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This research aims to identify the statistical sensitivity of multi-scale urban design factors regarding buildings' energy demand located in three districts in the city of Toulouse, France. The research method is composed of four main steps: (a) three typical urban blocks of Toulouse are parametrized, considering factors ranging from the urban form to the building material scales; (b) a fractional factorial sampling method is applied which allows elaborating statistically representative and non-redundant scenarios from all design variables and for each specific urban district; (c) the urban energy models generated are interactively assessed regarding the annual buildings' heating and cooling loads for the temperate climate context of Toulouse, France; (d) through a global sensitivity analysis, results obtained are estimated through a statistic hypothesis test, which allows identifying the influence of the design variables on each energy response of interest. Results show that urban multi-scale design variables may have divergent influence on the same energy response when the urban form context changes. For traditional urban compact blocks, two less current urban form factors considered in this study (the courtyard aspect ratio and the standard-deviation of the built height) account for almost 50% of the overall impact on heating demand of buildings while building and envelope scale factors, such as glazing window properties, have more influence for pavilions and slabs urban blocks. The relevance of certain factors was strongly linked to their typologies or to their urban environment.

Introduction

Building is the major energy-consuming sector in cities todays and is responsible for over 50% of construction-related emissions [START_REF] Mazria | Resusitating a dying world. The 2010 imperative: A global emergency teach-in[END_REF]. In France, buildings account for about half of all final energy consumption, being far more pollutant than transportation and industry (ADEME 2011). Even if construction is a very dynamic economic sector in France (INSEE 2010), it has suffered for many years from structural weaknesses, particularly in terms of energy and environmental impacts [START_REF] Bonhomme | Contribuition à la generation des bases de données multi-scalaires et évolutives pour une approche pluridisciplinaire de l'energétique urbaine[END_REF] [START_REF] Martins | multipliCities" : multi-scale energy modelling of urban archetype buildings, case-study in Toulouse . Passive and Low Energy Architecture Conference[END_REF]. Over the last thirty years, the final energy consumption related to urban buildings has increased by more than 20% (ADEME 2011). To manage and particularly reduce the global environmental impact for both new and existing urban buildings, urban actors need to be better informed not only on which sectors and buildings currently cause those emissions [START_REF] Reinhart | Urban building energy modeling e A review of a nascent field[END_REF], but also on how urban building stock can evolve and which design strategies they should prioritize.

3 cooling demand of buildings and their solar energy potential, using the solver of the software CitySim, within a case study in the city of Toulouse, located in the southwest of France.

3. The collected results are assessed through a statistical hypothesis test, which allows identifying the effect size of the multi-scale design variables on each energy response for each contextualised urban archetype.

The city of Toulouse is located in the south west of France, at 43°36' North latitude and 1°26' West longitude and lies at an altitude of 263m, on the banks of the river Garonne. Toulouse presents a temperate climate with oceanic, Mediterranean and continental influences, characterized by very warm, dry summers. Heavy precipitation can occur during mild winters, which are dominated by mid-latitude cyclones. Seasonality is moderate (Köppen-Geiger classification: Cfb). Toulouse is characterized by a very high attractiveness rate, with around 20,000 new inhabitants arriving every year and has experienced an intensive spreading of its urban metropolitan area. This makes it necessary to carry out multidisciplinary studies on how the existing urban morphology and the local building stock can evolve whilst integrating existing and new building energy requirements. At the same time, this rapid urban development of Toulouse induces a strong transformation of peripheral areas into new urban districts and also opportunities to redress appropriately existing urban neighbourhoods; all these expansion and transformations has significantly effect on energy demand and on the potential of energy production of buildings.

Urban archetypes characterization and parameterization

There are many different ways of describing an urban archetype. Number of authors has used this concept to model and assess energy and other environment impacts as well as to predict future energy of cities at a regional scale [START_REF] Lechtenböhmer | The potential for large-scale savings from insulating residential buildings in the EU[END_REF] and at the urban scale [START_REF] Firth | Investigating CO2 emission reductions in existing urban housing using a community domestic energy model[END_REF] [START_REF] Shimoda | Residential end-use energy simulation at city scale[END_REF]. At the urban block scale, Ratti, Raydan & Steemer (2003) examine environmental performance of a few generic urban archetypes, such as pavilions, slabs, terraces and courts. Arantes et al. (2013) applied six different generic urban blocks based on a density definition (number of habitat/ha) to analyze energy performance of built urban forms. [START_REF] Cheng | Urban form, density and solar potential[END_REF] studied the impact of randomness in the plot layout and height of buildings at high urban densities forms. [START_REF] Rode | City and Energy: Urban morphology and heat energy demand[END_REF] created five idealized samples, based on the most generic features of the building configurations of the four biggest cities in Europe. [START_REF] Vartholomaios | A parametric sensitivity analysis of the influence of urban form ondomestic energy consumption for heating and cooling in aMediterranean city[END_REF] develops a parametric sensitivity study of the parameters defining the urban form, based on three generic forms, on the heating and cooling energy demand of a typical building in a Mediterranean city. Although the foremost interest of comparing energy performance of different geometries for a given climate, most of the cited research works does not take into account the real urban immediate and near context-related characteristics that mostly coexist with the assessed urban form or archetype and that may strongly interfere with the energy analysis.

Together with urban stakeholders, an interdisciplinary methodological approach has been carried out for the present study. Urban archetypes have been defined based on four main principles: historical diversity of urban form and construction; national representativeness (so that the study could be easily transposed), local urban regulation limits and geographical situation (e.g. varied types of urban fabric). The different levels of this methodological approach allowed a better integration of the multi-scale modelling. Eight urban archetypes have been carefully identified from different architectural periods as well as different centralities (e.g. downtown, inner suburbs, concerted development areas -ZAC, etc.) for the city of Toulouse and that could be easily applied for the other European traditional cities (Figure 1). As many European cities, it is possible to recognize in an urban area, an ancient central core in which we can find compact continuous buildings into closed city blocks. These buildings can be characterized as mixed used spaces (commercial, services and collective houses) situated into dense urban block surrounded by narrow streets. In the nearby periphery, one can note the appearance of some slab buildings, of different scaled dimensions, which consists of building complexes intended to house a large number of people which were built after the second world war. In the outskirts of the city, the urban fabric spreads itself with a great predominance of individual houses in the shape of discontinuous and semi-continuous pavilions into large plots with the presence of large backyards and surrounded by fairly wide streets. In order to characterize the urban archetypes and measure the influence of multi-scale typo-morphological parameters defining them in terms of the energy demand and potential of solar energy supply, a structured set of relevant factors is considered here (Figure 2). In previous studies developed by our research team, an exhaustive set of building metrics at different spatial scales was established in regards with the building energy demand problem in cities [START_REF] Adolphe | SAGAcités -vers un Systeme d'Aide à la Gestion des Ambiances urbaines[END_REF]. The major design parameters retained in this morphological approach is briefly described in the Figure 2.

