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a  b  s  t  r  a  c  t

Improving  energy  efficiency  in  the  building  and  transportation  sectors  is  a  viable  approach  to mitigate  the
effects  of climate  change  and  has  become  an  important  policy  target.  As  a  result,  in addition  to scientific
research  and  public  policies  addressing  energy  efficiency,  raising  public  awareness  of  the  impact  of  the
behaviour  of citizens  to energy  efficiency  is  crucial  and  could  quickly  lead  to significant  reductions  in  the
total  energy  consumption  of a  territory.  In  this  context,  this  paper  presents  a  new  online  interactive  tool
that enables  not  only  citizens  but  also local  authorities  and  private  developers  to  (1)  assess  the  sources  of
energy  consumption  related  to housing  and  to daily  mobility  at both  the individual  and  neighbourhood
scales,  (2)  compare  these  sources  and  (3)  determine  relevant  and personalised  suggestions  to  reduce
uilding energy consumption
aily mobility

nteractive tool
ssessment methods

energy consumption.  Numerous  methods  and  tools,  including  a typological  classification  of buildings,
thermal  dynamic  simulations,  life-cycle  assessments  and  statistical  treatments  of  national  censuses,  were
used  to produce  the  two  large  databases  used  in  this  interactive  tool.  This  report  represents  the primary
results  of a three-year  long  scientific  research  project  dedicated  to the  study  of  energy  efficiency  in
buildings  and  for daily  mobility  that is  accessible  to  a large  non-specialised  audience.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

.1. Context and literature review

As environmental issues are of increasing interest, reducing
nergy consumption in the building and transportation sectors
as become as an important policy target [1,2]. The building and
ransportation sectors respectively represent 40% and 32% of the
nal primary energy consumed in Europe [3]. As a result, energy
fficiency in the building and transportation sectors has been the
ocus of extensive world-wide research over the past decades.
umerous research studies describe the use of mathematical mod-
ls and simulation tools as the most credible approach to model
he behaviour and to predict the energy consumption of a system,
n terms of global sustainability. Thus, a huge number of mod-

ls, tools and papers [e.g., 4–11] address energy efficiency and,
ost of them focus on the heating requirements of residential or

ertiary buildings at the individual building scale. More recently,
he literature has increasingly revealed that the decisions made

∗ Corresponding author. Tel.: +32 43669367; fax: +32 43662909.
E-mail address: afmarique@ulg.ac.be (A.-F. Marique).

ttp://dx.doi.org/10.1016/j.enbuild.2014.04.016
378-7788/© 2014 Elsevier B.V. All rights reserved.
at the neighbourhood level have important consequences on the
performance of individual buildings and energy efficiency at the
district scale and at the city scale [e.g., 12–16]. The role that the
urban form plays in influencing the choice of travel modes and the
energy consumption of transport has also been studied extensively
[e.g., 17–20]. Mathematical models, namely those based on empir-
ical data and/or predictions, have thus been developed and used
to assess energy consumption and/or greenhouse gas emissions
due to the mobility of individuals at the neighbourhood, city and
regional scales [21,22]. Amongst their numerous advantages, the
approaches based on mathematical models and simulation tools
can account for a large number of parameters that are known to act
upon the energy consumptions of a system and to perform para-
metric variations to test the impact of several energy efficiency
strategies.

Although several research and empirical results have demon-
strated the significant impact of the behaviour of housing occupants
on energy consumption [e.g., 23, 24], these results and findings
remain mainly concentrated in the academic and scientific fields,
whereas citizens, authorities and policy makers are the first actors

that can concretely act to alter the energy consumption in residen-
tial buildings and for daily mobility. The implementation of energy
efficiency measures into concrete policies and to the general public
(citizens, local authorities, policy makers, etc.) are thus crucial to

dx.doi.org/10.1016/j.enbuild.2014.04.016
http://www.sciencedirect.com/science/journal/03787788
http://www.elsevier.com/locate/enbuild
http://crossmark.crossref.org/dialog/?doi=10.1016/j.enbuild.2014.04.016&domain=pdf
mailto:afmarique@ulg.ac.be
dx.doi.org/10.1016/j.enbuild.2014.04.016
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nsure a more sustainable development of our territories and to
educe energy consumption.

