adding insulatio
in the slab and the walls is also efficient butisre difficult to realize.

Figure 2 shows heating energy requirements perrequater of the three case studies. The regional
mean, the heating energy requirements of the Earopmergy Performance of Building Directive and of
the “low energy” and “passive” standards are adwedalibrate these results. Energy used for hotryat
appliance (including lighting) and cooking, thab&sed on the mean regional value and assumechtirre
unchanged, are mentioned on the Figure (light gesgtion) to delineate its impact on building energy

consumption.

Figure 2: Energy Requirements (kWh/m2year) atteduto Heating (dark grey) and Hot Water,
Electrical Appliance and Cooking (light grey) ofetihree Case Studies and Comparison with Regional

Mean and “EPDB”, “Low energy” and “Passive” Stardiar
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The third factor that seems to have a significdfece on energy performance is compactness; for the
same insulation values and total surface area iff0(120 sq. yd)), energy consumption is 35% lowea. i
two-story house than in a single-story house.

The buildings that received the most solar gainsewdetached single-family houses. This can be
explained by their relatively large external suefc Moreover, masking effects from vegetation and
neighboring houses are limited in comparison tosdemrban areas where obstructions are more common.
If masking effects are included, the calculateéisehergy falling on vertical facades and roofsesonly
slightly (less than 11%). The effect on energy comgtion is further limited (less than 2%) by thelaf
optimization of solar accessibility in traditiorslburban houses. Therefore, solar gains couldilimedtto
reduce the amount of energy required for heatirgichivis currently not the case in existing suburban
Walloon neighborhoods.

Using LCA, we compared different types of thermagulation, corresponding to the mean level of
insulation in three of the four age categories dieed in Table 1 (no insulation; 30 mm (1.18 inf) o
polyurethane in the slab and the fagades and 83t in.) in the roof; 60 mm (2.36 in.) of polythiane
in the slab and the fagades and 100 mm (3.94rirthe roof) and to the most common upgrades (adding
insulation in the roof and replacing windows). Tiesults of the LCA show that the operation phase
represents the biggest impact over the entire difele; energy use over the 80-year service life was
calculated to be between 95.9% and 97.9% accotditige type of house. LCA results show that aletyp
of houses used in the classification behave similar agreement with values reported in the litera, the
relative impact from the operation phase decrefseshorter periods of analysis (92.4% for 40 yeard
90.6% for 30 years) but nevertheless remains irapbrin fact, the literature suggests that overetdre
life cycle, the operation phase, with approximat@y-98% of total impacts, is the phase with thénbgy
environmental impact. Alternatively, the constrantiphase accounts for 1-20% of impacts, and the
dismantling phase accounts for less than 0.2-5%alp&dth et al. 2001; Blengini 2009; Huberman and
Pearlmutter 2008; Peuportier 2001; Schreuer 2013). Therefore, reducing fluxes of energy, watred
waste during the operation phase will have a graatpact than using high-performance materials. The
second main result concerns the insulation; fotypkes of houses, insulating external facades fsignitly
reduces all the environmental impacts calculatethbysoftware. The first centimeters of insulatéwa the
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most important. Insulating only the roof and replgcthe windows by high-performance glazing also
reduce the environmental impacts over the entieeclcle, because although more material is usetdn
renovation phase, the energy consumption is sigmifly reduced after the upgrades. The reduction of
impacts is greater between the non-insulated hangethe lightly insulated house than it is betwten
lightly insulated house and the standard insulatade.

In terms of transportation, the Fontaine neighbodhdocated close to a city center with good bus
service, consumes less energy per capita for pdistyof trips (work, school, shopping and leisueden
into account than the two other neighborhoods alchecase, home-to-work trips consume more enengy pe
capita than home-to-school and home-to-shop asdrkeitrips because travel distances are greatéacin
most Walloon towns, even the most rural ones, Isaveral schools and shops, whereas work locatiens a
concentrated in larges city centers and suburbaiméss parks. Finally, the use of public busedsghdr
for home-to-school trips than for home-to-work $iigvhich also explains the better results obtafoethis

activity.

Sensitivity analysis

Sensitivity analysis was performed to identify thest relevant factors for improving the energy
efficiency of the neighborhoods under study. Thiestors included insulation (three scenario aréeths
and orientation and building distribution, bothateig to urban form. We tested the impact of laa{jin
terms of distance to city center and bus services)icle performance, travel distance and modaicehon
the overall energy consumption. Finally, the managyg of the heating system was analyzed to determin
the impact of inhabitant behavior.