The hypothesis of this methodological procedure is fully described in [START_REF] Adolphe | SAGAcités -vers un Systeme d'Aide à la Gestion des Ambiances urbaines[END_REF]. To cope with the need to appropriately describe one of the most typical urban architecture in European cities, the continuous building into closed city blocks, we have integrated a new metric to the initial list of indicators: the courtyard/patio aspect ratio. This indicator can be defined as the ratio of the mean building height to the patio width.

Retained indicators Scale

Floor Area Ratio To further illustrate all these design variables and urban form indicators, Table 2 summarizes some of the abovementioned characteristics for the three urban archetypes studied. It presents the base case values regarding the main multi-scale energy-related factors which will be used in the sensitivity analysis. This first results (for the three urban base cases) was obtained with the use of CitySim energy model which will be described in sub-section 2.3.

From Table 2, several information can be observed and we have chosen some of them to be addressed here. The Belfort District (ancient compact city) is characterized by relatively high-values of density factors (e.g.

Floor Area Ratio, Plot Ratio, Mean Height) while it also presents a much more compact urban block form (e.g.

Shape Factor

) compared to the other two urban districts studied. On the other hand, the level of wall U-value (heat transmission coefficient) of its buildings is relatively lower. These discrepancies between an ancient hypercentral district (such as Belfort) and discontinuous homogeneous grids (such as Hers and Castors), does not seem to lead to expressive variations on their energy demand responses (Table 2). We can try to explain these results by the fact that the values of certain well-known urban form indicators induce the reduction of the buildings' energy demand (e.g. shape factor) and may compensate the negative effect of other maybe equally important parameters (e.g. wall U-value).

The pavilion urban block of Castors presents two main differences from the others two: a lower glazing ratio with higher levels of glazing G-value and a north-south orientation for most of its façades. These characteristics may explain the low levels of energy demand for cooling its buildings.

The slab urban form of Hers district stands out for being the best performing urban archetype regarding the solar energy potential of buildings, which could be explained by its relatively tall buildings with homogeneous height and spaced enough from each other that consequently prevent casting of shadows on roof surfaces.

Many useful knowledges and hypothesis could be assumed from assessing and comparing energy results, but the analysis of these different indicators can be an extremely complex task to achieve since we are not able to examine them individually and objectively. This is why a parametric sensitivity analysis is proposed in order to quantify and indicate the direct or inverse main and interaction effects of each design factor on the energy demand and solar energy potential of each urban archetype studied. To parameterize the three urban archetypes through a set of relevant factors characterizing urban form and building properties listed above (Figure 2 and Table 2) and measure their sensitivity by a statistical study, a reasoned simplification on the 3D shape of the original urban block was required as discussed in the following sub-sections.

Continuous buildings into closed city block: the compact city of "Belfort"

The urban block of Belfort was slightly simplified (Figure 3). All irrelevant small volumes were suppressed from the 3D scene and the main block were vectorised. For each building, we coded a variable vector, from which all the morphological factors values could change and be calculated. The figure 3 indicates the primary multi-scale design variables and their range of variation. From these primary variables, it was possible to calculate the other relevant factors indicated in the Figure 2. For the Belfort district, we considered buildings with an average depth and average width of 20m and 10m, respectively, as constant variables. We have assumed that, since we chose to keep the urban form definition of the archetype ("continuous building into closed urban block"), the changing in these parameters could not have significant influence, and would increase the number of factors to be considered in the statistical test. However, we have changed the openness of the courtyard of the city block by simultaneously considering a width for the urban block courtyard/patio, expressing a new metric proposed for this study and assumed to have a considerable influence on the overall energy balance of buildings: the "patio aspect ratio".

Continuous pavilions into open city block: the slab city of "Château de Hers"

In the same way, we have simplified the "Hers" block, while keeping the characteristics defining the archetype "continuous buildings on open block", as well as all the characteristics defining the block-type chosen, the main orientation of all buildings, its precise location in the existing urban grid, as well as the range of materials that defines it (Figure 4). 

Semi-continuous pavilions: the Pavilion "Cité of Castors"

For "Castors city", we have simplified and kept the characteristics defining the archetype "pavilion on open block": its orientation, its situation in the existing urban scene, as well as all the range of materials that compose it (Figure 5). Then, we proceeded to a vectorization in order to code the factors of interest as well as their ranges of variation. 

Sensitivity analysis methodology

Sensitivity analysis has been pointed as a valuable tool for energy simulation model in buildings [START_REF] Tian | A review of sensitivity analysis methods in building energy analysis[END_REF] as well as in urban scale models [START_REF] Martins | Sensitivity analysis of urban morphology factors regarding solar energy potential of buildings in a Brazilian tropical context[END_REF]) [START_REF] Vartholomaios | A parametric sensitivity analysis of the influence of urban form ondomestic energy consumption for heating and cooling in aMediterranean city[END_REF]. Sensitivity analysis can be defined as the study of how changes in the output of a model is assigned (qualitatively or quantitatively) to different bases of input variation [START_REF] Tian | A review of sensitivity analysis methods in building energy analysis[END_REF]. It can provide valuable information regarding the structure of the model, and its statistical confidence upon the input variables [START_REF] Saltelli | Sensitivity Analysis: Gauging the Worth of Scientific Models[END_REF]. To explore the characteristics of building thermal performance, different applications can be noted, such as in early phases of building design [START_REF] Hygh | Multivariate regression as an energy assessment tool in early building design[END_REF]) [START_REF] Hopfe | Uncertainty analysis in building performance simulation for design support[END_REF], building retrofit [START_REF] Gustafsson | Sensitivity analysis of building energy retrofits[END_REF], building stock [START_REF] Moran | Developing a database of energy use for historic dwellings in Bath, UK[END_REF]. Other studies have also applied sensitivity analysis on urban scale models regarding solar energy potential [START_REF] Martins | Sensitivity analysis of urban morphology factors regarding solar energy potential of buildings in a Brazilian tropical context[END_REF], energy demand of buildings [START_REF] Wong | Evaluation of the impact of the surrounding urban morphology on building energy consumption[END_REF]) [START_REF] Miller | Urban form and building energy: quantifying relationships using a multi-scale approach[END_REF] [START_REF] Delgarm | Sensitivity analysis of building energy performance: A simulationbased approach using OFAT and variance-based sensitivity analysis methods[END_REF].

Multi-scale sensitivity analysis with context-related energy models have not yet been suitably addressed and embrace a large range of relevant input variables which can play decisive role on modifying the potential energy demand and supply in cities. This research is interested in highlighting the most influent input factors on the heating and cooling demand of buildings in a typical European city under temperate climate and in ranking the inputs of a multi-scale model in function of their output influence. The relative influence of these design factors on the energy response may enable a better support on decision-making process of urban building design as well as on setting thresholds of building regulations according to each particular urban context.

