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Nowadays, energy consumption in buildings is one of the fundamental drivers to control 

greenhouse gas emissions and environmental impact. In fact, the air quality of urban 

environments can cause two main phenomena in metropolitan areas: urban heat island and 

climate changes. The aim of this work is to showcase how different building variables can 

impact the residential building’s space heating and cooling energy consumption. Buildings 

energy-related variables can be fundamental viewpoints to improve the energy performance 

of neighborhoods, especially in future urban planning. This work examines four 

neighborhoods in the city of Turin (IT): Arquata, Crocetta, Sacchi, and Olympic Village 

characterized by different morphologies and building typologies. In each neighborhood, 

residential building was grouped according to orientations and construction periods. A 

sensitivity analysis was applied by analysing six building variables: infiltration rate, 

window-to-wall ratio, and windows, walls, roofs, and floor thermal transmittances. The 

energy consumption for space heating and cooling of residential buildings and local climate 

conditions were investigated using CitySim Pro tool and ENVI-met. The challenge of this 

work is to identify the building variables that most influence energy consumption and to 

understand how to promote high-energy efficiency neighborhoods: the goal is to identify 

the “ideal” urban form with low consumption and good comfort conditions in outdoor urban 

environments. The results of this work show a significant connection between the energy 

consumption and the six analyzed building variables; however, this relationship also 

depends on the shape and orientation of the neighborhood. 
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1. INTRODUCTION

Urbanization is largely affected by the shifting of 

populations to existing metropolitan areas with urban 

transportation systems, social and financial connections, way 

of life, or a blend of these factors. As per the United Nations 

(UN), 66% of the worldwide population will live in 

metropolitan communities by 2050, while 86% of them are 

expected to be concentrated in metropolitan regions as 

opposed to rural ones [1]. This trend causes huge changes of 

metropolitan and rural scenes with related ecological effects, 

which include urban heat island (UHI) effect and raise in 

energy consumption. The UHI mitigation phenomena are 

mainly caused by the expansion of urban built-up 

environments [2], as well as the use of materials with low 

albedo, such as concrete, related for example to the lack of 

vegetative land cover. Rising temperatures and increasing 

urbanization are trends that make cities play an important role 

in the fight against climate change. Moreover, inside cities 

microclimatic variations cause a further increase in 

temperature, making outdoor urban environments thermally 

stressful. At neighborhood scale outdoor thermal comfort is 

influenced by building geometry, urban morphology and local 

climate [3]. As stated by the European commission in 2016, 

buildings are held accountable for 40% of energy utilization 

and 36% of CO2 emissions in Europe. Furthermore, urban 

areas are responsible for 75% of greenhouse gas (GHG) 

emissions, mainly caused by the energy consumption of 

buildings and transportation systems that are the main 

responsible of this phenomenon [4]. Therefore, the buildings 

energy management is a key factor in order to achieve a more 

sustainable and energy efficient environment in urban 

territories. In Italy, and in most European nations, energy 

policies to reduce energy-use in buildings and GHG emissions 

are centered on two main activities: improve energy 

performance by promoting energy efficiency and increase the 

use of renewable energy sources (RESs) [5].  

To promote energy efficiency in metropolitan areas, various 

strategies could be used, for example: the distribution of heat 

through neighborhood heating network, the use of 

construction coverings and spaces to create energy from RESs, 

and a mixture of different types of users with a distinctive 

energy daily load in close territories. The limited accessibility 

of RESs in metropolitan areas stimulates the requirement to 

optimize the use of smart green technologies, such as solar 

panels [6, 7].   

The aim of this work is to understand how energy 

consumption and thermal comfort vary, considering the 
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building geometry, urban morphology, and local climate in 

different zones of the city. By analyzing neighborhoods, it is 

possible to identify the optimal shape of buildings and built 

environment that ensure low energy consumption, high-

energy savings and higher thermal comfort conditions [8]. 

This work provides guidelines to support urban planners for 

improve health and thermal comfort. 

 

 

2. RESEARCH GAP AND BACKGROUND 

 

The energy consumption of buildings is identified as one of 

the most important cause of GHG emissions. Since the urban 

form influence the energy performance of buildings, the shape 

of the city plays a significant role in the promotions of 

sustainable territories [9].  

To date, there are several energy models and tools able to 

simulate energy consumption at urban level [10]. In addition 

to the known variables that influence consumptions at the 

building scale (i.e. compactness, exposure, thermal 

proprieties), urban energy models need to take into 

consideration the urban morphology of each neighborhood 

[11], focusing mainly on developed zones and on very dense 

areas [12].  

