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Abstract 

In this work, a parametric analysis was performed with 

the aim to improve the shoebox definition from the real 

building characteristics. Besides conventional 

thermophysical and geometrical properties, context-

related features were considered. To perform a multi-

variate sensitivity analysis, several configurations of 

shoeboxes were simulated in the climate of Denver, 

Colorado, USA, using EnergyPlus as building simulation 

code. Annual energy needs and peak loads for space 

heating and cooling were analysed. According to the most 

influencing variables determined, it will be possible to 

consistently simplify and represent more efficiently a 

building into a shoebox in urban simulation. 

Key Innovations 

• Sensitivity analysis on thermophysical, geometry and 

urban features for shoeboxes 

• Minimization of building description for urban 

energy computing through shoeboxing 

Practical Implications 

Being aware of the most influential features to consider 

when developing a shoebox shaped building model at the 

urban level allows simplifying the buildings 

characteristics and reducing the computation cost of 

simulations, in particular for urban energy modelling 

applications.  

 

Introduction 

Assessing the energy demand of multiple buildings 

gained more and more attention throughout the last 

decade. Among the different methodologies developed to 

study the urban context, Urban Building Energy 

Modeling UBEM is the bottom-up workflow employed 

when Building Performance Simulation tools are used to 

estimate the energy use of group of buildings (Johari et 

al., 2020). UBEM relies on the goodness of the gathered 

data and the accuracy of the built energy model. Gathering 

geometrical and non-geometrical features of the building 

stock is one of the most challenging aspects when 

developing an urban model. In case some of the required 

data are not available, it is common to refer to standards 

and to the designer’s experience. While data availability 

cannot be controlled, the accuracy of the model can be 

improved thanks to techniques such as uncertainty and 

sensitivity analysis. That can also be used to assess the 

relative importance of the different features in order to 

focus only on the relevant ones. So far, few studies 

investigated the influence that both building and 

surrounding characteristics have on simulation results. 

They mainly focused solely on urban geometrical 

variables (Lila and Lannon, 2017), urban form 

(Vartholomaios, 2017; Mangan et al., 2021), solar energy 

potential in tropical contexts (Martins et al., 2016), multi-

scale urban design factors (Martins et al., 2019) or urban 

microclimate (Mao et al., 2017; Pappacogli et al., 2020). 

In particular, no extensive step of sensitivity analysis and 

uncertainty screening were carried at the urban scale 

(Cerezo et al., 2015). No comprehensive work has been 

performed taking into account buildings and urban 

characteristics at the same time to evaluate their effect on 

the final demand. 

Considering that simulating a group of buildings at urban 

scale requires considerable time, one of the main issues in 

UBEM is to obtain reliable results with limited 

computational effort (Reinhart and Davila, 2015). To 

achieve such goal, different approaches have been 

attempted. In particular, it is possible to (i) employ a 

simplified energy balance model based on energy 

performance standards (Mutani and Todeschi, 2020); (ii) 

select only representative buildings by means of 

descriptive indicators to capture energy-relevant features 

(Ghiassi et al., 2017), or (iii) reduce each building into a 

set of representative shoeboxes (Dogan and Reinhart, 

2017). Focusing on the third option, simplifying each 

building into a meaningful group of thermal shoebox 

models showed to be particularly effective in speeding up 

simulation time while obtaining accurate results (Davila 

et al., 2016). However, simplifying the urban context into 

shoeboxes could compromise buildings’ geometrical 

definition. To develop an urban model, buildings can be 

constructed by extruding the building footprints to their 

heights, creating so-called 2.5D building models, 

corresponding to low level-of-detail CityGML. 2.5D 

building massings are likely to be good enough even for 

UBEM targeting building-level performance (Ang et al., 

2020). Seen that shoeboxes can be considered as 2.5D 

models, their employment for UBEM simplification is 

adequate.  