Parametric studies consist of a pertinent way of reaching this kind of objective. However, since the number of cases to be studied increases with the number of input variables involved [START_REF] Rodrigues | Planejamento de experimentos e otimização de processos[END_REF], performing dynamic computer simulation of numerous and often unplanned cases can be extremely time consuming with excessive computational effort associated [START_REF] Martins | Sensitivity analysis of urban morphology factors regarding solar energy potential of buildings in a Brazilian tropical context[END_REF].

To conduct a sensitivity analysis for building energy analysis, one has to follow few typical steps (Figure 6). It starts by identifying the input factors and the output parameters of interest in which the sensitivity will be measured. For each input factor, a number of levels is defined. It consists on the range for which the effect of a variable is desired to be known. Experiments are then defined based on a specific sampling-based design method, which defines each input factor for each run of the experimental tests. Responses obtained in each run of the test are assessed, observing the possible differences in the input changes. These differences are then attributed to individual input variables acting alone (main effect) or in combination with another input variable (interactions effect). Finally, the significance of the observed effect is calculated by means of statistical tests.

Figure 6: typical methodological steps for sensitivity analysis in urban buildings performance analysis. Adapted from [START_REF] Tian | A review of sensitivity analysis methods in building energy analysis[END_REF].

Planning an experiment with a fractional factorial sampling

The sensitivity analysis methods applied in the field of building energy analysis can be divided into local and global approaches [START_REF] Saltelli | Update 1 of : sensitivity analysis for chemical models[END_REF]. Local sensitivity analysis belongs to the class of the onefactor-at-a-time methods where factors are assessed by selecting one base case design and by changing one factor at a time, keeping the other factor values constant [START_REF] Tian | A review of sensitivity analysis methods in building energy analysis[END_REF]. It has been extensively used in the field of building energy analysis [START_REF] Lomas | Sensitivity analysis techniques for building thermal simulation programs[END_REF]) [START_REF] Lam | Sensitivity analysis of energy performance of office buildings[END_REF]) [START_REF] Petersen | Method and simulation program informed decisions in the early stages of building design[END_REF]. Though, two of their major drawbacks concerns the very limited space of research to be explored around a case study and the fact that there is no self-verification which allows explaining how much variations of the outputs are accounted by the input factors [START_REF] Saltelli | Sensitivity analysis: could better methods be used[END_REF]. For these reasons, the global approach is therefore more appropriate when conducting a sensitivity analysis and it was chosen in the framework of this research study.

In this context, to perform sensitivity analysis, one usual method consists of planning an experiment or using sampling-based methods. In statistics, an experiment consists of a series of tests in which the input variable values are changed according to a given rule to identify the reasons for the changes in the output responses [START_REF] Esteco | modeFRONTIER-the multi-objective optimization and design environment[END_REF].

Consequently, an important preliminary step of a sensitivity analysis is the initial sampling of the design space in which the values of the input variables are scattered. There are several methods allowing to scatter the design space. The most known methods are: random space fillers (Sobol, Latin hypercube), robust sampling (Monte Carlo, Taguchi) and the statistical sampling methods (Latin-square, Factorial, Cubic Face Centered, Box-L. Behnken) [START_REF] Montgomery | Design and Analysis of Experiment[END_REF].

Given the randomness, simple space fillers or repeated random sampling such as Monte Carlo method, do not follow a design rule. The experiments are then defined to cover the problem domain as much as possible, but may fatally privilege specific regions of the space and result in a significant correlation of the factors which are not suitable for statistical inference since they may lead to misleading conclusions. The statistical category of sampling techniques is most suitable to carry out reliable statistical sensitivity analyses. Through these methods it is possible to identify the most significant design variables for the problem. The overall behaviour of the model is also known through these methods. Among the sampling-based methods that allow a statistical analysis for subsequent results inference, the factorial methods are one of the most applied for sensitivity analysis [START_REF] Fisher | The Design of Experiments[END_REF]) [START_REF] Montgomery | Design and Analysis of Experiment[END_REF]) [START_REF] Rodrigues | Planejamento de experimentos e otimização de processos[END_REF], specially when multiple factors are involved.

One possible factorial way of sampling experiments is by fully scattering the design space. The known full factorial method is used to study interactions between variables by measuring the response of every possible combination of factors. The easiest full factorial has two levels for each input variable, i.e. lower and upper bounds.

However, the full factorial method can be useful when less than five factors are under investigation. Otherwise, the testing of all possible combinations becomes computationally expensive and time-consuming as the number of designs can grow exponentially. Full factorial method also leads to the increase of higher-order interactions. And since most of those high-order interactions are often negligible for the experiment, we can focus on the main effects and on the firstorder interactions [START_REF] Montgomery | Design and Analysis of Experiment[END_REF]) (Martins T. , [START_REF] Martins | Sensitivity analysis of urban morphology factors regarding solar energy potential of buildings in a Brazilian tropical context[END_REF]. To solve this problem, we have chosen to use only a fraction of a full factorial. The fractional factorial sampling method consists of selecting a subset of 2 k-p designs from all possible combinations of a full factorial design 2 k , where p is the fraction number of a complete design to be run. One widely adopted strategy is a half fraction of a full design, represented by 2 k-1 [START_REF] Montgomery | Estatística Aplicada e Probabilidade para Engenheiros[END_REF], as it involves running only half of the treatments of the full factorial. Even though this sampling method allows a large reduction in the number of experiments required, it is possible to use even smaller fractions and still be able to provide as much useful information as greater savings [START_REF] Rodrigues | Planejamento de experimentos e otimização de processos[END_REF]) [START_REF] Montgomery | Estatística Aplicada e Probabilidade para Engenheiros[END_REF]. For this study, comprising a total sixteen multiscale urban design variables (see Figure 3-5), a full factorial design would define 65,536 experiments (2 16 ). Due to the high number of relevant factors to be studied, we have carefully chosen a quarter-fraction of a full set as a reasonable trade-off between reliability on statistical information and computer cost which represented 16,384 energy models run.

Statistical sensitivity analysis with a variance-based method

Once a statistical representative sampling of the design space is established and the simulation runs executed, we seek to observe the variations caused in the response of interest by the variations in the levels of the involved factors. The inference about the behaviour of the designs studied is based on the statistical analysis of these variations observed in the samples.

To carry out a statistical sensitivity analysis, one has to formulate a statistical hypothesis and, based on sample observations, check its validity. A statistical hypothesis test is a method of statistical inference. Therefore, to verify the importance of the design variables and their interaction effect on the energy response outputs, a statistical hypothesis test is applied, by using the data obtained from our energy model experimental runs with CitySim, which will be briefly described in sub-section 2.3.