For example, regarding the regulation framework, the famous
irective on the Energy Performance of Buildings that was imple-
ented in 2002 in Europe is a first interesting step towards

nhancing energy efficiency in the building sector. The main aim
f the Directive is to establish minimum standards on the energy
erformance of new buildings and existing buildings larger than
000 m2 that are subject to major renovation [25]. However, this
irective still adopts the perspective of the individual building as
eing an autonomous entity and neglects both the importance of
henomena linked to larger scales and the energy consumption
f the existing building stock. Research dealing with an energy
ssessment of building energy consumption combined with an
ssessment of the impact of the house location on the energy con-
umption due to daily mobility are not numerous, even though
aily mobility has been proven to be of crucial importance in the
otal energy balance of a household [15]. In general, the impact of
ocation on the energy consumption for daily mobility remains less
onsidered by households and in current policies, particularly in
omparison with land prices, although a significant rise in the cost
f oil and petrol make this factor an increasingly considerable part
f their budget (especially in suburban neighbourhoods).

On the whole, three main challenges highlighted in the litera-
ure are often neglected or considered individually: (1) the major
hallenge of the retrofitting of existing building stock; (2) the
mportance of the location of residences, work places and services
n the generation of mobility patterns and, above all, (3) the impact
f the lifestyles and behaviours of citizens on the energy consump-
ion in both sectors. Raising public awareness of these challenges
f energy efficiency and providing not only citizens but also local
uthorities and policy makers with practical advice adapted to their
wn situation is thus crucial. This could lead to significant reduc-
ions in the total energy consumption of a territory, particularly for
oth building and transportation energy consumption.

.2. Aim of the study

In this context, this paper presents an online interactive tool
edicated to the energy assessment of the building and transporta-
ion sectors, in Wallonia (Belgium), at the individual, household
nd neighbourhood scales. The main aim of this online interac-
ive tool is to make available to citizens and local stakeholders
umerous results of a scientific research (e.g., more than 180,000
esults of dynamic thermal simulations are made available) in a
ery simple form. It addresses one major shortcoming of existing
ools: the accessibility to citizens and local stakeholders. In fact,
lthough simulation programs (BPS tools) dedicated to energy effi-
iency in buildings are numerous (e.g., TRNSYS, Comfie + Pleiades,
nergyplus, phpp) and have remarkable capabilities, user-friendly
ssessment tools dedicated to a non-specialised audience (local
uthorities, developers, citizens) and ready-to-use applications are
acking [26,27]. Most of the existing tools are designed by engineers
or use by other trained engineers, which make them too com-
licated to quickly evaluate the performance of different design
oncepts or strategies [28]. Amongst the existing simplified evalu-
tion tools, Attia et al. [27] developed a simulation-based decision
upport tool for early stages of zero-energy building design and
ighlighted the need to integrate energy simulation into early
esign of buildings. Gratia and De Herde developed a simple design
ool for the thermal study of dwellings [8] and office buildings
9]. The calculation of the energy consumption is mainly dedi-

ated to architects and based on the results of dynamic thermal
oftware. Amongst others, Praznic et al. [29] and Reilly et al. [30]
eveloped simplified method for energy efficiency in building.
heir aim was to use as few parameters as possible and simple
uildings 78 (2014) 50–58 51

calculation method. Zhao and Magoules [31] reviewed recently
developed models to simply and accurately predict building
energy consumption (e.g., engineering methods, statistical meth-
ods, artificial intelligence). They concluded, from their analysis, that
numerous models exist with their own  advantages and disadvan-
tages and that a complete comparison, under the same conditions,
is needed. The use of these tools by citizens is not addressed.
O’Lonney [32] developed a decision support tool for citizens and
policy makers whose aim is to assist citizens to be more knowl-
edgeable in a sustainable built environment. This tool links land
use planning choices with cost estimations and several types of
impacts but do not address energy efficiency in buildings and for
transportation.

1.3. Rationale and content of the online interactive tool

The rationale of the online interactive tool is thus to provide
not only Walloon citizens and households but also private develo-
pers, architects and local authorities with a simple, accurate and
quick assessment of energy efficiency in both the residential build-
ing stock as well as for daily mobility, at the individual, household
and neighbourhood scales.

This tool makes accessible to a large non-specialised audience
the results of a three-year scientific research study that com-
bined numerous tools and data (a geographic information system,
a typological classification of buildings and neighbourhoods, a
dynamic thermal simulation software, life-cycle assessments, sta-
tistical analyses of national censuses, etc.) in Wallonia (Belgium).
Thanks to this tool, numerous data, algorithms and results related
to transportation energy consumption (stored in database 1) as
well as the results of over 180,000 thermal simulations of build-
ings (stored in database 2) are made available online. To ensure
widespread diffusion of the research study results, the online inter-
active tool was designed to be user-friendly, to require a minimum
of input data while providing accurate results, to be very easy to
learn and use and to be easily available and for free on the web
(www.safe-energie.be). This tool is available only in French in this
first version (see Section 4 for more details on the current features
provided to the tool).

