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ABSTRACT: In the current context of increasing environmental awareness, energy efficiency is presented as a viable 

approach to the mitigation of climate change.  In addition to public policies dealing with energy efficiency, 

heightening public awareness on the impact of citizens’ lifestyles and behaviours is crucial and could quickly lead to 

significant reductions in the total energy consumption of a territory. This paper presents a new online interactive tool 

which enables citizens, local authorities and private developers (1) to assess energy consumption in the building and 

transportation sectors, at the individual and at the neighbourhood scales; (2) to compare them and (3) to find relevant 

and personalized hints to reduce their energy consumptions. Numerous methods and tools including a typological 

classification of buildings, thermal dynamic simulations, life-cycle assessments, statistical treatments of national 

censuses, etc. were used and combined to build the database used in the online interactive tool. This tool makes the 

main results of a scientific research accessible to a large non-specialized audience which is crucial in the scope of the 

sustainable development. 
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INTRODUCTION  

In the actual context of growing interests in 

environmental issues, reducing energy consumptions in 

the building and the transportation sectors has been 

identified as important policy targets [1, 2]. These sectors 

respectively represent 40% and 32% of the final primary 

energy consumed in Europe [3]. In this context, energy 

efficiency in the building and transportation sectors has 

been the focus a large amount of research over the past 

decades, all over the world. This research presents the 

use of mathematical models and simulation tools as the 

most credible approach to model the comportment of a 

system and predict the energy consumptions, in a global 

vision of sustainability. There are thus an incredible 

number of models, tools and papers dealing with energy 

efficiency. Most of them concerns heating requirements 

of residential or tertiary buildings, at the individual 

building scale. More recently, a growing body of the 

literature has highlighted that decisions made at the 

neighbourhood level have important consequences on the 

performance of individual buildings and studied energy 

efficiency at the district scale and at the city scale [e.g. 4, 

5, 6, 7]. The role the urban form plays in influencing 

travel mode choice and transport energy consumption has 

also be studied [e.g. 8, 9, 10, 11]. Mathematical models, 

namely those based on empirical data, have thus been 

developed and used to assess energy consumption and/or 

greenhouse gas emissions due to the mobility of 

households at the neighbourhood, city or regional scales 

[12, 13].  

Amongst numerous advantages, these approaches 

based on mathematical models and simulation tools 

allow to take into account a large number of parameters 

which are known to act upon the energy consumptions of 

a system and to carry out parametric variations to test the 

impact of several renewal strategies. However, the results 

and findings remain concentrated in the academic and 

scientific fields, whereas citizens and authorities are the 

first actors that can concretely act on the energy 

consumptions in residential buildings and daily mobility. 

The scientific popularization of academic research to the 

general public is thus crucial to ensure a more sustainable 

development of our territories and reduce impacts on the 

environment. A first good step towards more sustainable 

buildings is the famous Directive on the Energy 

Performance of Buildings that came into force in 2002 in 

Europe. However, the DEPB that aims primarily to 

establish minimum standards on the energy performance 

of new buildings and existing buildings larger than 1000 

m² subject to major renovation [14] still adopts the 

perspective of the individual building as an autonomous 

entity, and neglects the importance of phenomena linked 

to larger scales. On the whole, three main challenges 

highlighted in the literature are neglected in current 

policies: (1) the major challenge of the retrofitting of the 

existing building stock; (2) the importance of the location 

of residences, work places and services in the generation 

of mobility patterns and (3) the impact of citizens’ 
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lifestyles and behaviours on the energy consumptions in 

both sectors. 

Heightening public awareness on these challenges and 

providing them with practical hints adapted to their own 

situation is thus crucial and could quickly lead to 

significant reductions in the total energy consumption of 

a territory. In this context, the paper presents an online 

interactive tool dedicated to the energy assessment of 

building and transportation at the individual, at the 

household and at the neighbourhood scales. This tool is 

the result of an important three-year research dedicated 

to analyzing energy efficiency in the Walloon Region of 

Belgium. The rationale of the tool is firstly presented. 