A result is considered statistically significant if it is unlikely to have happened only by chance, according to a threshold probability, the significance level [START_REF] Gajjar | Hypotheses and Testing[END_REF]. When these so-called tests of significance are available one may discover whether a second sample is or is not significantly different from the first [START_REF] Morrison | The significance Test Controversy[END_REF] which means the test will assess if the average response with respect to the upper level factors are significantly different from those with respect to the lower level factors [START_REF] Morrison | The significance Test Controversy[END_REF].

In a sensitivity analysis, statistical hypothesis test and confidence interval estimation of studied factors are critical. To perform such analysis, one has to formulate the hypothesis to be tested: the null hypothesis, H 0, and the alternative hypothesis, H 1 . We assume that the sixteen-urban design factors studied represent significant impact on the three-energy response studied here: the heating and cooling loads of urban buildings and the solar energy received over their roofs in the context a temperate climate of Toulouse, France. And based on this statistical hypothesis, we will verify if changes in the average of the response values can be found when changes are imposed to the design factors involved.

Null hypothesis corresponds to a general or default position, and it is the statement that one wants to deny. Alternative hypothesis predicts the results from the experiment when the null hypothesis is denied. For example, the null hypothesis might be that there is no relationship between two response parameters,
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where µ+ is the mean of specific response in the upper level of domain of the input variable; µ-is the mean of specific response in the lower level of domain of the input variable; and ∆ is the value of the difference between means.

Studies on hypothesis test highlight that the null hypothesis cannot actually be proved. Data sets can only refute a null hypothesis or fail to reject it [START_REF] Johnson | The Insignificance of Statistical Significance Testing[END_REF]. The decision of rejecting or not the null hypothesis can be taken based on a confidence interval. Here we consider a confidence interval of 95%, corresponding to significance equal to 0.05.

To assess the significance of the design variables effect on the response parameters a Students t-test is considered. This test is used to evaluate if two sets of data differ significantly. Based on a two-sample pooled t-test with equal variances the statistic test is defined as [START_REF] Box | Statistics for Experimenters: An Introduction to Design, Data Analysis, and Model Building[END_REF]:

t = | | ( ) [3]
where n + and n -are the numbers of values in the upper and lower parts of domain of the input variable; X + and X -are the means of the values for the response parameters in the upper and lower parts of domain of the input variable; S P is the general variance given by

S = ( ) ( ) [4] S = ∑(! ) [5] S = ∑(! ) [6]
where x -and x + are the upper and lower output variables, respectively, and S and S are the variances of the population for the response output variable in the upper and lower parts of domain of the input variable [START_REF] Box | Statistics for Experimenters: An Introduction to Design, Data Analysis, and Model Building[END_REF].

The above described statistical model for the sensitivity analysis is coded in the multidisciplinary software platform ModeFrontier® [START_REF] Esteco | modeFRONTIER-the multi-objective optimization and design environment[END_REF] that was used in this research coupled with the energy model for urban scale buildings, CitySim.

Multi-scale urban energy modelling with CitySim

CitySim is a dynamic modelling tool of the energy flows of buildings at the urban district scale. It allows the simulation of buildings thermal needs, daylighting and solar energy (thermal and photovoltaic) while integrating the complex interactions between buildings on the urban scale: the effects of solar masks, the inter-reflections of urban surfaces and the infrared exchanges. It includes four main models: a complete radiation balance model of all urban surfaces (long and shortwave radiation exchanges), an occupant behaviour model allowing to compute user's presence, use of electrical equipment, opening windows and management of blinds, a building systems model (heating, air conditioning, interior lighting) as well as a simplified thermal model which evaluates the heat exchanges by conduction and convection, reaching dynamically the air temperature inside of the buildings. The information needed for the simulations is hierarchically structured in CitySim according to the scale level of details, ranging from the far field obstruction on the city scale to the buildings envelope specifications, allowing a multi-scale building energy simulation (Figure 7).

To compute hourly irradiance of short and longwave radiation exchanges on building surfaces, which allows predict the daylight availability inside of the buildings, a Simplified Radiosity Algorithm (SRA) is coded into the software [START_REF] Robinson | Computer modelling for sustainable urban design[END_REF]. The SRA consists of a coupling of models that allows predicting radiant energy flux reaching at and emitted by any shape of building, accounting for the effects of urban obstructions in reducing direct, diffuse and contributing to reflected radiation [START_REF] Robinson | Computer modelling for sustainable urban design[END_REF]. The accuracy of this algorithm was tested by comparing results, for identical urban scenarios, with a referential ray-tracing program, RADIANCE [START_REF] Ward | Rendering with Radiance -The Art and Science of Lighting Visualisation[END_REF], reaching good agreement.

Concerning the thermal model, in brief, the heat flow through the walls is determined based on the analogy with an electrical circuit [START_REF] Robinson | From the neighbourhood to the city: resource flow modelling for urban sustainability[END_REF]. For the convective heat transfer coefficients, correlations by [START_REF] Mcadams | Heat Transmission[END_REF] are used. To get individual surface temperatures of façades and roof, each building is modelled as composed of several thermal zones which consists of exterior walls (or roof) and their associated part of the building volume. To model the heat storage and heat conduction in wall, roof, floor and the urban ground, a number of layers can be defined with thickness, heat conductivity, heat capacity and material density as input parameters. The energy model of CitySim has been compared to more detailed simulation tools within the frame of the Building Energy Simulation Test -BESTEST evaluation [START_REF] Judkoff | International Energy Agency building energy simulation test (BESTEST) and diagnostic method[END_REF]. The reliability of the code was also verified experimentally by comparison with data from a measurement campaign made in a building of the EPFL campus in Lausanne, Switzerland.

The standard-deviations verified were about 5% regarding heating requirements [START_REF] Walter | A verification of CitySim results using the BESTEST and monitored consumption values[END_REF]. All the models coupled in the CitySim is fully described in [START_REF] Robinson | Computer modelling for sustainable urban design[END_REF].

CitySim provides a command-line solver allowing it to be coupled with other models, such as statistic or parametric evaluation design models. In this study, the solver of CitySim was coupled with a multidisciplinary optimization platform, modeFrontier, for the sensitivity analysis. The input variables to be assigned consist of a set of buildings' characteristics, 3D geometry and thermo-physical properties of their walls, roofs and floor composition (in a XML file format), and the climate files (Meteonorm CLI file format). Among the output variables available, this study considered the yearly heating and cooling needs [kWh/(m 3 .year)], the solar irradiation [kWh/(m 2 .year)] (direct, diffuse and reflected contributions) and yearly mean illuminance [lx/year] in buildings.