Regarding its content, the online interactive tool comprises
three interactive evaluation tools dedicated to the assessment of
energy consumption for the heating of buildings and for daily
mobility ((1) a simplified evaluation, (2) a detailed evaluation and
(3) a neighbourhood evaluation; these evaluation tools give access
to the research results stored in two  huge database (the first one
dedicated to transportation energy consumption and the second
one to building energy consumption), general information about
the research project dedicated to energy efficiency and eighteen
specification sheets, organised into four main sections (general
information, energy efficiency and buildings, energy efficiency and
daily mobility, energy efficiency and urban form). Fig. 1 summarises
the architecture of the online interactive tool.

1.4. Structure of the paper

Section 2 describes the methodology and the assumptions that
were used to develop the tool. Its contents (the three dynamic
evaluation tools and the guidelines) are presented, described and
illustrated in Section 3. The limitations and the reproducibility of
this approach are discussed and summarised in Section 4. Section
5 summarizes our main findings.
2. Methodology

The method used to developed the two databases used by the
three evaluation tools includes two main parts: (1) an empirical

http://www.safe-energie.be/
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Fig. 1. Architecture of

pproach to assess the energy consumed for daily mobility and (2) a
omputational approach combining dynamic simulation tools, life-
ycle assessments and a database of building and neighbourhood
ypologies to determine the energy consumed in the heating and
entilation of buildings.

.1. Energy consumption for daily mobility

.1.1. Method
A  quantitative method was developed to assess energy con-

umption for daily mobility. The complete method and data set
ere presented in detail in two previous papers addressing the

nvestigation of the relationships between the urban form the
ocation of the activities in the territory and the transportation
nergy consumption for home-to-work and home-to-school trav-
ls [33,34].

Three indices were derived from this general method to be
sed in the three interactive evaluation tools. The energy perfor-
ance index (expressed in kWh/travel person) for a defined unit

a city, a neighbourhood, a household or a person) represents the
ean energy consumption for home-to-destination travels for one

erson living within the considered unit. This index takes into
ccount the distances travelled, the means of transport used and
heir relative consumption rates, as expressed by Eq. (1). In the
quation, i represents the territorial unit; m is the means of trans-
ort used (diesel car, fuel car, train, bus, bike, on foot); Dmi  is the
otal distance travelled by the means of transport m in the dis-
rict i for home-to-destination travels; fm is the consumption factor
ttributed to means of transport m and Ti is the number of travellers
iving in the territorial unit i.

nergy performance index(i) =
(∑

m Dmi ∗ fm
)

/Ti (1)

The consumption factors fm were calculated by [22] on the
asis of regional and local data. The consumption factors are
.56 kWh/person km for a diesel car, 0.61 kWh/p km for a fuel car,
.45 kWh/p km for a bus, 0.15 kWh/p km for a train and 0 for a
on-motorised means of transportation (because these do not con-
ume any energy). Electric and LPG cars are not taken into account
ecause these cars not numerous in Belgium. Related consumption
actors could be calculated in the future to include these cars in the
ssessments.

The distance index (in km)  represents the mean home-to-
estination distance travelled (one way) by one person. The modal
hare index (in %) represents the frequency of use for each means

f transportation per territorial unit. The annual energy efficiency
f the travels can finally be expressed in kWh  per year to enable

 comparison between the energy consumption for daily mobil-
ty and the energy consumption in the residential building sector
heating, appliances, electricity, etc.).
nline interactive tool.

2.1.2. Input data and storage of the results
The input data used in the three methods of evaluation provided

in the online interactive tool are obtained from either national
census (the General Socio-Economic Survey 2001 [35]) results (in
the simplified evaluation and in the neighbourhood evaluation) or
directly from the users (in the detailed evaluation). In the latter case
(see also Section 3.3 for more details), the calculation of the index is
entirely parameterised to enable easy adaptation to the data of the
users (e.g., consumption of the car of the user and chained trips).
The algorithms and factors are stored in the first database. Note
that energy consumption for heating buildings are also converted
into CO2 emissions to complete the approach proposed in the tool.