With the final objective of developing an algorithm 

capable of simplifying every arbitrary shaped building 

into one representative shoebox for urban modelling, in 

this work it has been decided to identify the most relevant 

features affecting thermal demand of a simplified building 
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model as in previous studies (Pernigotto et al., 2014). A 

parametric sensitivity analysis has been performed to 

identify the shoebox features which are mostly influential 

on the thermal performance. Based on that, a real building 

is expected to be approximated by a shoebox with the 

same characteristics. Single floor and single thermal zone 

buildings have been considered. Since UBEM’s main 

target is to assess the energy demand of entire cities, 

which are constituted mainly by residential buildings, the 

focus of this research has been put on a residential use of 

buildings. Furthermore, considering the need of UBEM to 

find the best trade-off between simulation accuracy and 

level of details, building features such as internal 

configurations and complex operational HVAC system 

schedules, as well as detailed modelling of the HVAC 

system, have not been included in this analysis. Indeed, 

the availability of such characteristics when developing 

an urban model is limited and, as seen in the literature, 

often not in agreement with the level of detail pursued 

according to the current state-of-the-art of UBEM. 

After selecting the most suitable sampling technique to 

perform a multi-variate sensitivity analysis, several 

configurations of shoeboxes have been simulated in the 

climate of Denver, Colorado, USA, using EnergyPlus as 

building simulation code. As in the ANSI/ASHRAE 140, 

Denver has been chosen as reference climate due to its 

cold winters, hot summers and large daily temperature 

variations. Besides conventional thermophysical and 

geometry properties, also context-related features have 

been considered. Annual energy needs and peak loads for 

space heating and cooling have been analysed as target 

outputs. Finally, in order to identify the most significant 

features, three linear analysis statistics have been 

calculated, such as Spearman’s rank correlation 

coefficient ρ, Standardized Regression Coefficient SRC 

and Partial Correlation Coefficient PCC.  

According to the most influencing variables determined 

by this study, it will be possible to consistently choose the 

features that simplify and represent more effectively a 

building into a shoebox in urban simulation. 

 

Methodology 

This study is based on the previous work developed by 

Pernigotto et al. (2014). Therefore, the workflow 

employed is similar and mainly based on three stages. 

Firstly, the targets of the analysis have been defined. 

Secondly, the candidate variables to use have been 

chosen. Finally, the sensitivity analysis to identify the 

most relevant features for the considered targets has been 

performed.  

Targets definition 

To develop the sample of parallelepiped-shaped buildings 

required for the analysis, it is firstly necessary to define 

the research target. It has been decided to select the 

quantities that are already employed in the state of the art 

for building energy simulation validation, such as heating 

needs, cooling needs, heating peak loads and cooling peak 

loads (Judkoff and Neymark, 1995). Heating and cooling 

needs have been considered on annual basis. On the other 

hand, heating and cooling peak loads have been analysed 

on hourly scale. 

Variable selection 

In this analysis, the selected simulation outputs require the 

same inputs. Being the objectives the energy needs, the 

model is defined by all those quantities which have an 

impact on the building air-heat balance, i.e., (a) the 

building geometry, (b) the envelope’s thermal properties, 

(c) internal and external boundary conditions, and (d) 

further heat balance contributions. For each of these 

categories, the relevant parameters have been defined, 

each one with a specific range of possible values. The 

ranges for every variable are chosen to explore as much 

as possible the space of the solutions. Therefore, the 

shoebox resulting by a combination of variables does not 

need to be representative of the building stock and the 

large number of obtained combinations aims at 

consistently detect correlations between inputs and 

outputs. Although simplifications for the development of 

the shoebox for urban simulation can reasonably involve 

just a fraction of the considered quantities, such as the 

geometry, group (a), while the remaining ones, such as the 

HVAC setpoints, group (c), will be inputs for the user, the 

adoption of a comprehensive approach in the sensitivity 

analysis can be beneficial to disclose interactions and 

characterize the relative impacts on the selected targets. 