To appropriately cope with the multi-scale modelling problem, we have proposed a reasoned multi-level of details to feed the geometry data required in CitySim which allows reducing the amount of input information in the simulation software, thus reducing the power required and the computation cost [START_REF] Martins | multipliCities" : multi-scale energy modelling of urban archetype buildings, case-study in Toulouse . Passive and Low Energy Architecture Conference[END_REF]. Four levels of detail were then considered. At the city scale, data obtained from GIS database for Toulouse allowed us to integrate the local urban horizon line which is then integrated in a .hor auxiliary file. At the district scale, 2.5D data exported from ArcMap (ArcGIS) for each one of the three districts studied were used. At the urban block scale, geometries were considered as simplified 3D buildings to be vectorised together with the envelope detailed materials attributed in the elements of decomposed façades. This fourth level of detail were considered for façades and surrounding ground surfaces allowing more detailed response in terms of irradiation (short and longwave) exchange (Figure 7). In order to model the 2.5D and 3D geometry, Citysim allows importing regular 3DFACE .dxf file. The software offers a plugin to SketchUp to create it.

To enhance the 3D geometry, a new plugin that allows creating automatically decomposed facades to our 3D model was already proposed for our research team [START_REF] Martins | multipliCities" : multi-scale energy modelling of urban archetype buildings, case-study in Toulouse . Passive and Low Energy Architecture Conference[END_REF]. Then, all the 2.5D and 3D typical geometry data were written in a the native .xml file.

Figure 7 : different scale levels of energy evaluation proposed for the energy modelling. To conduct this research, two computer programs were then coupled: the solver of CitySim [START_REF] Robinson | Computer modelling for sustainable urban design[END_REF], for the dynamic simulations of multi-scale urban energy models, and modeFRONTIER® [START_REF] Esteco | modeFRONTIER-the multi-objective optimization and design environment[END_REF] for the sensitivity analysis.

Results and discussions

From a statistical hypothesis test, the main and interactions effect size of the various factors influencing the buildings' energy responses (heating and cooling demand) as well as for the solar potential on roofs were obtained. The main effect of factors is assessed regarding their individual performance influence on each response considering wide ranges of variations. To represent the main effect of factors, a student t-test graphs is applied here. In order to identify and qualify the intensity of these effects, only factors presenting a significance comprised in the statistical interval of confidence is shown in the graphs. As stated earlier, we consider here a confidence interval of 95%. All other factors not included in the graphs means that they do not produce significant effect on the response. The interaction effect size allows assessing the existence of strong interrelationships between factors where the effect of a variable depends on the response of another one. In the following sub-sections, the relative impact of these factors individually and combined, for each urban archetype, will be discussed.

Sensitivity analysis for compact cities

From the results obtained for the heating and cooling demand in the Belfort district (Figure 8 and Figure 9), one can verify the effect size and also the direction of the influence of factors. If the variation of the effect size is given in the same way as the response-variable, the factor in question presents a direct influence. If opposite, the factor indicates an inverse influence. We have already seen a significant difference with the results of the previous sensitivity study (carried out with a so-called generic island generalizable statistically. In the figures presented below, the factors showing a direct influence are presented in red colour and factors showing an inverse effect are presented in blue.

As discussed before, Belfort consists of an ancient compact district in Toulouse where its urban blocks shape presents extremely limited flexibility of changing. At the urban block scale, the only permitted dimensions that could be changed consist of the buildings height and the building depth. The latter changing significantly the density of the urban block at many levels. Despite all that, this contextualized sensitivity analysis shows that the two most influent factors among many others are two urban form factors: the standard-deviation of the mean height and the aspect ratio of the courtyard/patio.

From the results presented in the Figure 8, we can notice that the SDV of Height shows an inverse effect size, which means that it leads to a reduction in the energy demand for heating needs. And the patio aspect ratio leads to a direct effect. For the SDV of height, the higher the value for this factor is, the greater the reduction on heating needs which could reach around -40 kWh/m 3 less energy in a year. Included in the same confidence interval, another relevant factor such as the floor area ratio would represent a reduction of only -3 kWh/m 3 .year. The increase in the standard deviation of the height increases the number of non-contiguous and outside exchanging surfaces, in the particular case of Belfort, on an East-West street axis, which can favour solar gains. This unexpected result leads us to believe that the search for a large standard deviation in an orientation like East-West could even compensate the heat losses associated with a lower contiguity of building. It is possible to endorse this analysis when contrasting it to the results obtained for the solar potential response on the east facades of the Belfort block.

In the other direction of impact, great attention must be given to a new factor considered here, the patio aspect ratio of an urban block. This factor is defined by the relationship between the mean height of buildings into the urban block and the mean distance between them inside closed urban blocks. This factor shows a direct effect size which means it leads to an increase on the heating demand response. The greater the patio aspect ratio, the higher the heating needs of the buildings which can extent an influence of +24 kWh/m 3 .year when taken to its maximum value. The solar heat gains in winter-time inside urban compact blocks is more pertinent as a design choice than making it more closed. In Toulouse, as in other European cities, the ancient urban districts have aroused great interest and the local socio-economic dynamic has recently led to a gentrification of this kind of urban environment. Consequently, old and new residents have been questioning about changes that should be carried out to adapt the ancient buildings to thermal regulations or to other space quality requirements. Though, local urban code is very strict and often based mostly on patrimony issues. The results presented above may allow discussing the revision of few thermal regulation and urban code priorities. For instance, if one reasonably allows rising one or two floors for certain buildings into closed urban block (presenting the same solar orientation) and at the same time limit the extension of the building depth (inside the block's courtyard), might allow a greater improvement in their energy performance of buildings at the urban scale than certain technologies including changing envelope material properties. The SDV of buildings height provides an impact 50% more important than the following factors on the calculated hierarchy. Before any conclusion could be drawn, we should also analyse the interaction effect of the studied factors for each energy response. In this regard, a half-normal plot of effects based on the absolute value of the effect estimated against cumulative normal probabilities was also performed [START_REF] Montgomery | Design and Analysis of Experiment[END_REF]. A normal-plot graph is useful to distinguish between the most significant (upper-right) and less significant (lower-left) effects, considering main and first order interaction effects simultaneously. In the graphs of Figure 9, red squares represent the direct effect on the response. It means that when the value of a factor or of a combination of two factors increases, the response measured also increases. Similarly, the inverse effect in the response is represented by blue squares. From figure 9, it is possible to verify that acting simultaneously on the two urban morphology factors (Patio aspect ratio and SDV of height) on might obtain an even greater energy impact.