Table 5 summarizes the energy consumption redwuctionall the components (building heating +

building hot water, appliance and cooking + tramgi@mn + public lighting).

Table 5. Overall Energy Consumption Reductions Obtaed for Each Strategy

Case 1: Tintigny Case 2: Fontaine Case 3: Jambes

Energy performance of buildings
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1. Improving the insulation of housésl house:

-29.7% -39.5% -21.8%
are retrofitted to reach the actual standard)
2. 50% of the pre-1981 stock is upgraded
-2.2.% -8.9% -1.0%
(insulation in the roof)
3. 50% of the pre-1981 stock is upgraded
(insulation in the roof and new high- -3.3% -10.8% -1.8%
performance glazing)
4. Orientation of the houses and neighborhoods -1.3% -1.2% -1.3%
5. More compact distribution of buildings
-14.9% - -10.0%
(terraced and semi-detached houses)
Transportation
6. Favorable location (as in Case 2) -18.0% - -6.1%
7. Improving vehicle performance (private cars
-6.1% -2.5% -4.8%
and public buses) by 10%
8. 20% of the inhabitants opting public
-2.4% -1.0% -1.8%
transportation instead of private car
Inhabitant behavior
9. More efficient management of the heating
-11.5% -13.8% -16.5%

system (19°C/15°C versus 19°C constant)

These results indicate that improving building lasion is the most relevant strategy in the redurcti
of overall energy consumption. Assuming that a#l titouses were retrofitted with 60 mm (2.36 in.) of
polyurethane insulation in the vertical facades #reslab and with 100 mm (3.94 in.) of mineral Woo
insulation in the roof, the overall consumptionreduced by 29.7%, 39.5% and 21.8% in the three
neighborhoods. These results are mainly due ttotheate of insulation in the Walloon region of Belm
in relation to the temperate climate. Adding insola in the roof and replacing windows by high-
performance glazing of 50% of the building stocltthefore the first thermal regulation is a moredible

approach for the households but do not allow tahethe actual standard. A part of the potentiakgne
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savings highlighted in the first analysis concémustalso buildings that have already been retedfitThese
types of strategies are efficient, particulariyhon-insulated neighbourhoods.

In terms of orientation, we determined that energgsumption in buildings varied only marginally
(less than 2%) with the orientation of the neigtiomd and the solar energy effect on vertical fagadel
roofs. This is due to the lack of optimization fawlar accessibility in these types of neighborhodds
potential for the use of bioclimatic principles ssi and should be better utilized, namely throughoae
advantageous positioning of windows on facades.

The impact of building distribution was tested faro areas with detached houses. The number of
houses in each neighborhood was held constantwéwssumed the houses were grouped in fours (two
terraced houses and two semi-detached houseshebe tconfigurations, overall energy consumption
decreased by 14.9% in the first case and by 10r0%d third (case 2 already included terraced rg)use
confirming the influence of building distributiomncenergy consumption. Building distribution is more
significant for buildings with less insulation.

The sixth sensitivity analysis highlights the impa€ location on overall energy consumption. If the
first and third cases had the same benefits asd¢lend (better bus services and proximity to urban
centers), the overall energy consumption would ekese by 18.0% and 6.1%, respectively, mainly from a
reduction in the number and distance of car tqgast{cularly in the first case study that is lockfar from
city centre). Improving the performance of privatel public vehicles, favoring shorter travels takvand
school (by better housing locations) and favoringplig transportation instead of private cars arso al
strategies for the improvement of energy efficientysuburban areas. But, as older Belgian houses ar
poorly insulated, the absolute priority is to imypednsulation in existing buildings. However, holslels’
location (that allows to reduce travel distancesyl ahe performances of the vehicles will be more
significant for new buildings and neighborhoods d&aese the passing of the EPBD guarantees that new
buildings are well insulated and more energy effiti If all the buildings in a neighborhood werellwe
insulated (as in the first scenario), these stiasegould significantly increase the potential gyesavings.
Finally, our calculations show that more efficiananagement of the heating system could substantiall

reduce energy consumption in buildings.
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DISCUSSIONS

The application of the method developed to evaleagrgy consumption of suburban neighborhoods
to three representative neighborhoods in the Walloegion of Belgium demonstrates that energy
performance in existing suburban neighborhoods der.pA strong potential for the application of
bioclimatic principles exists because solar gamessiggnificant and masking effects are low.