2.2. Energy consumption in buildings

The second part of the method is dedicated to determining
the energy requirements for the heating and ventilation of build-
ings (cooling needs are not taken into account because these are
minimal in Belgium). Local empirical surveys [36–38] have indi-
cated that heating represents the largest part of the overall energy
consumption of Belgian households (76%), with home appliances,
production of hot water and cooking representing 10%, 11% and 3%
of the overall household energy consumption, respectively, are not
taken into account in the first version of the tool (see also Section
4).

2.2.1. Typological classification of buildings
A typology of detached, semi-detached and terraced houses was

established to classify the residential building stock of Wallonia
(Belgium). The typology covers, for the moment, only single-family
buildings because the research project was  dedicated to urban
sprawl, which is, in this region, predominantly residential. This
typological approach, also used by [1,14,16], is based on the follow-
ing factors: common ownership, the area of the house in square
meters (m2), the number of levels and the date of construction.
The type of building determines the percentage of openings in the
walls (windows) and the proportions of the building. Seventy-two
general types of buildings are used in this typology. Five age cate-
gories (pre-1950, 1951–1980, 1981–1995, 1996–2011, post 2011)
are considered, based on the evolution of regional policies concern-
ing building energy performance and the evolution of construction
techniques. These age categories are used to approximate a mean
thermal conductivity of the external faç ades from a “standard”
composition of faç ades and glazing attributes for the buildings
in each category (Table 1) and the regulations requirements dur-
ing these periods [25,41,42]. Three additional categories are added
for houses built according to standards higher than the European

Energy Performance of Buildings Directive (EPBD). These are the
low-energy standard, the very low-energy standard and the pas-
sive standard, which correspond to annual heating requirements
lower than 60 kWh/m2 year, 30 kWh/m2 year and 15 kWh/m2 year,
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Table  1
Characteristics of external faç ades and glazing by age category (U = heat transfer coefficient, W/m2 K).

Pre-1950 1951–1980 1981–1995 1996–2011 Post 2011

Wall U U = 2.5 U = 2.5 U = 0.9 U = 0.5 U = 0.4
Roof  U U = 1.9 U = 1.9 U = 1.1 U = 0.6 U = 0.3
Slab  U U = 1.9 U = 1.9 U = 0.9 U = 0.5 U = 0.4

r
o
r
t
s
d

2

a
o
1
b
w
r
c

2

a
u
a
c
o
e

c
B
p
c
[
t
t
t
t

s
I
T
t
i
i
t
b
t
c
o
n
o
e
a

T

o
t

energy consumption. A unique code is attributed to each possible
combination of parameters to link the data introduced by the user
in the questionnaire with the results provided in the database.

Table 2
Heat emissions used in the simulations [39–42,45,47].

Type Heat emissions

Occupation 80 W per person; the number of persons varies
from 0 to 5 according to the occupation mode

Refrigeration and deep
freeze

0.85 kWh/day

Washing-up 0.3 × 1.1 kWh/use (on a basis of 65
uses/year person)

Appliances 50 kWh/year person
Television 150 W(1, 2 or 3 h/day)
Glazing type Simple glazing Old double gl. 

Glazing  U 5.8 2.8 

espectively. These standards must achieve a specific performance
bjective. Therefore, these standards were not simulated, but the
equirement is imposed on all types of buildings, regardless of
he implemented insulation thickness. The requirement and the
elected heating system or auxiliary heating determine the heating
emand.

.2.2. Parameters of the main types of buildings
Parameters of these main types of buildings were then defined

nd studied to take into account retrofitting work performed by
wners (for example, to provide results for a house built before
984 (and thus not insulated) in which simple glazing was  replaced
y double glazing and the roof was insulated with 12 cm of mineral
ool). These parameters concern the level of insulation in the walls,

oofs and slabs, the types of glazing, the ventilation system and the
hoice of the thermostat.

.2.3. Thermal simulations and main assumptions
Using the classifications of buildings (main types + parameters),

n energy consumption analysis is performed using thermal sim-
lation software [43] that includes a three-dimensional modeller
nd an interface for the input of the thermal information (climate
onditions, building materials, internal conditions, periods of use
f the house, etc.) for each possible type of building. The amount of
nergy required to heat each type of building was modelled.

In these simulations, we used the Belgian climate (temperate
limate of the northern part of Europe). The meteorological data of
russels were used. The data comprised the hourly data of the tem-
erature, humidity, global solar radiation, diffuse solar radiation,
loud cover, dry bulb temperature, wind speed and wind direction
44]. The mean temperature for a typical year used in the simula-
ions was 10.3 ◦C. The maximum and minimum temperatures, for
he considered year were 34.9 ◦C and −9.1 ◦C. To adjust the results
o the localisation of the selected house, the results presented in
he tool are adapted to the degree-day place.