The parallelepiped-shaped building is characterized by 

three dimensions: width (x), depth (y) and height (z). It 

has been decided to keep the height of the zone constant 

and to vary only x and y, meaning that the current analysis 

focuses on a particular kind of thermal zone, i.e., a room 

or a floor of a building. Width and depth can range from 

4 m up to 12 m. Thus, the net floor area of the resulting 

thermal zone can vary from the size of a room (16 m2) to 

the size of an apartment (144 m2), with net volume 

ranging from 48 m3 to 432 m3, i.e., 9 times larger. In 

addition, the case of adjacency to thermal zones with the 

same air temperature has been reproduced by means of 

the adiabatic portion of the envelope, identified by an 

adiabatic ratio independently assigned to each single 

surface. An adiabatic ratio of 0 represents a surface which 

is fully exposed to the outside, while a value of 1 consists 

of a totally adiabatic surface. Furthermore, windows have 

been included in the model definition. Windows have 

been assigned only to verticals surfaces or walls. The 

dimensions of the windows must be compatible with the 

corresponding wall size and their non-adiabatic fractions. 

Thus, for each wall, the size of the window has been 

defined by a percentage of the non-adiabatic portion of 

the façade. For each façade the window-to-wall ratios 

have been selected independently. The window-to-wall 

ratios range between 0 and 0.9. It has been decided to 

avoid fully glazed façades because of the constrains of the 

simulation code employed regarding window-to-wall 

ratios greater than 0.95. For each façade no more than one 

window has been generated. Usually neglected when 

developing an urban model, horizontal and vertical 

overhangs have been added on the vertical edges and on 

the upper horizontal edge of every façade to complete the 
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geometrical definition of the model. Overhangs depth 

range between 0 and 2.8 m.  

To follow, the thermal properties of the envelope have 

been defined. Generally, opaque elements consist of 

insulating and massive layers. Insulating layers have high 

thermal resistance, while massive layers have a 

significant thermal inertia. In this work, it has been 

decided to impose only two layers, an insulating and a 

massive one. Polystyrene and concrete have been chosen 

as insulating and massive layer respectively. Moreover, 

for sake of simplicity, the same envelope composition has 

been assigned to all dispersing opaque surfaces. So, walls, 

ceiling and floor of the thermal zone have the same 

thermal properties. For both layers, it has been decided to 

fix thermal conductivity, specific heat capacity and 

density. For polystyrene, a thermal conductivity of 0.04 

W m-1 K-1, a specific heat capacity of 1470 J kg-1 K-1 and 

a density of 40 kg m-3 have been considered. Concrete has 

a thermal conductivity of 0.37 W m-1 K-1, a specific heat 

capacity of 840 J kg-1 K-1 and a density of 1190 kg m-3. 

The insulating layer can be placed either on the internal 

or external side. Polystyrene’s thickness can vary from 

0.00 m to 0.20 m while concrete’s thickness ranges 

between 0.05 m and 0.30 m. The thermal transmittance of 

the envelope changes accordingly from 0.17 W m-2 K-1 to 

3.28 W m-2 K-1. As concerns surface thermal properties, 

constant solar absorptance (0.3 for all surfaces but the 

internal ones of floor and the external ones of ceiling, 

assumed to be 0.6). An emissivity of 0.9 has been 

assigned to every opaque external surface, and 1 to the 

internal surfaces. The surface convective heat transfer 

coefficients have been set according to the European 

standards (CEN, 2017). A value of 20 W m-2 K-1 has been 

assigned to the external side, while for the internal side, 

the surface convective heat transfer coefficients in case of 

upward, horizontal and downward heat flows are 5, 2.5 

and 0.7 W m-2 K-1 respectively. 

As regards windows, transparent components are made of 

different layers, 1 to 3 layers of glass and by a number of 

gaps equal to the number of glass layers minus one. 

Glasses can be: (1) 4 mm clear glass or (2) 4 mm clear 

glass with low-e treatment. The gaps can be: (A) 12.7 mm 

argon filling and (B) 12.7 mm krypton filling. The clear 

glass with low-e treatment is always positioned with the 

low-e side oriented towards a gap. With 2 gaps, the glass 

in the middle has no low-e treatment. The number of 

resulting possible combinations of windows is 17 as 

reported in Table 1. The thermal transmittances of the 

obtained windows vary between 0.41 W m-2 K-1 and 5.75 

W m-2 K-1. The solar heat gain coefficient ranges between 

0.49 and 0.84. Thermal bridges and internal shading 

systems have not been considered.  