The sensitivity analyses demonstrate the bendfiggweral buildings renewal strategies. Increatieg
insulation rate and favoring a more compact distidm of buildings significantly improve energy
performance in buildings. LCA results showing theportance of the operation phase and the savings
obtained through renovation (adding insulationhia toof and replacing windows) in energy consunmptio
reinforce these strategies. Better managementeofdlating system, namely, activating or deactigatiie
system according to the occupation of the houseeeaily improve the energy efficiency of buildiregsd
neighborhoods.

The results from this study highlight the importaraf location on overall energy consumption and
emphasize the importance for comprehensive enenglyses that consider both the building and the
transportation sectors. Energy consumption in htvagerk, home-to-school, home-to-shop and home-to-
leisure trips plays a significant role in overaineumption, especially when the energy performasfce
buildings is good. Location is thus an importartda to take into account when new districts arit.bu

As far as limitations are concerned, our methods udgmamic simulation tools to assess heating
consumption in buildings, which have been showngie results significantly different from those
observed in reality because of variations in intaaiti behaviors. Indeed, building operation and
maintenance, occupant activity and indoor enviramiadequality, all of which are related to human
behavior, are known to have an influence as greatr greater than climate, building envelop and@ne
systems (Hilderson et al. 2010), confirming theaidleat green buildings and sustainability requi@en
than efficient designs (Brandemuehl 2004). Reahatic conditions can also differ from the standazdi
data used in simulations. The software used inahaysis has been validated by the Internationardy
Agency Bestest (Benchmark for Building Energy Siatioh Programs) (Peuportier 1989; Peuportier
2005). Nevertheless, it is not possible to compiduwe results presented in this paper with in situ
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measurements because of high variation in inhabltehaviors. That is also the case for the consiampt
relating to hot water, electrical appliances andkang that are known to be too dependent of the use
habits (Verbeeck and Hens 2005). Thus, the figpresented here must be discussed by comparisareto o
another and with respect to the hypotheses andmagkwconditions. However, they are useful in the
identification of important factors related to empeefficiency.

The conclusions and discussions presented in tijierpare only valid for poorly or non insulated
buildings and districts. Indeed, if the insulatiointhe houses is improved to fit the actual staddarif a
more compact urban form is promoted, the relatieecgntage of building heating component (Table 4)
falls below 50%. In these cases, or in newly bdiitricts, others strategies, namely those relating
transportation and inhabitant behavior, must benoted to reduce overall energy consumption.

Finally, to transfer the main results of our resbdp citizens and stakeholders, an interactivésgec
making tool has been developed on the basis ofrtedods in this paper and made available on the
internet. Our goal is to provide an assessmentdedicated to building performance and transpamaith
Belgium. The tool will help public authorities anmtivate developers to plan more efficient suburban
developments and to improve energy efficiency imstexgy neighborhoods. Users of the tool can also
identify practical strategies to reduce their egempnsumption and test the impacts of different

neighborhoods before choosing their housing looatio

CONCLUSIONS

Although the environmental impacts and energy meguoénts associated with urban sprawl are well
documented, low-density suburban areas continuget@lop all over the world. To reduce the overall
energy consumption of housing and transportatiothén\Walloon region of Belgium, a method has been
developed to assess existing and proposed subaddghborhoods. It considers the energy consumed by
the heating systems in residential buildings, thblip lighting network and transportation. The prepd
method combines a classification of buildings, thalr simulations and empirical data. Results from an
application of the method to three typical suburb@ighborhoods demonstrated the applicability &f th
method and its ability to identify key factors asiategies for the improvement of energy efficienty

suburban areas. We highlighted the role of buildivsgilation, the compactness of building distribotand

AF. Marique and S. Reiter, 2012. A Method to eadithe energy consumption of suburban
neighborhoods, HVAC&R Research 18 (1-2), 88-99.



the location of neighborhoods in energy consumptinhabitant behavior also has a significant impact
the energy performance of suburban areas. By adjugarameters, such as those related to climate,
insulation or vehicle characteristics, the methad de transferred from the Walloon context to other
countries and regions, including urban and rurasotfrurther, the method can be used to design @fdl b
more energy efficient neighborhoods but also tmfittexisting ones, and thus, to combat urbanwspra

common phenomenon in many areas all over the world.