Then, its content is explained. The three evaluation tools 

and the guidelines are presented and described together 

with the method and assumptions that were used to 

develop the tool. The limitations and the reproducibility 

of this approach are finally discussed. 

 

 

RATIONALE OF THE TOOL 

The rationale of the tool is to provide citizens but also 

private developers, architects and local authorities with 

an assessment of energy efficiency both in the residential 

building stock as well as for home-to-work and home-to-

school commuting, at the individual scale, at the 

household scale and at the neighbourhood scale. The 

online interactive tool allows the comparison between the 

energy used in the building and in the transportation 

sectors and, on this basis, proposes practical and 

personalized hints to reduce these energy consumptions. 

Potential energy savings related to several concrete 

scenarios are quantified which allows the user to choose 

the most efficient in its specific case. The online 

interactive tool is based on a scientific method developed 

during the research project. The method includes two 

parts: (1) an empirical approach to assess the energy 

consumed by the transportation sector. Two purposes of 

travel are currently taken into account: home-to-work 

and home-to-school travels; (2) a computational 

approach combining dynamic simulation tools and a 

database of building typologies to determine the energy 

consumed in heating buildings. Numerous methods and 

tools including a typological classification of buildings 

and neighbourhoods, thermal dynamic simulations 

software, life-cycle assessments, statistical treatments of 

national censuses, etc. were used and combined. The 

online interactive tool makes thus the main results of a 

scientific research accessible to a large non-specialized 

audience which is crucial in the scope of the sustainable 

development. To ensure a wide diffusion, the tool is now 

available on the web (www.safe-energie.be) for free. 

 

 

CONTENTS OF THE TOOL 

The website comprises three interactive evaluations 

dedicated to the assessment of energy consumption for 

heating buildings and for transportation (a simplified 

evaluation, a detailed evaluation and a neighbourhood 

evaluation), a database and eighteen specification sheets. 

Fig.1 summarizes the architecture of the website. The 

two first evaluations are dedicated to citizens, the last 

one to developers, architects and local authorities. 

 

 
Figure 1: Architecture of the online interactive tool 

 

 
Figure 2: Structure of the evaluations 
 

Each evaluation tool is structured around four parts 

(Fig. 2): (1) an assessment of the transport habits of the 

users for home-to-work and home-to-school travels; (2) 

an assessment of the heating consumption of the user’s 

house; (3) the comparison of the annual energy 

consumptions and CO2 emissions for heating the house 

and for transportation and; (4) the propositions, on the 

basis of the previous results, of practical hints 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 in its 

specific case. Assessments are realized on the basis of 

questionnaires specific to each evaluation. Data that are 

introduced in the questionnaire by the user are sent a 

database. Corresponding results are re-sent to the website 

and posted. The three evaluation tools, their aims and the 

users it is addressed to are presented in the following 

sections. The next section presents the eighteen 
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specifications sheets that complete the tool with practical 

information about energy efficiency. 

 

 

THE SIMPLIFIED EVALUATION 

The simplified evaluation allows an individual user (or 

household) to assess energy consumption for home-to-

work and home-to school travels and for the heating of 

his house on the basis of limited information. 

Questionnaire are voluntary very simple to allow the user 

to complete them quickly and without specific data. 

Energy consumption for transportation  

Two pieces of information relating to the location of the 

house of the user are needed. On this basis, the mean 

home-to-work and home-to-school energy consumptions 

are calculated for the considered district. These are given 

along with the mean travelled distance from home-to-

work and from home-to-school and the mean modal 

share in the considered district. To provide these mean 

values, a quantitative method was developed to assess the 

energy efficiency of home-to-work and home-to-school 

travels. The complete methodology and data set are 

presented in detail by [7, 13]. This method uses empirical 

data from Belgium’s national census, which is carried out 

every ten years. We used one-day travel diary data 

collected from male and female heads of households 

from the two last surveys, respectively carried out in 

1991 and 2001. For these households, information about 

demographics, socioeconomic status, car ownership, 

travel distances, the main mode of transportation used 

and the number of days worked per week and per person 

is available at the individual (disaggregated) scale. These 

data are available for both home-to-work and home-to-

school travels.  