As for setpoints, ventilation rates and internal gains, 

constant values have been assigned, even though such 

quantities are generally better defined through schedules. 

The ventilation rate ranges between 0 ACH and 1 ACH. 

Internal gains are assumed between 0 and 8 W m-2, i.e., 

twice the average value recommended for residential 

building by Italian regulations (UNI, 2014). The radiant 

fraction has been kept constant to 0.5.  

Table 1: Resulting glazing combinations 

Gaps Gas Composition (outside to inside) 

0 - 1 

1 Argon 1-A-1 

1 Argon 1-A-2 

1 Argon 2-A-1 

1 Argon 2-A-2 

2 Argon 1-A-1-A-1 

2 Argon 1-A-1-A-2 

2 Argon 2-A-1-A-1 

2 Argon 2-A-1-A-2 

1 Krypton 1-B-1 

1 Krypton 1-B-2 

1 Krypton 2-B-1 

1 Krypton 2-B-2 

2 Krypton 1-B-1-B-1 

2 Krypton 1-B-1-B-2 

2 Krypton 2-B-1-B-1 

2 Krypton 2-B-1-B-2 

 

Cooling and heating controls have been considered to be 

on 24 h a day. The heating setpoint ranges from a 

minimum of 18 °C to a maximum of 22 °C. The cooling 

setpoint varies between 22 °C and 30 °C.  

In general, when creating a building energy model, 

furniture and internal walls are not modelled. It has been 

decided to account for their thermal inertia by changing 

the thermal zone air capacitance. The air zone thermal 

capacitance has been parametrically modified employing 

a multiplier ranging between 1 and 10. 

To consider the urban context, three vertical surfaces have 

been constructed around the thermal zone in front of the 

east, south and west facades, as a fence around the 

building. The north facing façade has no surface in front 

of it, because it does not experience direct radiation. Since 

the fence has the role of shading the thermal zone in order 

to simulate building’s surroundings, it has been placed at 

a fixed distance of 10 m from each façade. 

Therefore, the only variable to consider in order to shade 

the direct radiation has been the fence’s height. 

Employing Ladybug and Honeybee for Grasshopper 

(Ladybug Tools LLC, 2020), it has been possible to find 

the minimum and maximum height of the fence. The 

minimum height has been computed by connecting the 

lowest positions of the sun along the year with the floor 

edges. On the other hand, the maximum height has been 

found by connecting the highest positions of the sun along 

the year with the roof edges. In this way, it has been 

possible to intersect the fence surfaces with the sun rays. 

The minimum height allows the shoebox to receive the 

solar radiation entirely, while the maximum height 

completely shades the building. The context height ranges 

between 1.5 and 39 m. Also, the albedo of the context 

surfaces has been varied between 0.1 and 0.9.  
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Table 2: Variables and parameters for the analysis 

Geometrical properties 

Height (z) Parameter 

Length (x) Variable, 4 - 12 m 

Width (y) Variable, 4 - 12 m 

Adiabatic fraction Variable, 0 - 100 % 

Window-to-wall ratio Variable, 0 - 90 % 

Overhangs Variable, 0 - 2.8 m 

Internal shadings Not considered 

Non-geometrical properties 

Massive layer Variable, thickness 0.05 - 0.30 m 

Insulation layer Variable, thickness 0 - 0.2 m 

Insulation position Variable, internal or external 

Solar absorptance Parameter 

Infrared emissivity Parameter 

Number of gaps Variable, 0 – 2 

Type of gas Variable, argon - krypton 

Window frame No considered 

Thermal bridges Not considered 

Heat balance contributions 

Ventilation rate Variable, 0 - 1 ACH 

Internal gains Variable, 0 - 8 W/m2 

Boundary conditions 

Heating Variable, Setpoint 18 -22 °C 

Cooling Variable, Setpoint 22 - 30 °C 

Timestep Parameter 

Convective coefficients Parameters 

Internal mass Variable, 1 - 10 

Climate Parameter, Denver 

Urban features 

Context Variable, fence height 1.5 – 39 m 

Albedo Variable, 0.1 – 0.9 

 

Finally, the climatic conditions have been assigned. For 

this analysis, it has been decided to refer to the climate of 

Denver, Colorado, USA, due to its cold winters, hot 

summers and large daily temperature variations. The 

considered parameters are reported in Table 2.  