Internal gains were defined according to the housing size. The
ize determines the number of occupants, the number of rooms, etc.
n the house, internal gains are adapted to the function of the room.
his ability to adapt is enabled by the use of multi-zone simulations
hat account for any overheating phenomena, which are neglected
n monozone simulations. The modelling of the internal gains took
nto account the source of heat inside the building, which is essen-
ial in analytical work at different levels of energy performance
ecause these internal gains can be the source of overheating in
he building especially when it is well insulated. The more effi-
ient the building is, the greater is the influence of internal gains
n the heating energy consumption of the building. The total inter-
al gains used in each thermal simulation depend on the chosen
ccupation mode and thus on combinations of the treated param-
ters. The reference value comes from a monitoring measurement
nd has a value of 2.57 W/m2 [39].

The heat emissions used in the simulations are presented in

able 2 [39–42,45,47].

These internal gains are distributed among the different zones
f the dwelling. From the zones, occupation will result in lighting,
he use of television or computer and cooking. These internal gains
Old double gl. Double glazing Double glazing
2.8 1.1 1.1

are set on one day and are assumed to be constant throughout the
week and the year. The modelling of the internal gains does not
take into account holidays.

Two  systems of thermostats were proposed: a constant tem-
perature of 20 ◦C in the house (note that 20 ◦C is the temperature
imposed in the Belgian EPB software [46]) and a temperature of
20 ◦C from 6 am to 8 am and from 5 pm to midnight, with a drop
in temperature to 16 ◦C at night and during office hours. These two
types of thermostats are defined to ensure thermal comfort.

Concerning the ventilation system, the mechanical ventilation
system is modeled on the heating system. Mixed-mode ventila-
tion (with mechanical exhaust) and mechanical ventilation systems
function when the house is occupied [47]. The natural ventilation
corresponds to the opening of the windows but that can vary greatly
depending on size of windows and buildings and also depending on
inhabitants. To propose a ventilation rate proportional to each type
of house, natural ventilation rates correspond to those of the mixed-
mode ventilation but the difference is that mixed-mode ventilation
uses electricity. These rates were calculated using a Belgian require-
ment [41].

To convert the energy needs for heating into energy consump-
tion, 23 heating systems were defined (either local or central). The
overall performance of these 23 heating systems was applied to
the annual heating need of the considered house. The efficiency of
each 23 heating systems was defined on the basis of Annex I of the
Walloon Decree on the energy performance of buildings [46]. Pri-
mary energy is provided in the results to raise public awareness of
the impact of the heating system on the environment. Note that
the amounts of energy consumption for heating buildings are also
converted into CO2 emissions to complete the approach proposed
in the tool, via the conversion factors [48,49].

2.2.4. Storage of the results
A large database (database 2) was  finally built to store the

numerous results of the thermal simulations applied to each type of
main building and its parameters (Table 3). The database comprises
the results of over 180,000 thermal simulations related to building
Computer use 70 W (0, 1, 2 or 10 h/day)
Cooking 912 W (0.5, 1 or 1.5 h/day)
Lighting 6 W/m2

Shower 1486 W/shower (0, 24 or 48 min/day)
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2.3. Validation and relevance of the results

The methods and data used to build the databases were pre-
sented extensively in previous papers [15,22]. The software used
in the analysis have namely been validated by the International
Energy Agency Bestest [50]. We  also used the second database
(building energy consumption) presented in this paper to calculate
the energy consumption of the whole building stock of Wallonia
and compared this result with a survey (“annual thermal survey”)
carried out by ICEDD [36] on the basis of real consumption of Wal-
loon households. Difference between the two  results is worth 8.2%
which was considered as acceptable.

3. Results: the three evaluation tools

3.1. Structure of the evaluation tools

The main aims of these three evaluation tools were determined
by the research team together with the sponsor of the research
project (regional authority in charge of energy efficiency, sustain-
able buildings and urban planning). The three goals were (1) the
assessment of energy consumption for heating and ventilating
building(s) and for daily mobility to take into account in the total
energy balance the impact of the location on the energy consump-
tion for transportation, (2) the comparison between the energy
used in the building and in the transportation sectors and, (3)
the proposition of practical and personalised recommendations to
reduce the energy balance of the user. The potential energy savings
related to several concrete scenarios are quantified, which allows
the user to choose the most efficient scenario in its specific case.
The two first evaluations (simplified evaluation and detailed eval-
uation) are dedicated to citizens, and the last one (neighbourhood
evaluation) is for developers, architects and local authorities.