Nevertheless, we can also verify the non-negligible direct effect of the Glazing G-value, the Solar protection, the Wall conductivity and the Glazing ratio of building façades, specially regarding to the cooling energy demand for buildings (Figure 8). For instance, raising the Glazing G-value (which means increasing solar gain through windows) and Glazing ratio of façades leads to an important increase in the buildings' cooling demand. In Belfort district blocks, windows of high glazing G-value and presenting no solar protection devices increases cooling demand of around 13 kWh/m 3 .year. This fact highlights the major importance of measures that limits space overheating under temperate climate in south Europe areas, such as the south French cities, especially in mid-season and summer-time. In urban environments, the thermal performance of buildings can be exacerbated by the bad treatment of their exchanging surfaces. Under this climate context, the intense seasonally solar radiation over building surfaces may produce undesirable heat gains, especially through south and southwest facades and roofs. Many well-known architecture design measures allow protecting these facades by working on its thermal inertia while insulating walls, sizing shading devices, etc., however, consistent decisions should be taken in all design scales simultaneously, from a reasoned planning of the urban form to a judiciously specification of building envelope technologies. Thus, hierarchizing a number of these relevant multi-scale factors may support these decisions. In contrast, well-known energy-related factors, such as the shape factor (essential in order to succeed in the national thermal regulation for buildings), present remarkably lower impact over both energy responses.

First order interaction effect sensitivity analysis for cooling needs response make appear urban form factors, such as the SDV of height and the Patio aspect ratio, which appeared to have less impact in the main effect size results for this particular response-variable. This result seems to be appropriately complementary to the heating demand response.

In regards to the solar potential on buildings' roofs of Belfort, the three most influent factors are the Albedo, the Glazing Ratio and the SDV of Height. The albedo presents an important direct influence on this energy response which means the higher the albedo of the buildings' façades, the greater will be the solar irradiation exchange between them (due to the higher inter-reflections) and greater will also be the solar energy arriving on building roofs. High levels of albedo or light-coloured surfaces reflect more sunlight than dark ones, therefore it also helps keeping buildings cooler, reducing air-conditioning demand [START_REF] Taha | Urban climates and heat islands: albedo, evapotranspiration, and anthropogenic heat[END_REF]). On the other hand, raising the glazing ratio of buildings' façades reduces automatically the number of these potential reflexive surfaces (with high albedo) which we know induces great improvement on solar energy on roofs. For the SDV of Height, it indicates an inverse effect. It means that the greater the heterogeneity of the height of buildings in this closed urban block, greater the shadows casted on each other's roof, which may reduce the global response in terms of radiation incidence on roofs. Establishing high values of SDV of Height may represent a reduction of 111 kWh/m 2 .year of solar irradiation on roofs, while the increasing on the Albedo of façades may represent a gain of 370 kWh/m 2 .year on the irradiation of buildings roofs (Figure 9). According to the confidence interval adopted in this study (of 95%), concerning the district of Belfort, ten multiscale building factors can be highlighted regarding their relevant influence on the heating demand response: SDV of Height, Patio aspect ratio, Glazing U-value, Wall conductivity, Glazing ratio, floor area ratio, Albedo, shape factor, Plot ratio and the Solar protection.

Sensitivity analysis for slabs urban districts

For urban archetypes, such as Hers in Toulouse, mostly composed of slab urban blocks, the sensitivity analysis of the same set of multi-scale factors applied for the three districts, presents different influences in the energy responses, notably the heating demand and the solar irradiation over buildings' roofs.

Concerning the buildings' heating demand for Hers, the three most influent factors are envelope scale factors which present a direct effect size: Glazing U-value, Wall conductivity and the Glazing ratio of façades (Figure 11). It means that increasing the value of any of these factors leads expectedly to an increase of the buildings' heat loss through envelope elements, when outside temperature is lower than inside in winter months. Very conductive walls with highly heat-transmissive windows may produce an increase of over 40 kWh/m 3 .year. The following factors in the hierarchy of size effect are mostly urban form factors, such as the SDV of height which shows way less influence than for urban districts such as Belfort. For slab open urban blocks, the height difference between buildings has also an inverse effectfor the same reason as presented before -but 31% less influential than for compact closed urban blocks. The Figure 10 shows the main and the interaction effects of factors for the buildings' cooling demand response.

As for Belfort, the hierarchy of factors influence over this energy response presents similar behaviour, but the magnitude of this influence can be more than three times higher (Figure 10). This unexpectedly result leads us to believe that the kind of urban archetype as Hers is more dependent of building and material scale changes in order to reach convenient improvement of energy performance of its buildings than compact urban ones as Belfort. Nevertheless, it also means that each original existing urban configuration (conserved as base case here) and their typical surroundings presents notably a pertinent impact on the sensitivity results, confirming the hypothesis stated for this research.

The same diagnostic can be assumed when the impact on the solar energy performance over buildings' roof of Hers is discussed. As it can be depicted from Figure 10, the most influent factor on the solar energy response is the Ground albedo which presents a vast direct size effect. If the solar reflectance of all urban ground surfaces is considered at its maximum range of variation (Ground albedo of 0.9), an increase of 1100 kWh/m 2 year can be achieved. This can be also explained by the main characteristics of this particular urban form. The solid angle from which the building surfaces of this slab urban block see the other built and urban ground surfaces is higher than for compact urban blocks, as we have seen for Belfort. This particularity contributes to a major increase of solar multiple inter-reflections of the urban scene which might enhance the solar radiative balance over roof surfaces. Another particularity of this urban configuration concerns its urban surroundings which comprises taller buildings and also few pavilions. Still on this same energy response for slab urban blocks, we can also highlight the important inverse effect of the two important urban design parameters, the SDV of Height and the Street aspect ratio. If we increase the difference of height between buildings, more shadows will be casted over roof surfaces diminishing its solar energy potential. In this same reasoning, increase the average height of buildings while reducing the distance between them (Street aspect ratio) leads to an increase on the number of shading masks of the urban form.

Sensitivity analysis for individual pavilion urban districts

For semi-terraced houses in open urban blocks, such as the "Cité Castors in Toulouse, the input variables present relatively similar influences in the energy responses as for Hers, notably the heating cooling demand of buildings. The set of building and envelope scale factors, such as the Glazing U-value, Wall conductivity and Glazing Ratio and Glazing G-value are the most influent design variables on both energy demand responses and all of them presents important direct size of effect without however presenting significant conflicting effects. This means that assigning high values for all these energy design variables may lead to an important increase of the heating and cooling energy responses. For instance, assigning a high U-value for building window glass (Glazing U-value) alone may lead to an increase of +60 kWh/m 3 year. In fact, pavilion urban typologies are mostly characterized by its non-contiguous built morphology and consequently by their fairly large exterior exchanging surfaces covering a relatively small volume of interior heated air.

Thus, factors such as wall conductivity and glazing properties play decisive role on improving energy performance of buildings.

Nevertheless, interaction effects present surprisingly complementary results. From the graphs presented in Figure 13 below it is possible to verify the interaction effects between the input variables which trace back factors considered initially less important or negligible during the first hypothesis test regarding their individual effect. For instance, on the heating demand, the interaction effect of the street width with the street aspect ratio presents a direct influence on this energy response which is more important (75 kWh/m 3 .year) than the direct influence of the Glazing Uvalue which is a little over 60 kWh/m 2 .year.