Sensitivity analysis 

The first step to perform a sensitivity analysis is to 

generate the sample of configurations for the simulations. 

Many different sampling techniques are present in the 

literature. One of the main issues is to properly estimate 

the correct sample size. Generally, the aim is to find a 

balance between the complexity, i.e., the number of 

evaluations to perform, and the consistency of the 

technique employed, trying to minimize the sample size. 

Furthermore, increasing the number of model inputs leads 

to a larger sample size. In this work, after implementing 

different sampling techniques, it has been decided to 

employ the Latin Hypercube Sampling LHS method. 

Indeed, LHS is one of the most frequently used sampling 

techniques to perform sensitivity analysis for building 

applications (Pang et al., 2020).  

Given that the aim of this work is to detect the presence 

of correlations between the input parameters and the 

output, a screening analysis has been conducted. Three 

statistics have been employed, namely Spearman’s rank 

correlation coefficient ρ, Standardized Regression 

Coefficient SRC, and Partial Correlation Coefficient 

PCC. Spearman’s correlation coefficient evaluates how 

well the relationship between variables can be expressed 

by a monotonic function. If |ρ| is lower than 0.3 the 

correlation is considered weak, while if |ρ| is greater than 

0.7 it is strong. A value of |ρ| between of 0.3 and 0.7 

denotes a moderate correlation. SRC employs a linear 

regression model, to assess the presence of linear 

relationships between input and output. In case of 

presence of interactions among input parameters, PCC is 

used to avoid multi-collinearity issues. The indexes 

resulting from PCC evaluate only the correlation between 

the single input and the output. 

To consider a relationship as detectable, only statistically 

significant variables have been taken into account, 

assuming as reference two statistical significance levels 

equal to 0.05 and 0.01. Therefore, when the obtained 

statistics is greater or equal than 0.1 or lower or equal than 

-0.1, i.e. |ρ| ≥ 0.1 for Spearman’s rank correlation 

coefficient, the relation is considered. 

Some of the input variables are dependent on others. For 

example, the input dimensions of the shoebox’s surfaces 

are used to compute the adiabatic portions of the surfaces 

from the adiabatic ratios. Then, the non-adiabatic external 

area of the walls is employed to calculate the area of the 

windows for each surface. Thus, these interdependencies 

must be neutralized. To do so, the inputs employed for the 

statistical analysis are the same employed by the air heat 

balance performed by the simulation engine. The 

variables to convert are: (1) adiabatic surface, (2) window 

type, (3) internal mass, (4) internal gains, (5) insulation 

position in the envelope and (6) window surface. Each 

adiabatic ratio has been multiplied by the dimensions of 

its surface to obtain the adiabatic area of every surface. 

The window type has been defined by a discrete variable 

going from 1 to 17. For the internal mass, the thermal zone 

air capacitance value has been multiplied by the volume 

of the thermal zone. The same procedure has been applied 

to the ventilation rate, and the air changes per hour have 

been multiplied by the volume of the shoebox. For the 

internal gains, the value utilized has been multiplied by 

the floor area. To consider both insulation thickness and 

position, two dedicated variables have been created to 

account for the position of the insulation (external or 

internal). Finally, as for the adiabatic surfaces, the area of 

each window has been computed by multiplying the 

window-to-wall ratios of the walls by their non-adiabatic 

external areas. 

Due to the high number of input parameters and the short 

discretization step used, it has been decided to 

progressively increase the sample size until convergence 

________________________________________________________________________________________________

________________________________________________________________________________________________ 
Proceedings of the 17th IBPSA Conference 
Bruges, Belgium, Sept. 1-3, 2021

 
2058

 
 

https://doi.org/10.26868/25222708.2021.30844



 

 

is reached. The final sample size for this analysis is 20000, 

as from Figure 1, Figure 2 and Figure 3. 