Each evaluation tool is structured around the following four
steps (see also Fig. 2):

1. An assessment of the transportation habits of the users for home-
to-work and home-to-school travels (step 1);

2. An assessment of the energy consumption of heating of the user’s
house (step 2);

3. The comparison of the annual energy consumption and CO2
emissions for heating the house and for transportation and (step
3);

4. The propositions, on the basis of the previous results, of prac-
tical and personalised recommendations to reduce the energy
consumption. These propositions come with a quantitative
assessment of the potential energy savings to allow the user to
choose the most adapted ones for each specific case (step 4).

The assessments are realised on the basis of questionnaires
specific to each evaluation. Data that are introduced in the ques-
tionnaire by the user are sent to the corresponding database
(database 1 is dedicated to transport energy consumption, database
2 is dedicated to building energy consumption). The corresponding
results are re-sent to the website and posted. The three evaluation
tools, their aims and the users to which the results are addressed
are presented in the following sections. The next section presents
the sheets of specifications (guidelines) that provide the tool with
practical information about energy efficiency.

3.2. The simplified evaluation
The simplified evaluation allows an individual user (or house-
hold) to assess the energy consumption for daily mobility (only
home-to-work and home-to-school travels in this evaluation) and
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Fig. 2. Structure o

or the heating of the user’s house on the basis of limited informa-
ion. Completion of the questionnaires is very simple to allow the
ser to complete them quickly and without specific data.

Two pieces of information related to the location of the house
f the user are required to assess the transportation energy con-
umption (step 1). On this basis, the mean energy consumption for
aily mobility, the mean travelled distance from home-to-work and
rom home-to-school and the mean modal share in the considered
istrict are calculated and provided (algorithms and data are stored

n database 1).
Four pieces of information related to the house of the user are

equired to assess the energy consumption for heating the build-
ng (step 2): the house type (detached, semi-detached or terraced
ouse), the heated area of the house in square meters (five ranges
re proposed), the date of construction and the heating system (23
ossibilities). On this basis, the mean energy consumption (heating
nd eventually ventilation) is calculated (results of thermal simula-
ions are stored in database 2 and accessible thanks to a unique code
inked to the data introduced in the questionnaire by the user). This
esult is provided along with the results of more efficient houses
reference cases presenting the same characteristics but respecting
he current standard for new buildings; retrofitted cases consisting
n the same house retrofitted to higher insulation levels).

The comparison sheet (step 3) is one of the key elements of the
nline interactive tool. It allows the user to compare, on an annual
asis, the amounts of energy consumption for transportation and
or heating the house and thus quickly identify on which sector it is
mportant to act to reduce its energy consumption. Comparison
etween the annual amounts of energy consumption for trans-
ortation and for heating are calculated for a “mean” household,
hose composition depends upon the surface area of the house.

The annual energy consumptions for home-to-work and home-
o-school travels are calculated by multiplying the total number

f home-to-work and home-to-school travels (one way) for all of
he workers and students of the household by the corresponding
nergy performance index and by a standard number of work-
ng/school days per year. The annual energy consumption for
hree evaluations.

heating the house is obtained through the database of thermal
simulations. Annual CO2 emissions are also provided.

Several improvements (step 4) are finally proposed to the users
according to the data introduced in the questionnaire and the result
of the assessment. These improvements address both the trans-
portation and the building sectors. Each improvement comprises
a brief description and a quantification of the potential energy
savings. The proposed improvements include the mode of trans-
portation (modal transfer from car to bus, train or active mode), a
reduction in the travelled distances, the performance of the vehi-
cles, car sharing, the level of insulation of the building, the type of
glazing and the heating system.

3.3. The detailed evaluation

The detailed evaluation allows an individual user (or household)
to assess the amounts of energy consumption for daily mobility
(numerous purposes of travels and chained trips can be taken into
account) and for heating the house of the user more precisely than
in the simplified evaluation. The questionnaires are more complex,
but the results are closer to the real situation of the user.

The user is first asked to precisely define the composition of
the user’s household (number of adults and of children) and the
transport habits of each member of the household (step 1). For each
person, it is necessary to specify the mode of transport (up to two
different modes per person can be introduced in the questionnaire),
the travelled distance, the number of travels per week and per year.
Detailed questions about the consumption of the vehicle, the type
of fuel and car sharing are asked if the mode is the car. Instead of
providing mean values defined on the basis of national surveys, the
energy consumption for daily mobility is thus calculated via Eq. (1)
(database 1) and according to the travel characteristics of the user.