Three indexes are derived from this method and used 

in the online interactive tool. The energy performance 

index (expressed in kWh/travel.person) for a territorial 

unit represents the mean energy consumption for home-

to-work/home-to-school travels for one worker/student 

living within a particular census block (district). This 

index takes into account the distances travelled, the 

means of transport used and their relative consumption 

rates, expressed by equation (1). In the equation, i 

represents the territorial unit; m the mean of transport 

used (diesel car, fuel car, train, bus, bike, on foot); Dmi 

the total distance travelled by the means of transport m in 

the district i for home-to-work (or home-to-school) 

travels; fm the consumption factor attributed to means of 

transport m and Ti the number of workers (or students) in 

the territorial unit i. 

 

(1) Energy performance index (i) = (∑m Dmi * fm) /Ti 

 

Consumption factors fm were calculated by [13] on the 

basis of regional and local data. Consumption factors are 

worth 0.56 kWh/person.km for a diesel car, 0.61 

kWh/p.km for a fuel car, 0.45 kWh/p.km for a bus, 0.15 

kWh/p.km for a train and 0 for non-motorized means of 

transportation because these do not consume any energy. 

The distance index (in km) represents the mean distance 

travelled (one way) by one worker/student from home-to-

work/school. The modal share index (in %) represents 

the frequency of use for each mean of transportation per 

territorial unit. Note that the annual energy efficiency of 

travels is expressed in kWh to allow for a comparison 

between the energy consumption in transport and the 

energy consumption in the residential building sector 

(heating, appliances, electricity, etc.).  

Energy consumption for heating 

The common ownership, the size of the house, the period 

of construction (or building standard) and the heating 

system are needed in the questionnaire of the simplified 

evaluation and allow the tool to give the mean heating 

consumption of a house corresponding to the 

combination of the four criteria. To build the database, a 

typology of detached, semi-detached and terraced houses 

was established to classify the residential suburban 

building stock of the Walloon region of Belgium. This 

typological approach also used by [1, 6], is based on the 

following factors: common ownership (detached, semi-

detached or terraced house), the heated area of the house 

in square meters (m²), the date of construction.  

Five age categories (pre-1950, 1951-1984, 1985-

1995, 1996-2011 and after 2011) are considered, based 

on the evolution of regional policies concerning building 

energy performance and the evolution of construction 

techniques. These age categories are used to approximate 

a mean thermal conductivity of external façades from a 

“standard” composition of walls, slabs, roofs and glazing 

attributes for buildings in each category (Table 1). 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 passive standard which respectively correspond 

to annual heating requirements lower than 60 

kWh/m².year, 30 kWh/m².year and 15 kWh/m².year. 

Using this classification, an energy consumption 

analysis is performed with thermal simulation software 

(TAS) that includes a three-dimensional modeller and an 

interface for the input of thermal information (climate 

conditions, building materials, internal conditions, 

periods of use of the house, etc.). The energy required to 

heat each type of building was modelled. Cooling 

requirements were neglected because they are minimal in 

Belgium. Indeed, the Belgian climate is a temperate 

climate. The mean temperature for the typical year used 

in the simulations is 10.3°C. The maximum and 

minimum temperatures, for the considered year are 34.9 

°C and -9.1°C.  