 

Results and discussion 

Overview 

The relationships detected in the current analysis are in 

agreement with a previous work by Pernigotto et al. 

(2014), aiming to identify the characteristics enhancing 

discrepancies between simulation codes, such as 

EnergyPlus and TRNSYS.  

Rank correlation coefficients 

Since the results obtained by the three statistics are in 

agreement, only the correlations expressed by Spearman’s 

rank correlation coefficient are outlined. In Table 3, 

outcomes for which a relationship is detected (i.e. |ρ| ≥ 

0.1, with statistical significance 1 % or at least 5 %) are 

highlighted in grey shades darkening to visualize weak, 

moderate and strong correlations. 

Most of the quantities show a weak correlation with needs 

and peaks. For all outputs, the characteristics with a 

relationship detected are almost the same.  

The parameters mostly correlated to the annual needs 

show an equal or greater correlation to the heating peak 

too, with the exception of the heating setpoint and the 

context that are only weakly correlated to the annual 

heating needs. Among the geometrical variables, the 

adiabatic part of the vertical walls are the only quantities 

that do not show any kind of relationship to the heating 

outputs. 

 

Figure 1: Correlation trend for geometrical features 

 

Figure 2: Correlation trend for non-geometrical features 

and context features 

Figure 3: Correlation trend for window types 
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The shoebox’s floor dimensions and the adiabatic surface 

of the floor show a moderate correlation to the outputs. 

Regarding the type of window, only two relationships 

have been detected. Decreasing the amount of radiation 

hitting the building by adding context surfaces and 

overhangs could have reduced the influence of the type of 

window employed. Moving to the non-geometrical 

features studied, internal mass and ventilation rate are the 

two most correlated to the two heating outputs. Internal 

mass experiences a weak correlation to the annual needs 

and a moderate correlation to the peak load.

 

Table 3: Spearman's rank correlation coefficients for the quantities of the screening analysis color-coded in grey scale 

 Annual heating needs Heating peak load Annual cooling needs Cooling peak load 

Width 0.31 0.40 0.13 0.26 

Depth 0.30 0.38 0.13 0.27 

Adiabatic surfaceSouth 0.07 0.08 0.03 0.04 

Adiabatic surfaceWest 0.06 0.07 -0.02 -0.04 

Adiabatic surfaceNorth 0.05 0.06 -0.04 -0.02 

Adiabatic surfaceEast 0.03 0.06 - - 

Adiabatic surfaceRoof 0.08 0.14 0.05 0.09 

Adiabatic surfaceFloor 0.23 0.30 0.23 0.31 

Window AreaSouth 0.13 0.18 0.08 0.16 

Window AreaWest 0.13 0.18 0.17 0.31 

Window AreaNorth 0.14 0.19 0.18 0.24 

Window AreaEast 0.16 0.20 0.13 0.22 

Window1 0.17 0.15 -0.03 0.06 

Window2 0.10 0.08 - 0.05 

Window3 - - - - 

Window4 - - - - 

Window5 -0.02 - - - 

Window6 0.02 - - 0.01 

Window7 -0.02 -0.03 -0.02 -0.03 

Window8 -0.04 -0.05 - -0.03 

Window9 -0.05 -0.05 - -0.03 

Window10 0.09 0.08 - 0.05 

Window11 -0.04 -0.02 0.03 - 

Window12 -0.03 -0.02 0.02 - 

Window13 -0.02 - - -0.01 

Window14 - - - - 

Window15 -0.04 -0.03 - -0.02 

Window16 -0.04 -0.03 - -0.02 

Window17 -0.05 -0.05 - -0.03 

Internal mass 0.27 0.34 0.11 0.23 

Internal gains 0.10 0.24 0.35 0.35 

Ventilation rate 0.63 0.71 0.03 0.28 

Massive layer -0.12 -0.14 -0.07 -0.18 

Insulation layer outside -0.06 -0.05 0.04 - 

Insulation layer inside -0.06 -0.05 0.03 - 

Heating setpoint 0.16 0.06 - - 

Cooling setpoint - - -0.55 -0.37 

Context 0.15 - -0.44 -0.42 

Overhangs 0.04 - -0.20 -0.20 

Albedo -0.02 - 0.11 0.10 
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The ventilation rate is the quantity showing the largest 

correlation coefficients. It goes from a moderate, almost 

strong, correlation respect to the annual needs, to a strong 

correlation in relation to the heating peak load. Focusing 

on cooling annual needs and peak loads, the relationship 

detected are mainly the same as for the heating outputs. 