The first part of the second questionnaire (step 2) is similar to

the simplified questionnaire. A second part allows the user to refine
these data by adding information about eventual renovation works.
The mean insulation of the envelope can be adapted as well as the
insulation of the roof. It is also possible to personalise the choice
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p
c

o
s
c
e
a
h

3
o
r
(
a
p

working/school days per year.

F
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ortation and for heating (in kWh) for a household consisting of 2 adults and 3
hildren and for the specific data introduced in the questionnaires.

f glazing (up to triple glazing), the management of the heating
ystem and the characteristics of the ventilation system. Energy
onsumption for heating, primary energy consumption and CO2
missions are provided, and the results are then compared with

 reference case and with renovated cases consisting of the same
ouse retrofitted to higher insulation levels (database 2).

Just as in the simplified evaluation, the two last sheets (steps
 and 4) provide the user with a comparison, on an annual basis,
f the energy used for transportation and for heating and with the
ecommendation of several improvements concerning both sectors

Fig. 3). The potential energy savings related to each improvement
re proposed and quantified. An example of improvements pro-
osed is provided on Figs. 4 and 5.

ig. 4. Example of the improvements and the impact of the mode of transportation used fo
f  energy consumption for different modes of transportation for adult 1).
Fig. 5. The impact of one scenario (50% of travels to work by bus, for adult 1) on the
energy consumption of the household.

3.4. The neighbourhood evaluation

The neighbourhood evaluation is dedicated to private deve-
lopers, local authorities and architects. The neighbourhood
evaluation tool allows the user to assess the energy consumption
for transportation and for heating houses at the neighbourhood
scale. This tool is particularly useful to assess the impact of a future
development. Local authorities can also determine the best sites to
develop according to the expected amounts of energy consumption
for home-to-work and home-to-school travels.

The first questionnaire (step 1) is the same as that in the
simplified evaluation, and the energy consumption indexes for
one representative worker and one representative student are
calculated according to the same method (database 1). The com-
position of the (future) neighbourhood is added to provide the
annual energy consumption for home-to-work and home-to-
school travels at the neighbourhood scale. This value is calculated
by multiplying the individual index for one worker/one student
by the number of workers and students living within the con-
sidered (future) neighbourhood and by a standard number of
As far as heating energy consumption is concerned (step 2),
eight pieces of information related to each type of buildings are
required, and the entire neighbourhood can be composed of up

r home-to-work travels (here, for a strategy concerning modal share, the reduction
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o four types of buildings. The types of buildings are defined as:
1) a house type (detached, semi-detached or terraced house), (2)

 heated area of the type in square meters (17 ranges are pro-
osed), (3) the date of construction, (4) the insulation of the roof,
5) choice of glazing (up to triple glazing), (6) the management of
he heating system, (7) the heating system (23 possibilities) and (8)
he number of units representative of this type of buildings in the
eighbourhood. The energy consumption of buildings and the pri-
ary energy consumption for heating at the neighbourhood scale

re calculated by adding the results from the energy consumption
nalysis for each type of house according to their distribution in the
eighbourhood, as mentioned in the questionnaire (database 2).
he results are compared with a “reference” neighbourhood com-
osed of the reference buildings of each type. The user can compare
he assessed neighbourhood with the same neighbourhood that is
ollowing the current standard for new buildings and with several
ases retrofitted to higher energy-efficient levels (low energy, very
ow-energy and passive standards).

Just as in the two previous evaluations, the two  last sheets (steps
 and 4) provide the user with a comparison, on an annual basis, of
nergy used for transportation and for heating and with the propo-
ition of several improvements concerning both sectors, but here,
he results are at the neighbourhood scale. The potential energy
avings related to each improvement are quantified for the entire
istrict.

.5. The specification sheets

Eighteen specifications sheets complete the website by provid-
ng the user with facts about energy efficiency. These sheets are
lassified around four main themes: (1) general and urban sprawl;
2) energy efficiency in the transportation sector (mobility); (3)
nergy efficiency in the building sector (building) and (4) energy
fficiency at the district scale (urban form).

These specification sheets not only present the methods,
ssumptions and data used in the online interactive tool but also
ractical recommendations to improve energy efficiency at the
ousehold scale and at the neighbourhood scale. Life-cycle assess-
ents of buildings, the importance of the heating system, the

mpact of location on mobility patterns and the use of renewable
nergy sources are also investigated.