ACKNOWLEDGEMENT

This research was funded by the Walloon region elfigiBm under the “Suburban Areas Favoring
Energy efficiency” project (SAFE). Also, we woulikkéd to thank the two anonymous reviewers for their

useful comments.

REFERENCES

Adalberth, K., A. Alimgren and E.H. Petersen. 200fe cycle assessment of four multi-family buildsg
International Journal of Low Energy & Sustainable 2

Blengini, G.A. 2009. Life cycle of buildings, dentan and recycling potential: a case study in Myri
Italy. Building and Environment4:319-30.

Boussauw, K. and F. Witlox. 2009. Introducing a omme-energy performance index for Flanders.
Transportation Research Part48:580-91.

Brandemuehl, M.J. 2004. Editorial. ASHRAE Researolvard Sustainable BuildingslVAC&R Research
10(1):1-3.

CEEW. 2007. Rapport analytique sur I'état de I'eonnement wallon 2006-2007. MRW — Direction
Générale des Ressources Naturelles et de I'Enveroent. Report D/2007/5322/45. Cellule Etat de
I'Environnement Wallon, Belgium.

CEC. 2005. Green Paper on Energy Efficiency or Dditore With Less. Report CEC COM(2005) 265,
Commission of the European Communities, Belgium.

CPDT. 2002. Les colts de la désurbanisation. Rdftodes et documents 1, Conférence Permanente du
Développement Territorial, Belgium.

CPDT. 2005. Contribution du développement terrtioa la réduction de I'effet de serre. Rapport|fie
la subvention 2004-2005, Conférence PermanentedshelBppement Territorial, Belgium.

EEA. 2006. Urban sprawl in Europe. The ignored lelngle. Report EEA | 0/2006, European Environment
Agency, Denmark.

EP. 2002. Directive 2001/91/EC of the Europeani®aent and of the Council of 16 December 2002 on
the energy performance of buildings. Official Jalrrof the European Community. European
Parliament and the Council.

Glicksman, L.R. 2003. Promoting Sustainable BuiditHVAC&R ResearcB(2):107-9.

Glicksman, L.R. 2007. Editorial: The Energy CrisiSThe Need for More Balanced SolutiohB/AC&R
Research:521-23.

He, J., C.K. Bao, T.F. Shu, X.Y. Yun, D. Jiang dandBrown. 2010. Framework for integration of urban
planning, strategic environmental assessment aalbgical planning for urban sustainability within
the context of ChingEnvironmental Impact Assessment Review. DOI: 1®/.efar.2010.09.002.

AF. Marique and S. Reiter, 2012. A Method to eadithe energy consumption of suburban
neighborhoods, HVAC&R Research 18 (1-2), 88-99.



Hilderson, W., E. Mlecnik and J. Cré. 2010. Potntif Low Energy Housing Retrofit: insights from
building stock analysis. Report Belgian SciencedypBelgium.

Huberman, N. and D. Pearlmutter. 2008. A life-cyeteergy analysis of building materials in the Negev
desertEnergy and Buildingg0:837-48.

Hubert, J.P. and P. Toint. 2002. La mobilité quetide des Belges. Ed. Namur: Presses universitdires
Namur, Facultés Universitaires Notre-Dame de la.Pai

ICEDD. 2005. Bilan énergétique wallon 2005. Consatioms du secteur du logement 2005. MRW,
Direction générale Aménagement des Technologieda decherché et de I'Energie — Conception et
Réalisation ICEDD asbl, Report. Institut de Conseil’Etudes en Développement Durable, Belgium.

ISO. 2006a. 1ISO 14040. Environmental managemerfe-dyicle assessment — Principles and framework.
International Standardization Organization.

ISO. 2006b. 1SO 14044. Environmental managementife tycle assessment — Requirements and
guidelines. International Standardization Orgarmizat

Jenks, M. and R. Burgess. 20@2ompact cities: sustainable urban forms for devielgpcountries.M.
Jenks and R. Burgess, ed. London: spon Press.

Jones, P.J., S. Lannon, and J. Williams. 2001. Noglbuilding energy use at urban scdeoceedings of
the 7th International IBSPA Conference, Rio de fan®razil, 175-80.