The main differences are: (i) the zone’s dimensions show 

a weak instead of moderate correlation to the two outputs, 

(ii) the window areas of the west facing façade experience 

a moderate correlation to the peak load rather than a weak 

one, (iii) the internal gains are moderately correlated to 

both cooling outputs, and (iv) the moderate and strong 

relationships of internal mass and ventilation are weak or 

not detected. Furthermore, the influence of the cooling 

setpoint is much greater than the one of the heating 

setpoint. This impact is confirmed by a moderate 

correlation coefficient for both cooling needs and peak 

load. The influence of context-related features is better 

detected for the cooling outputs respect to the heating 

ones. The urban context input has a moderate correlation 

to both outputs. Moreover, for both overhangs and albedo 

a weak correlation to cooling needs and peak is detected. 

For the cooling outputs, the cooling setpoint is the one 

showing the highest rank correlation coefficient. Overall, 

the context variable has been the most correlated input 

among the urban features considered. 

From the obtained results, the identified variables that 

should be included when performing energy urban studies 

focusing on a shoebox shaped building are its dimensions, 

the adiabatic portion of roof and floor, the windows’ 

areas, the surroundings and the internal mass. In 

particular, it is possible to see how the internal mass is a 

building feature that should be included in such models, 

due to its relationship to the outputs. Even if it is usually 

neglected when developing urban models, it could be an 

important feature to add since it could play a significant 

role in the calibration point of view. On the other hand, 

context related features have a greater relationship to the 

cooling outputs respect to the heating ones. Therefore, it 

is possible to state that the definition detail of the urban 

environment should be greater for cooling dominated 

climates by increasing the level-of-detail of the zone and 

that of the surroundings, in order to correctly estimate 

demand at the building level. Other quantities, such as 

type of window, envelope thermophysical properties, 

internal gains, ventilation rate, and HVAC cooling and 

heating setpoints are confirmed to play a significant role 

on the building. Nevertheless, if known to the modeller, 

they will assume the same values for both real buildings 

and corresponding shoeboxes, without any specific 

simplification aimed at expediting the urban simulation. 

Conclusion 

In this study, a sensitivity analysis has been performed to 

detect which are the most influencing features on a 

shoebox shaped building thermal demand. The aim was to 

consistently choose the features that need to be preserved 

when simplifying a real building description into a 

shoebox in urban simulation. The considered building 

type is residential because, at the moment, that is the main 

focus for building energy modelling at the urban scale.  

To perform such analysis, the research targets were 

identified. Then, the variables to be employed were also 

selected within a specific range of possible values, 

defined to explore as much as possible the space of the 

solutions in order to detect robust correlations between 

inputs and outputs. A suitable sampling technique was 

adopted to create a simulation sample of the proper size. 

Finally, the correlation between inputs and outputs was 

assessed by means of statistical correlation metrics, such 

as Spearman’s rank correlation coefficient. The obtained 

results highlighted how the variables for which a 

relationship to the outputs was detected were mainly the 

same for all the investigated thermal outputs. Therefore, 

it is possible define a shoebox shaped building by 

consistently focusing only on few variables to model its 

performance. In the framework of UBEM, the results of 

this analysis can support the accurate modelling of 

buildings by means of simplified models, allowing 

practitioners and researchers to assess the energy demand 

with the same accuracy of detailed simulations, 

considerably reducing the simulation time. The next step 

to thoroughly study such interaction could be a sensitivity 

analysis with the objective of estimating the strength of 

such relationship and not only its presence.  
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