.6. Usability of the tool

To have a first idea of the relevance and the applicability of the
rst version of this interactive tool (the tool is currently improved
nd completed (e.g., to take into account the production of energy
hanks to renewable sources, to include economic constraints)
n a new research project (SOLEN – Solutions for Low Energy
eighbourhoods), several test-sessions were organised with dif-

erent focus groups (around 100 students from secondary schools,
tudents in urban planning, regional and local administrative
fficers in charge of energy, sustainable buildings and/or urban
lanning, architects, researchers in sustainable architecture and a
on-specialised audience). The resulting feedback was  quite posi-
ive, especially from government officers who lack evaluation tools
hat address both the transportation and building sectors. The non-
pecialised audience is particularly interested in the results that
ighlight the impact of the location of the house on transportation
nergy consumption and provide a comparison of transportation
nergy consumption with building energy consumption as well as
he results relating to the energy efficiency of several retrofitting

orks (especially the insulation of the roof, the change of the glaz-

ng and the replacement of the heating system). Two workshops
edicated to professionals (60 people) were also organised, and
everal general-interest papers were published to ensure wide
uildings 78 (2014) 50–58 57

distribution of the tool. The tool is currently online and used by cit-
izens (we register approximately 400 visits a month on the website
during a 6-month testing period, from July 2012 to December 2012).

This information, currently used to improve and complete the
tool, do not constitute a true validation of the tool. To address this
issue, a usability testing [e.g., 27, 51] will be organised, in 2015,
at the end of the new research project (Solutions for Low Energy
Neighbourhoods - SOLEN) to concretely identify the impact of the
online interactive tool on decision making as well as on the every-
day behaviour of users and their decisions to perform retrofitting
works.

The research teams currently continue to use this online inter-
active tool in numerous actions related to outreach and to the
formation of architects and other professionals.

4. Discussion

Like any other scientific work, this online interactive tool suffers
from several limitations. Currently, the results provided in two  of
the three evaluations (the simplified evaluation and the neighbour-
hood evaluation) only take into account the energy consumption
for home-to-work and home-to-school travels. Regarding building
energy consumption, only heating and ventilation are considered.
The building database considers only suburban types of build-
ings. These limitations will be addressed soon by the new SOLEN
research project that will not only account for rural and urban types
of buildings but also address energy consumption for all purposes of
travel. The energy consumption for hot water and appliances and
the use of various renewable energy sources (solar photovoltaic,
solar thermal, small wind turbines, heat pumps, CHP) will also be
integrated in this project and in the updated version of the online
interactive tool (available by 2015). A quick assessment of the eco-
nomic advantage of each improvement proposed will complete
the updated tool. A more prospective approach of transportation
energy consumption is currently under development. This comple-
mentary approach could allow the comparison of the accessibility
of different houses and neighbourhoods and is more specifically
addressed to local and regional public authorities.

The online interactive tool is only available for Wallonia
(Belgium) (in French) because we  used local data. However, as
far as the reproducibility of the approach presented in this paper
is concerned, the methods used to develop the tool are flexible
and parameterized what makes applicable to many other areas in
Europe and beyond by adjusting its parameters, such as those relat-
ing to climate, vehicle performances or the building characteristics.
Note also that surveys similar to the one used on our paper are for
example carried out by the French National Institute of Statistics
(INSEE) in France or the Office for National Statistics (ONS) in the
United Kingdom.

Finally, this parameterization of the methods used to build the
databases will also allow the research team to continually update
and improve the tool, namely by taking into account changes and
improvements in actual technologies and behaviours (e.g., the inte-
gration of electric cars by calculating a new consumption factor for
these cars (see Eq. (1)), the integration of new or more efficient
heating system by adapting the related factors, a change in the use
of public transportation by adapting the occupation rate).

5. Conclusion

This paper presented a new online interactive tool

(www.safe-energie.be) that enables Walloon (Belgium) citi-
zens, local authorities and developers (1) to assess the sources of
energy consumption for daily mobility and for heating buildings
at the individual, household and neighbourhood scales; (2) to

http://www.safe-energie.be/
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ompare these different energy consumption sources and (3) to
etermine relevant and personalised recommendations to reduce
heir energy consumptions. This online interactive tool represents
he main results (over 180,000 thermal simulations and powerful
lgorithms) of an important three-year scientific research project
edicated to energy efficiency, in Wallonia, that is accessible to

 large non-specialised audience, which is crucial in the scope of
he sustainable development. This online interactive tool allows,
n particular, the enhancement of public awareness, not only of
he importance of retrofitting the existing building stock but also
f the major importance of the location of a house/neighbourhood
nd transportation energy consumption for daily travels.
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