Energy consumption and urban form affect external air 

temperature in urban environment. The results carried out in 

[7] demonstrate that direct sun and mean radiant temperature 

play the most important role in thermal comfort environment 

and are influenced by the urban forms and main orientation, 

which provides different thermal environments. 

The main parameters used to analyze the energy 

performance at urban level are: the presence of vegetation, the 

albedo, the canyon effect, the building density, the building 

coverage ratio and the main orientation of the buildings [13]. 

In addition, the solar energy accessibility can be improved 

according to the urban form [14]. By planning and designing 

the urban areas taking into consideration the exposure and 

buildings’ shape, solar energy can be used both passively for 

heating and day lighting, and actively for electrical energy and 

domestic hot water production [15]. 

 

 

3. TOOLS FOR URBAN ENERGY ANALYSES 

 

Several analysis methods have been developed throughout 

the years to identify rules and methods to simulate energy 

consumption at urban scale by investigating energy-related 

variables and the impact of urban form on energy. Sensitivity 

analysis approach was introduced by Morris [16] –Morris 

method– and it is a so-called one-step-at-a-time method 

(OAT), in each run only one input variable is given a new 

value. The technique depends on processing, for each input 

data various steady ratios, to have impacts that are later 

averaged to survey the significance of these collected data in 

relation to the results obtained. The technique depends on 

determining for each input various steady proportions, known 

as Elementary Effects (EE), from which essential insights are 

processed to deduce sensitivity records. The aim of this type 

of analysis is to figure out which variables might be considered 

to have impacts, which are irrelevant or can be neglected. For 

each variable, two type of analysis are processed: the first one 

evaluates the general impact of the factor on the phenomenon, 

the second one determines the factor’s with higher impacts. 

The analysis is made of independently randomized tests. Every 

model’s input data shift across levels in the space of the related 

information to the factors. Observing a standard practice, 

factors are thought to be consistently dispersed in between 0 

to 1 and afterward updated according to the unit associated to 

it. Morris method, depends on the development of directions 

in the space of the input data analyzed, commonly ranging 

between 10 and 50. The configuration depends on the 

production of an arbitrary beginning stage for every direction 

and afterward finishing it by moving one factor at a time in an 

irregular request. However, this methodology could prompt a 

non-ideal result of the data’s space, particularly for models 

with countless variable factors. This aspect was investigated 

by Campolongo et al. [17], the authors tried to improve 

Morris’s sensitivity analysis method by a superior filtering of 

the input data area without expanding the quantity of model 

executions required. In fact, they investigated the performance 

of Korean Integrated Model (KIM), a model of the 

tropospheric science [18]. The results of this model show that 

the best way to apply different strategies is to gather factors 

into subsets. Beginning from the results of the screening, 

factors were assembled into two subsets, the first containing 

the most un-compelling elements and the second one including 

the residual components. To recognize these most less 

recognizable elements, for each subset several variables 

considering the amount of their scores were processed. This 

procedure delivers a solitary positioning beginning from 

numerous outputs, along with the gathering of components 

into two separate sets. The change-based investigation 

confirms the results obtained in the EE methodology, since for 

all the yields, the primary gathering of variables represents 

under 1% of the complete fluctuation. This authenticates the 

accuracy of Morris’s sensitivity analysis strategy used as a 

screening strategy in models with several impacts and 

numerous input data components. 

Various methodologies have been proposed to investigate 

the impact of urban morphology on energy-use. Generally top-

down and bottom-up approaches were used to simulate energy 

consumption of buildings in metropolitan areas. The bottom-

up model requires exhaustive database with information at 

building level, as well as the energy consumption of each 

building. The top-down model uses aggregated information at 

territorial level [19-23]. Several tools were developed to 

facilitate the energy simulations of buildings in different urban 

areas: Geographic Information System (GIS), Energy Plus, 

CitySim Pro, UMI, and SimStadt. CitySim Pro [24] is an 

engineering tool able to improve sustainability of metropolitan 

areas by analyzing energy distribution at territorial level. 

CitySim Pro simulates energy space heating and cooling 

consumption of buildings using as input data buildings shape, 

urban variables and local climate conditions. These input 

variables at building scale mainly consist of: building’s 

infiltration rate, indoor minimum and maximum air 

temperatures, thermal properties of opaque and transparent 

surfaces, window-to-wall ratio (WWR), and building 

occupant’s profile [25]. Using both GIS tools and CitySim Pro 

some investigation on the relation between urban shape and 

energy heating demands have been done by Mutani et al. [26]. 