Likewise, for the energy response in terms of cooling needs, the effect of the standard-deviation of the built height becomes important again and changes the impact direction when associated with the wall conductivity which, in the case of Castors, presents an inverse effect on this energy response (the more conductive the walls, the greater the heat loss when the outside temperature falls at night in summertime condition in temperate climate contexts). And in this sense, when the wall conductivity is associated with the standard-deviation of the mean height, the latter increase the number of conductive surfaces and subsequently increase the undesirable heat loss in summer conditions. Accordingly, further attention should be given to this design variable (wall conductivity), in the case of Castors, since it has a major influence, in the opposite direction, in terms of heating needs.

Concerning the solar energy response, the inverse interaction effect of the ground albedo when associated with high values of Floor Area Ratio is reported in Figure 13. Even if the interaction influence is almost 40% inferior when compared to the Ground albedo alone, this could mean that if maximum value of Floor Area Ratio is assumed in districts, such as for Castors, the solar obstruction effect at the urban scale may impose itself over ground albedo's.

Therefore, for high urban density spaces, equivalent albedo of surfaces may change importantly since its spectral and angular dependence of surface reflection. 

Comparative analysis of context-sensitive urban morphology factors

From Tables 6 to 8, it is possible to compare and structure hierarchically the influence of the considered factors on the energy demand (Tables 6 and7) and solar potential on roofs (Table 8). It is absolutely remarkable the decisive contribution of each type urban form district on the sensitivity analysis results.

For an ancient compact and dense urban district such as Belfort which is relatively constrained by its existing patrimony, it is surprising to find that two urban scale design variables impose themselves as the most influent factors.

The SDV of Height and the Patio aspect ratio accounts together for almost 50% of the impact on buildings' heating demand for Belfort (Table 6). Whereas, building and envelope scale factors are the most decisive elements to be considered in urban archetypes such as Hers and Castors. The Glazing ratio, Glazing U-value and the Wall conductivity together account for over 58% of the impact over this same energy response (Table 6). In addition to that, we should highlight that the SDV of height has an expressive overall influence in Castors pavilion district twice higher than for Hers. This could be explained by the fact the distance between house units. In the case of Castors, it consists of semidetached houses, whereas for Hers, the slab block units' height has less influence on each other. Increasing the SDV of height can strongly contribute on the reduction of solar heat gains in winter time which can highly interfere on buildings' heating demand. 

Envelope

Glazing G-value Concerning the cooling demand of buildings, we can notice a predominance on overall effect size of the building and envelope scale factors for the three-urban archetypes studied. This information leads us to believe that to face summer-time season while reducing energy demand for cooling interior spaces, designers and urban planners should prioritize setting-up efficient solar protection devices, reducing glazing ratio on façades (which also favour solar energy potential over buildings' roofs), Glazing G-value and employing less conductive materials. Wall conductivity 0,4 % 0,2 % 0,0 %

In regards with the solar energy potential on roofs, once again different priorities should be established according to the urban form archetype. For compact urban blocks such as for Belfort, the Albedo of façades and the Glazing ratio have an overall influence of almost 70%, while for the other two urban block types, the urban form factors present over 50% of influence for the same response. The urban form factors most influential, both for Hers and Castors, are the parameters defining the aspect ratio of streets (over 30%) and the urban density factors, Floor Area Ratio and Plot Ratio. Many studies have demonstrated the important effect of the street aspect ratio on the solar energy of buildings (Petersen, Momme, & Hviid, A simple tool to evaluate the effect of the urban canyon on daylight level and energy demand in the early stages of building design, 2014) [START_REF] Takebayashi | Study to examine the potential for solar energy utilization based on the relationship between urban morphology and solar radiation gain on building rooftops and wall surfaces[END_REF]) [START_REF] Martins | Sensitivity analysis of urban morphology factors regarding solar energy potential of buildings in a Brazilian tropical context[END_REF]. High level of street aspect ratio (i.e. deepen street canyons) undermines the potential of capturing solar energy on buildings' roof. Nevertheless, assigning high levels of street aspect ratio may also lead to an intensification of urban heat islands at nighttime [START_REF] Ali-Toudert | Effects of asymmetry, galleries, overhanging facades and vegetation on thermal comfort in urban street canyons[END_REF][START_REF] Ali-Toudert | Numerical study on the effects of aspect ratio and solar orientation on outdoor thermal comfort in hot and dry climate[END_REF]) [START_REF] Theeuwes | Seasonal dependence of the urban heat island on the street canyon aspect ratio[END_REF] [START_REF] Oke | Street design and urban canopy layer climate[END_REF] which favours two opposite phenomena: raising cooling loads of buildings and reducing heating needs in winter.

Attention should be paid when assigning high levels of albedo (over façades and urban surface ground) since it may also have side-effects that was not considered in this study such as its potential on creating outdoor thermal discomfort [START_REF] Saneinejad | Comparative assessment of various heat island mitigation measures[END_REF], [START_REF] Salata | How high albedo and traditional buildings' materials and vegetation affect the quality of urban microclimate. A case study[END_REF]) [START_REF] Martins | Creating Urban Cool Islands effects for summer season in Toulouse new area[END_REF]. High values for solar reflectivity on urban surfaces surely intensify multiple reflections inside urban street canyons, which may lead to building overheating in summer-time conditions and be a cause excessive glare in urban streets.

Conclusion

From the study of three real and typical urban blocks in the city of Toulouse, this research proposed a sensitivity analysis of multi-scale urban building factors. This work was based on the assumption that generic, off-field studies is not capable of pointing out or appropriately ranking relevant design variables regarding their relative influence on important energy responses. In the building and in the urban energy performance analysis, many general knowledges are widely proposed for different climate contexts, but they may not be transposable to every situation. This work is motivated by the limited information available about objective importance of multi-scale energy design factors within real but typical urban contexts in temperate climate cities in France.

The sensitivity analysis of a wide set of design factors ranging from urban form to envelope material scales were carried out. It provided important information about their context-sensitive contribution on the energy demand for heating and cooling buildings as well as on the solar energy potential of their roof surfaces. The statistical hypothesis tests allowed ranking these factors by their importance inside each one of the real urban form environment considered.

Well-known factors mostly and indistinctly used in local urban code (such plot ratio or floor area ratio) seems to be way less relevant compared to the new proposed factors such as the SDV Height and the patio aspect ratio. Together they account for around 50% of the overall impact on the heating loads of buildings situated on compact urban blocks, such as the ancient urban district blocks in Toulouse. The three cases seem to converge when design variables were ranked in regards to the cooling demand of buildings, but not on the intensity of this effect. For this energy output, we should highlight the importance of building and envelope scale factors, such as the presence of a solar protection device, glazing G-value, glazing U-value and the wall conductivity, which together accounts for over 60% of the overall size effect impact. These results might allow prioritizing actions, especially when facing conflicting objectives such as sizing insulants or shading device in a temperate climate.