Kints, C. 2008. La rénovation énergétique et dgrales logements wallons. Analyse du bati existéant
mise en évidence des typologies de logements taii@s. Université Catholique de Louvain-La-
Neuve, Architecture & Climat, Belgium.

Maizia, M., C. Seze, S. Berge, J. Teller, S. Reiterd R. Ménard. 2009. Energy requirements of
characteristic urban blockBroceedings of the CISBAT 2009 International Sdien€onference on
Renewables in a Changing Climate: From Nano to Wrbeale, Lausanne, Switzerlart89-44.

Marique, A.F. and S. Reiter. 2010. A method to ss$nsport consumptions in suburban areas. PLUREL
International Conference on Managing the Urban Rumgerface, October 19-22. Copenhagen,
Denmark.

MB. 2008. Methode de détermination du niveau desoommation d’énergie primaire des batiments
résidentiels. Annexe Il. Belgisch Staatsblad — Nt Belge, Belgium.

MRW. 2007. Enquéte sur la qualité de I'habitat edgien wallonne 2006-2007. MRW. Report Etudes et
Documents n°5. Ministére de la Région wallonnegReh.

Nesamani, K.S. 2010. Estimation of automobile eimissand control strategies in Indfécience of the
Total Environmen#08:1800-11.

Newman, P. and J.R. Kenworthy. 198%ties and Automobile Dependence: A sourcebddélershot:
Gower Publishing Co.

Newman, P. and J.R. Kenworthy. 19%ustainability and Cities: overcoming automobilepeledence
Washington DC: Island Press.

Peuportier, B. 1989. Validation of Comfie. RepoEQ; University of Stuttgart I.T.W, Germany.

Peuportier, B. 2001. Life cycle assessment appligie comparative evaluation of single family hesis
the French contexEnergy and Building83(5):443-50.

Peuportier, B. 2005. Bancs d'essai de logiciels sitaulation thermique.Proceedings of Journée
Thématique SFT-IBPSA

Popovici, E. 2006. Contribution to the Life Cycles#essment of settlements. Ph.D. Thesis, Ecole des
Mines de Paris, France.

Popovici, E. and B. Peuportier. 2004. Using lifecleyassessment as decision support in the design of
settlementsProceedings of the 21th PLEA Conference on Pasmik Low Energy Architecture,
Eindhoven, The Netherlands.

Ratti, C., N. Bakker, and K. Steemers. 2005. Eneagysumption and urban textuénergy and Buildings
37(7):762-76.

Saunders, M.J., T. Kuhnimhof, B. Chlond and A.NdB.Silva. 2008. Incorporating transport energy into
urban planningTransportation Research Part42:874-82.

AF. Marique and S. Reiter, 2012. A Method to eadithe energy consumption of suburban
neighborhoods, HVAC&R Research 18 (1-2), 88-99.



Scheuer, C., G.A. Keoleian G.A. and P. Reppe. 2Did8.cycle energy and environmental performance of
a new university building: modeling challenges amekign implications.Energy and Buildings
35:1049-64.

da Silva, A.N.R., G.C.F. Costa and N.C.M. Brondir@007. Urban sprawl and energy use for
transportation in the largest Brazilian citienergy for Sustainable Developm@ént(3):44-50

Steemers, K. 2003. Energy and the city: densitidimgs and transporEnergy and Building85(1):3-14.

Tweed, C. and P. Jones. 2000. The role of modedsguments about urban sustainabilEypvironmental
Impact Assessment Revid@277-87.

UTF. 1999. Towards an Urban Renaissance. Urban Faste, Routledge, London: Queen’s Printer and
Controller of HMSO.

Vanneste, D., I. Thomas and L. Goosens. 2007. igenent en Belgique. Report SPF Economie et
Statistique, SPF Politique Scientifique, Belgium.

Verbeek, G. and H. Hens. 2005. Energy savingstiofitted dwellings: economically viableEnergy and
Buildings37:747-754.

Yaping, W. and Z. Min. 2009. Urban spill over vac&l urban sprawl: Entangling land-use regulations
the urban growth of China’s megacitiesind Use Policy26:1031-45.

Young, W., D. Bowyer, and R.J. Naim. 1996. Modelthg environmental impact of changes in urban
structure Computer Environment and Urban Systet$4-5):313-26.

AF. Marique and S. Reiter, 2012. A Method to eadithe energy consumption of suburban
neighborhoods, HVAC&R Research 18 (1-2), 88-99.
20
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