For the evaluation of outdoor urban thermal comfort ENVI-

met was used in this works, it is able to analyze the local 

climate take into account effects of vegetation on atmosphere, 

radiation, and soil [27]. Moreover, ENVI-met can calculate 

many parameters, like: air temperature, vapor pressure, 

relative humidity, wind velocity and mean radiant temperature 

useful for evaluation at neighborhood scale. 

84



 

In this work, energy consumption for space heating and 

cooling of residential buildings and local climate conditions 

using CitySim Pro tool and ENVI-met were analyzed. The 

goal is to identify an “ideal” building shape with high-energy 

efficiency level for future neighborhoods by using a sensitivity 

analysis approach. The investigation was applied to four 

neighborhoods located in the city of Turin, Italy. 

 

 

4. CASE STUDIES 

 

Turin is a city situated in the northwestern part of Italy. The 

city is predominantly located on the west side of the Po River, 

surrounded by the western Alpine. The number of inhabitants 

in the city is 866,425 (updated to August 2020). The city’s 

weather is a continental temperate climate with cold and dry 

winters and humid and hot summers.  

In this study, four homogeneous zones in Turin were 

selected to analyze the heating and cooling demand of each 

neighborhood at building scale (Figure 1) [28].  

 

 
 

Figure 1. City of Turin with the selection of four 

neighborhoods 

 

The energy consumption was simulated for residential 

buildings using CitySim Pro tool. Since urban form influence 

not only energy performance of buildings but also outdoor 

thermal comfort conditions, ENVI-met was used in order to 

investigate the impact of urban morphology on the external air 

temperature of urban environments.  

The main databases used to create the 3D models were: 

orthophotos, land use (i.e. green surfaces, trees, type of 

surface), municipal technical map (i.e. building height, type of 

users).  

ENVI-met models have a resolution of 10x10 meters, this 

resolution was chosen based on the dimension of the area 

analyzed (neighbors of around 500x500 m), the dimension of 

the building environment and the limit of time calculation of 

the software. The simulation of comfort conditions was made 

using as reference day the hottest one of 2015 to evaluate how 

urban characteristics affect urban thermal comfort in extreme 

climatic conditions. A set of meteorological data from the 

nearest weather station was used. For what concern soil and 

surface “grass” 25 cm average dense is used for replace green 

area, “concrete light pavement” and “concrete gray pavement” 

are used for the courtyard and “asphalt” is used for draw the 

streets. While, as regards the type of plants chosen, to replace: 

(i) plane trees of about 15 meters: deciduous trees, LAD high, 

spherical shape, medium trunks (15m); (ii) maple trees of 

about 5 meters: deciduous trees, LAD high, spherical shape, 

small trunks (5m). It was decided to choose a high LAD as the 

simulation of the climatic parameters was set during the month 

of August, month in which the leaf area density is high. 

Figures 2-4 show for each neighborhood the type of users at 

building level: industrial, municipal, residential, tertiary. In 

this work, the residential buildings were selected for the 

energy simulation. Homogenous groups were identified in 

each neighborhood according to the construction period, the 

surface-to-volume ratio and the orientation (orientations of 

NE-SW and NW-SE). The sensitivity analysis was done taking 

into account the different groups. 

 

 
 

Figure 2. Sacchi neighborhood and type of users 

 

 
 

Figure 3. Crocetta neighborhood and type of users 

 

 
 

Figure 4. Arquata neighborhood and type of users 

 

By analyzing building shape, construction period, urban 

morphology, and socio-economic characteristics of 
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neighborhoods, it is possible to observe that older built 

neighborhoods have a higher building coverage ratio values 

with very high gross built areas compared to newly urban areas, 

less public green areas, and a much higher public asphalted 

surface. In addition, a lower population density compared to 

older areas such as Crocetta and Sacchi characterizes the 

newer urban neighborhoods in this case, Arquata and Olympic 

Village (Figure 5). 

 

  
(a) Sacchi neighborhood (b) Crocetta neighborhood 

  
(c) Arquata neighborhood (d) Olympic neighborhood 

 

Figure 5. Land use and socio-economic characteristics 

 

 
 

Figure 6. Surface-to-volume ratio (S/V), building coverage 

ratio (BCR), building density (BD) and height-to-width ratio 

(H/W) at neighborhood level 

 

Figures 6 shows the surface-to-volume ratio (S/V) and the 

urban variables calculated for each neighborhood: building 

coverage ratio (BCR), building density (BD), and height-to-

width ratio (H/W). It is possible to observe that residential 

buildings analyzed in these neighborhoods have a very similar 

S/V ratio; most of the buildings are compact condominiums. 