Primary energy is provided in the results to heighten 

public awareness on the impact of the heating system on 
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the environment. Energy consumption for heating are 

converted in primary energy by applying efficiency 

coefficients according to the heating system. Coefficients 

come from the DPEB (Annex I). 
Table1: Characteristics of External Façades 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 W/m².K 

 

U=2.5 W/m².K 

 

U=0.9 W/m².K 

 

U=0.5 W/m².K 

 

U=0.4 W/m².K 

Roof U U=1.9 W/m².K U=1.9 W/m².K U=1.1 W/m².K U=0.6 W/m².K U=0.3 W/m².K 

Slab U U=1.9 W/m².K U=1.9 W/m².K U=0.9 W/m².K U=0.5 W/m².K U=0.4 W/m².K 

Glazing type Simple glazing Old double gl. Old double gl. Double glazing  Double glazing 

Glazing U  5.8 W/m².K 2.8 W/m².K 2.8 W/m².K 1.1 W/m².K 1.1 W/m².K 

Airtightness 0.6 vol/hour 0.6 vol/hour 0.6 vol/hour 0.6 vol/hour 0.39 vol/hour 

Comparison  

The comparison sheet is one of the key-element of the 

online interactive tool. It allows the user to compare, on 

an annual basis, the energy consumptions for 

transportation and for heating the house and thus, to 

quickly identify on which sector it is important to act to 

reduce its energy consumption. Comparison between the 

annual energy consumptions for transportation and for 

heating are calculated for a “mean” household whose 

composition depends upon the surface area of the house. 

The annual energy consumptions for home-to-work 

and home-to-school travels are calculated by multiplying 

the total number of home-to-work and home-to-school 

travels (one way) for all the workers and students of the 

household by the corresponding energy performance 

index and by a standard number of working/school days 

per year. The annual energy consumption for heating the 

house is obtained through thermal simulations. Annual 

CO2 emissions are also provided. 

Improvements 

Several improvements are proposed to the users 

according to the data introduced in the questionnaire and 

the result of its assessment. These improvements deal 

with both the transportation and the building sectors. 

Each improvement comprises a brief description and a 

quantification of the potential energy savings. 

Improvements namely concern the mode of 

transportation, the travelled distances, the performance of 

the vehicles, the insulation of the building, the type of 

glazing, the heating system, etc. 

 

 

THE DETAILED EVALUATION 

The detailed evaluation allows an individual user (or 

household) to assess the energy consumptions for home-

to-work and home-to school travels and for heating his 

house more precisely than in the simplified evaluation. 

Instead of providing mean values defined on the basis of 

limited information, the energy consumptions for home-

to-work and home-to-school travels are calculated 

according to the travels characteristics of the user. The 

heating consumption is extrapolated from the typology of 

buildings. Questionnaires are more complex but results 

are closer to the real situation of the user. 

Energy consumption for transportation 

The user is allowed to precisely define the composition 

of his household (number of adults and of children) and 

the transport habits of each member of the household. 

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. Precisions 

about the consumption of the vehicle, the type of fuel and 

car sharing are asked if the mode is the car. 

The energy consumptions for home-to-work and 

home-to-school travels are calculated according to 

equation (1) but input data come from the questionnaire 

and not anymore from empirical surveys. Results are 

provided for each person and for the whole household.  

Energy consumption for heating 

The first part of the questionnaire 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 
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also possible to personalize the choice of glazing (up to 

triple glazing), the management of the heating system 

and the characteristics of the ventilation system. 

Energy consumption for heating and primary energy 

consumption are calculated on the basis of the database 

built thanks to the typological classification and thermal 

simulations. Intermediate results are extrapolated from 

close cases included in the database. Results are then 

compared with a “reference” case consisting in the same 

house entirely retrofitted to a higher insulation standard. 

Comparison and improvements 

Just as in the simplified evaluation, the two last sheets 

provide the user with a comparison, on an annual basis, 

of the energy used for transportation and for heating 

(Fig.3) and with the proposition of several improvements 

dealing with both sectors. Potential energy savings 

relating to each improvement are proposed and 

quantified. An example is provided on Figures 4 and 5. 

 

 
Figure 3: Example of results: Comparison between energy used 

for transportation and for heating (in kWh) for a household 

made up 2 adults and 3 children and for the specific data 

introduced in the questionnaires. 