Considerations should be drawn concerning the limits of this study which also meets the limits of the energy evaluation tool applied here. At the present moment, CitySim is not able to compute the complexity of urban climate phenomena which may have constrained certain results, such as the important multi-level impact of urban surface albedo in local climate, the presence of urban vegetation or the complex urban aerodynamics.

Based on this particular study, a large number of solutions can be applied according to each district development strategy. This methodology provided results that will give support to a multi-objective optimisation process for the urban renovation of three urban district blocks in Toulouse. The results obtained can also be analysed against other important (quantitative and qualitative) criteria and be used as a powerful tool to support prioritizing actions concerning urban regulation guidelines and practicing.
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 1 Figure 1: urban archetypes methodological approach for French cities.MAJOR TYPES

Figure 1 :

 1 Figure 1: three urban archetypes chosen illustrated in the city of Toulouse, France.
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 2 Figure 2: systematic methodology base on defining relevant building energy-related factors (adapted from Adolphe et al., 2002).
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 3 Figure 3: simplification of the compact urban archetype Belfort and the multi-scale building factors and the range of values studied.
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 4 Figure 4 : simplification of the slab urban archetype Hers and the multi-scale urban factors and their range of values studied.
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 5 Figure 5 : simplification of the pavilion urban archetype, Castors, and the typo-morphological factors and the range of variations considered.
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 8 Figure 8: Main size of effect for all design factors regarding buildings' energy demand and solar energy on roofs for Belfort compact urban block.
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 9 Figure 9: Interaction effects of all design factors regarding the three energy responses for Belfort compact urban block.
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 10 Figure 10: Main effect size of all factors regarding buildings' heating and cooling demand and solar irradiation on roofs for Hers slab blocks.
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 11 Figure 11: Interaction effects of all factors regarding buildings' heating demand for Hers slab blocks.
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 1213 Figure 12: Main effect size of all factors regarding buildings' heating and cooling demand and solar irradiation on roofs for Castors pavilions.

Table 2 :

 2 typo-morphological and energy initial evaluation for the three urban blocks situated in Toulouse.

	Urban Archetypes Toulouse Urban Area 43.617 43° 37'N | 1.450 1° 27'E	Continuous buildings into closed city block « Compact city » (Belfort)	Semi-continuous pavilions « Pavilion city » (Castors)	Continous pavilions into open city block «

Slab city » (Hers) Typo-morphological factors by scale of analysis URBAN BLOCK

  

		Floor Area Ratio	3,2	0,35	0,6
		Plot Ratio	0,75	0,17	0,2
		Shape Factor	0,3	0,53	6
		Courtyard/Patio aspect ratio	3,5	-	-
		Aspect ratio	2,1	0,6	1,0
		Street Width (m)	8	10	10
		SDV Height (m)	4,05	2	2
		Roof surface (m 2 )	528	135	345
		Orientation	Nord-est -Sud-ouest	Nord-est -Sud-ouest	Est-Ouest
	BUILDING	Height (m) Building Width	18 8	6 16	9 45
		Building Length	12	8	8
		Solar protection device	non	non	non
		Albedo	0,3	0,2	0,4
		Ground Albedo	0,2	0,25	0,25
		Wall U-value	1,3	0,9	0,9
		Glazing ratio	0,4	0,1	0,2
		Glazing G-value	0,4	0,6	0,6
		Glazing U-value	1,8	1,1	1,1
	ENVELOPPE				

Façade orientation ENERGY BUDGE Heating demand (kWh/m 3 .an) 38,8 32 25,8 Cooling demand (kWh/m 3 .an) 14,1 2,5 10,1 Solar potential on roof (kWh/m 2 .an) 1100 900 1211

  

Table 3 :

 3 Overall effect size of urban and building factors regarding the heating demand of the three archetypes.

			Continuous buildings into close city block (Belfort)	Semi-continuous pavilion (Cité Castors)	Continuous buildings into open city block (Château de l'Hers)
	SCALE	TYPO-MORPHOLOGICAL FACTORS					
		Floor Area Ratio	1,9 %		2,5 %	1 %	
	Urban block	Plot Ratio Shape Factor Patio aspect ratio Aspect ratio Street Width (m)	0,4 % 1,6 % 0,7 % Constant	17,7 % (2 nd )	1,9 % 0,4 % 0,0 0,1 % 0,6 %	0,6 % 0,0 0,2 % 0,8 %	5 %
		SDV Height (m)		31,2 % (1 st )	23,6 % (1 st )		13,6 % (4 th )
		Building Width	Constant		3,4 %		5 %
	Building	Building Length Solar protection device Openable ratio Height (m)	Constant 0,8 % 0,1 %		0,0 2,2 % 0,4 %	5,3 % 1,8 % 0,1 %	

Table 4 :

 4 Overall effect size of urban and building factors regarding the cooling demand of the three archetypes.

		Floor Area Ratio	1,4 %	2,3 %	4,4 %
	Urban block	Plot Ratio Shape Factor Patio aspect ratio Aspect ratio Street Width (m)	1,4 % 3,1 % Constant 5,7 % 7,9 %	2,3 % 1,4 % 0,0 1,0 % 1,2 %	3,2 % 2 % 0,0 3,7 % 4,1 %
		SDV Height (m)	7,3 %	7,3 %	8,6 %
		Building Width	Constant	2,2 %	2,2 %
	Building	Building Length Solar protection device	Constant	0,0	1,2 %

SCALE TYPO-MORPHOLOGICAL FACTORS

Continuous buildings into close city block (Belfort)

Semi-continuous pavilion (Cité Castors)

Continuous buildings into open city block (Château de l'Hers)

14,6 % 15,7 % 15,5 %

  

	Openable ratio	1,9 %	0,6 %	0,1 %
	Height (m)			

Table 5 :

 5 Overall effect size of urban and building factors regarding the solar energy potential of the three archetypes.

			Continuous buildings into close city block (Belfort)		Semi-continuous pavilion (Cité Castors)	Continuous buildings into open city block (Château de l'Hers)
	SCALE	TYPO-MORPHOLOGICAL FACTORS					
		Floor Area Ratio	0,5 %		10,6 %		11,0 %
	Urban block	Plot Ratio Shape Factor Patio aspect ratio Street aspect ratio Street Width (m)	3,2 % 5,0 % 4,8 % 0,9 % Constant	1,8 % 0,0	10,4 % 11 % (3 rd ) 10,9 %	1,7 % 0,0	10,5 % 16,1 % (2 nd ) 11 %
		SDV Height (m)	10,7 % (3 rd )		9,7 %		12,5 % (3 rd )
		Building Width	Constant	3,2 %		0,4 %	
	Building	Building Length Solar protection device Openable ratio Height (m)	Constant 0,4 % 0,2 %	0,0 0,2 % 0,2 %		3 % 0,2% 0,0 %	
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