This made it possible to evaluate, with the same compactness 

of the building, how much the orientation, the construction 

period and the urban form of the neighborhood affect the 

energy performance of building and the local climate of 

outdoor spaces. 

A sensitivity analysis was performed in this work, by 

comparing energy demand for heating and cooling according 

to different values of building input variables in the four 

neighborhoods. Table 1 represents the ranges taken into 

consideration for each input variable. Each neighborhood was 

investigated analyzing residential buildings characterized by 

opposite orientations and approximately similar S/V ratio. 

Therefore, energy simulations were done in CitySim Pro for 

the selected buildings by changing the values of the 

investigated building variables: infiltration rate, WWR, 

thermal transmittances of windows, walls, roof and floor. The 

sensitivity analysis was conducted to understand the impact of 

these variables (Table 1) on hourly space heating and cooling 

demand of residential buildings with different periods of 

construction. 
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Table 1. Building variables used in the sensitivity analysis 

 

Variable Unit Value 

Infiltration rate h-1 0.2 – 0.4 – 0.6 

Window-to-wall ratio (WWR) - 0.2 – 0.4 – 0.6 

Thermal transmittance of window W/m2/K 2.15 – 4.4 – 4.9 

Thermal transmittance of walls W/m2/K 0.67 – 0.9 – 1.1 

Thermal transmittance of roof W/m2/K 0.53 – 1.27 – 1.6 

Thermal transmittance of floor W/m2/K 1.16 – 1.25 

 

 

5. RESULTS AND DISCUSSION 

 

This section shows the main results obtained at building 

scale in each neighborhood. The sensitivity analysis has 

investigated six building variables: infiltration rate, WWR, U-

values of windows, wall, roof and floor. The effect of building 

variables on space heating and cooling energy demand was 

investigated by analyzing residential buildings with different 

construction periods in the four neighborhoods: Sacchi, 

Crocetta, Arquata, and Olympic Village. 

Figure 7 and 8 show an example of the energy simulation 

made with CitySim Pro for a building located in Sacchi 

neighborhood. The results refer to the investigation of the 

WWR variable (values: 0.2, 0.4, 0.6). In particular, in Figure 

7a the monthly heating demand expressed in kWh/m3/y for 

three values of WWR has been indicated; Figure 7b shows the 

same analysis with hourly time resolution. Figure 8 shows the 

results for the cooling season distinguishing monthly energy 

demand and annual demand. Comparing the simulations with 

0.2 and 0.6 WWR, in the winter season there is an energy 

difference of about 40 kWh/m3/month in the colder months, 

while in the summer season the energy difference is about 5 

kWh/m3/month in the warmer months. Therefore, by changing 

the WWR values, there is a greater impact on heating demand.  

 

 

  
(a) Monthly heating demand (b) Hourly heating demand 

 

Figure 7. Energy simulation: Sensitivity analysis of WWR 

 

 

  
(a) Monthly cooling demand (b) Hourly cooling demand 

 

Figure 8. Energy simulation: Sensitivity analysis of WWR 

 

From the sensitivity analysis, it is emerged that: 

(1) When the infiltration rate increased, mostly all the 

buildings show a higher energy demand. Therefore, having the 

smallest infiltration rate (0.2 h-1 in this case), is the ideal range 

to have higher energy performance. In buildings characterized 

by the oldest period of construction (before 1919), there is a 

highest impact in the heating and cooling consumption 

compared to other construction periods. However, when this 

value was equal to 0.6 h-1, in new buildings built between 2001 

and 2005 (in Olympic Village neighborhood) the heating 

consumption considerably decreased compared to infiltration 

rates equal to 0.2 h-1 and 0.4 h-1. 

(2) Regarding the WWR results show that whenever the 

WWR increases, all the residential buildings’ energy demand 

increased simultaneously. Therefore, the best range in this 

case is equal to 0.2. Adding to that, buildings that are 

characterized by an older construction period, (before 1945), 

had a higher impact in heating energy demand, compared to 

newer residential buildings. For the cooling energy demand, 

were found different results. Buildings built between 2001 and 

2005 had a much higher impact compared to older ones such 

as buildings located in Sacchi and Crocetta neighborhoods. 