 

 
Figure 4: Example of improvements: impact of the mode of 

transport used for home-to-work travels (adult 1)  

 
Figure 5: Impact of one scenario (50% of travels to work by 

bus) on the energy consumption of the household 

 

 

THE NEIGHBOURHOOD EVALUATION 

The neighbourhood evaluation is dedicated to private 

developers, local authorities and architects. It 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 expected home-to-work 

and home-to-school energy consumptions. 

Energy consumption for transportation 

The questionnaire is the same than in the simplified 

evaluation and energy consumption indexes for one 

representative worker and one representative student are 

calculated according to the same method. The 

composition of the (future) neighbourhood is added in 

order 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 considered (future) neighbourhood and by a 

standard number of working/school days per year.  
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Energy consumption for heating 

Energy consumption and primary energy consumption 

for heating at the neighbourhood scale are calculated by 

adding the results from the energy consumption analysis 

for each type of house according to their distribution in 

the neighbourhood, as mentioned in the questionnaire. 

Up to four types of buildings can be used to compose the 

entire neighbourhood. Results are compared with a 

“reference” neighbourhood made up more energy-

efficient houses (low energy, very low-energy and 

passive standards). 

Comparison and improvements 

Just as in the two previous evaluations, the two last 

sheets provide the user with a comparison, on an annual 

basis, of energy used in for transportation and for 

heating, at the neighbourhood scale, and with the 

proposition of several improvements dealing with both 

sectors. Potential energy savings relating to each 

improvement are quantified for the whole district. 

THE SPECIFICATION SHEETS 

Eighteen specifications sheets complete the website by 

providing the user with static information about energy 

efficiency. These sheets are classified around four main 

themes: (1) general and urban sprawl; (2) energy 

efficiency in the transportation sector (mobility); (3) 

energy efficiency in the building sector (building) and (4) 

energy efficiency at the district scale (urban form).  

These specification sheets not only present the 

methods, assumptions and data used in the online 

interactive tool but also practical hints to improve energy 

efficiency at the household scale and at the 

neighbourhood scale. Life-cycle assessments of 

buildings, the importance of the heating system, the 

impact of location on mobility patterns and the use of 

renewable energies are also investigated. 

 

 

TESTS AND ADVERTISING 

To test the relevance and the applicability of the 

interactive tool, several test-sessions were organized with 

different focus groups (secondary schools, students in 

urban planning, government officers, architects, 

researchers in sustainable architecture and a non-

specialized audience). The feedbacks were quite positive, 

especially from government officers who lack evaluation 

tools dealing with both the transportation and building 

sectors and minor amendments were made to improve 

the tool. Two formations were organized and several 

general-interest papers were published to ensure a wide 

diffusion of the tool. The tool is currently online and 

used by citizens. An assessment will further be organized 

to identify its impact on everyday behaviour of users. 

 

 

DISCUSSIONS 

Like any other scientific work, this online interactive tool 

suffers from several limitations. Currently, results only 

take into account the energy consumption for home-to-

work and home-to-school travels and for the heating of 

the house. The building database contents only suburban 

types of buildings. These two limitations will however be 

addressed soon thanks to a new research project 

(Solutions for Low Energy Neighbourhoods - SOLEN) 

that will allow to take into account rural and urban types 

of buildings but also to address energy consumption for 

leisure and shopping travels. The energy consumption for 

hot water and appliances and the use of renewable energy 

of energy will be integrated in the project and in the 

updated version of the online interactive tool.  

Finally, the online interactive tool is only available in 

French, for the Walloon region of Belgium. Methods, 

tools and data used to develop the tool are however 

sufficiently general for application in many other areas in 

Europe and beyond, by adjusting parameters, such as 

those relating to climate, vehicles performances or 

characteristics of the building. 

CONCLUSIONS 

This paper presented a new online interactive tool 

(www.safe-energie.be) which enables citizens, local 

authorities and developers (1) to assess the energy 

consumption in the transportation and in the building 

sectors, at the individual, household and neighbourhood 

scales; (2) to compare them and (3) to find relevant and 

personalized hints to reduce their energy consumptions. 

It makes the main results of an important three-year 

scientific research accessible to a large non-specialized 

audience. 
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