(3) Regarding thermal transmittance of window, it was 

found that whenever the U-values increased, all the examined 
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residential buildings’ heating energy demand simultaneously 

increased as well, while the cooling energy demand decreased. 

This is mainly due to the lower windows insulation, and thus 

the unwanted penetration of the outdoor air into the buildings. 

Therefore, the best range is equal to the lowest studied value 

of 2.15 W/m2/K, generally for buildings built between 2001 

and 2005. Adding to that, with higher U-values, the heating 

and cooling energy demand had the highest impact in the most 

recently constructed building (2001-2005, in this case) 

analyzed in Olympic Village neighborhood. 

(4) By changing thermal transmittance of walls it is emerged 

that all the buildings had the highest increase in heating and 

cooling demand, with U-values of walls 0.9 W/m2/K 

(generally representative of buildings built between 1961 and 

1970). With U-value of wall of 0.67 W/m2/K buildings 

consume less. U-value equal to 1.1 W/m2/K is typical for 

buildings built between 1919 and 1945, and equal to 0.67 

W/m2/K is for buildings built between 2001-2005. 

(5) Heating and cooling energy demand increases with U-

value of roof equal to 1.27 W/m2/K (typical for buildings built 

in 1961-1970. With U-value of roof equal to 0.53 W/m2/K 

(typical for buildings built in 2001-2005), energy demand is 

lower. 

(6) Regarding thermal transmittance of floor, results show 

that buildings had the highest increase in both heating and 

cooling demands with U-value of floor equal to 1.25 W/m2/K 

(typical for buildings built in 1961-2005). With U-value of 

1.16 W/m2/K, energy consumption is lower. 

In general, for the oldest buildings, in Sacchi (built before 

1919), and Crocetta neighborhood (built in 1919-1945), the 

variable that had the most impact on the heating demand is the 

WWR. Whereas for the more recent periods of constructions 

(Arquata and Olympic Village neighborhoods), the windows 

U-value, played the biggest role in affecting the building’s 

energy demand. Adding to that, residential buildings that are 

characterized by construction periods of before 1919 and, 

1961-1970, had the highest impact in cooling energy 

consumption in regard the building’s walls U-value. While the 

most recent construction of 2001-2005 in Olympic Village 

neighborhood, had the highest cooling energy demand with the 

change of the infiltration rate. Whereas the floor U-value, had 

the least impact in comparison to the other examined building 

variables. 

 

5.1 Sacchi neighborhood 

 

Several buildings built before 1919 characterizes Sacchi 

neighborhood. It has the highest BCR of 0.4 m2/m2 that reflects 

the gross built area of the neighborhood over the census parcel 

area, with a BD of 7.72 m3/m2 that represents the proportion 

between the overall volume of the buildings and the census 

parcel zone.  

In Figure 9 sensitivity analysis’ results of Sacchi 

neighborhood have been indicated distinguishing NE-SW and 

NW-SE orientations. In the heating season, the building 

variable that has the greatest impact on the energy demand is 

the WWR, especially for buildings with a NE-SW orientation. 

While for the cooling season the thermophysical properties of 

the opaque envelope have a greater influence on consumption. 

In this neighborhood there are maximum impact of 40 

kWh/m3/y and 8 kWh/m3/y for heating and cooling energy 

demand respectively.  

 

 

  
(a) Heating season (b) Coling season 

 

Figure 9. Sacchi neighborhood: sensitivity analysis 

 

Figure 10 shows the analysis made in ENVI-met, and in 

Figure 10b external air temperature at 5pm of August 7th, 2015 

(the hottest day for the 2014 and 2015) have been mapped. It 

is possible to see that the minimum temperatures are about 

34.5°C and are located in the inner courtyards of the buildings 

and where there are green areas. 

 

5.2 Crocetta neighborhood 

 

Several buildings built before between 1919 and 1945 

characterizes Crocetta neighborhood. It has a moderate BCR 

equal to 0.28 m2/m2 that reflects the gross built area of the 

neighborhood over the census parcel area, with a BD of 5.86 

m3/m2 and an H/W ratio of 0.52 m2/m2.  

In Crocetta neighborhood the building variable that has the 

greatest impact on heating demand is the WWR (as in the case 

of Sacchi) with a maximum in energy variation of 30 

kWh/m3/y. Instead, in the case of cooling demand, the thermal 

transmittance of the windows and the WWR have a greater 

impact on the energy performance with a maximum in energy 

variation of 4.5 kWh/m3/y (Figure 11).  

Considering the urban form and the building shape, 

Crocetta neighborhood is very similar to Sacchi one, with the 

difference that Sacchi has a higher level of building density 

equal to 7.7 m3/m2. 

From the simulations of ENVI-met it emerged that the 

lowest temperature at 5 pm is 34.7°C up to a maximum of 

36.6°C (Figure 12). As expected from the analysis of the urban 

form, the climatic characteristics between Sacchi and Crocetta 

are very similar. 
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(a) Neighborhood model: 500 x 500 meters (b) External air temperature at 5pm of August 7th, 2015 

 

Figure 10. Sacchi neighborhood: ENVI-met analysis 

 

 

  
(a) Heating season (b) Coling season 

 

Figure 11. Crocetta neighborhood: sensitivity analysis 

 

  
(a) Neighborhood model: 500 x 500 meters (b) External air temperature at 5pm of August 7th, 2015 

 

Figure 12. Crocetta neighborhood: ENVI-met analysis 

 

5.3 Arquata neighborhood 

 

Buildings built between 1961 and 1970 characterize 

Arquata neighborhood. It has the BCR m2/m2 equal to 0.18, 

the BD of 3.56 m3/m2 and the H/W is 0.27 m2/m2.  

Compared to the other areas (especially for Sacchi and 

Crocetta), the Arquata neighborhood has much more basic 

values of BCR, BD and H/W. Figure 13 shows that the 

building variables have a fairly similar impact on heating 

demand, with maximum values of 25 kWh/m3/y for the 

thermal transmittance of the windows. Also, for cooling 

demand the variables have a similar impact on cooling demand 

that varies between 4 and 6 kWh/m3/y. 
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(a) Heating season (b) Coling season 

 

Figure 13. Arquata neighborhood: Sensitivity analysis 

 

The external air temperature ranges from 34.8 to 36.6°C. 

Compared to the other neighborhoods, here there are higher 

temperatures in the inner courtyards, which is due to the fact 

that with lower H/W values there are fewer shaded areas, and 

this affects the temperature. 

 

5.4 Olympic village neighborhood 

 

Buildings constructed between 2001 and 2005 characterize 

Olympic Village. It has the lowest BCR equal to 0.16 m2/m2, 

a BD equivalent to 4.13 m3/m2, and H/W of 0.34 m2/m2 (Figure 

14).  

In this neighborhood the thermal transmittance of the 

windows has a significant impact on the heating demand (23-

32 kWh/m3/y) especially for buildings with an orientation 

(NE-SW). Regarding the cooling energy demand the 

infiltration rate and WWR have a greater impact than the other 

building variables (Figure 15). 

 

  
(a) Neighborhood model: 400 x 400 meters (b) External air temperature at 5pm of August 7th, 2015 

 

Figure 14. Arquata neighborhood: ENVI-met analysis 

 

 

  
(a) Heating season (b) Coling season 

 

Figure 15. Olympic Village neighborhood: sensitivity analysis 
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(a) Neighborhood model: 500 x 750 meters (a) External air temperature at 5pm of August 7th, 2015 

 

Figure 16. Olympic neighborhood: ENVI-met analysis 

 

This is the area with the lowest external air temperatures, 

with minimums of 33.6°C and maximums of 36.4°C (Figure 

16). This is because, in addition to the presence of green areas 

and trees, there are also pedestrian areas (not asphalted) and 

more permeable surfaces (the BCR is low). 

 

 

6. CONCLUSIONS 

 

The sensitivity analysis approach could help to understand 

how different building energy-related variables can affect the 

energy performance of building. The results of this study can 

be used as a tool to support the design of building shape by 

promoting sustainable urban environment. 

From the sensitivity analysis it is emerged that generally, 

when the infiltration rate, WWR, windows, walls, roof, and 

floor’s U-values increased, buildings tend to consume more 

annually. In addition, for buildings that are characterized by 

old buildings (before 1945), the impact of building variables 

on energy consumption is gather compared to recent 

construction periods (1961-1970, and 2001-2005, in this case). 

From the local climate analysis it is emerged that direct sun 

and air temperature are two factors that strongly influence 

thermal comfort and are defined by the urban morphology and 

orientation of the neighborhood. 

The goal of the methodology presented in this work is to 

identify an “ideal” urban form with high level of buildings’ 

energy performance by improving the use of solar energy and 

the thermal comfort conditions. 
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