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Conférence plénière n°1 

« Les arbres – Fonctionnement et rafraîchissement urbain » par Marc Saudreau, UMR Piaf 

Les arbres possèdent une capacité remarquable : moduler la température de leurs feuilles grâce à la 
transpiration. Cette régulation thermique, très variable dans le temps et selon les essences, dépend de 
multiples facteurs : leur environnement aérien et souterrain, la structure de leurs houppiers et leur 
physiologie. Souvent présentée comme un levier clé pour améliorer le confort thermique urbain, sa mise 
en œuvre doit se faire à la lumière d’une compréhension approfondie des processus physiologiques sous-
jacents et de leurs modélisations. Ce cours a pour objectif d’introduire les bases physiologiques du 
fonctionnement des arbres et d’analyser leurs impacts sur le microclimat thermique local. 

 

Conférence plénière n°2 

« Adaptation aux vagues de chaleur : données, outils et dispositifs » par Véronique Dufour, Ville et 
Aménagement Durable 

La présentation illustrera le benchmark des ressources et problématiques des professionnels, liées au 
confort d'été. Il s'agira de présenter un panel de solutions à disposition des acteurs pour traiter ce sujet et 
de mettre en exergue les questionnements de terrain. 

 

Conférence plénière n°3 

« STD, de la préhistoire à nos jours, comment nous en sommes arrivés là aujourd'hui.» par Jean-Jacques Roux, 
UMR CETHIL 

André Nessi et Léon Nisolle publient trois ouvrages en 1925, 1929 et 1933, afin de fournir aux bureaux 
d’études des moyens de calculs simplifiés par l’utilisation de méthodes graphiques et d’abaques préétablis 
: «Par l’introduction systématique, seulement esquissée dans le livre précédent, de la fonction d’influence 
dans les problèmes de chauffage, nous sommes parvenus à atteindre non seulement une grande précision, 
mais aussi à éviter toutes les difficultés mathématiques d’application au personnel des bureaux d’études … 
En partant des calculs de déperditions en régime dynamique et des résultats des abaques, on établit en 
quelques minutes la formule qui donne la température de l’air.»  … Que s’est-il passé depuis cette lointaine 
époque ? 
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RÉSUMÉ.   Les analyses de sensibilité des performances passives se concentrent souvent sur le classement des 

paramètres de conception. Par conséquent, les interactions de ces variables et leurs sensibilités aux climats restent 

insuffisamment comprises. Cette étude vise à comprendre les interactions dominantes entre variables ainsi que les 

sensibilités dépendantes du climat, pour deux objectifs : l’intensité annuelle de consommation d’énergie thermique 

et le taux de confort, dans trois climats : chaud humide, chaud sec et très chaud sec. L’analyse de la sensibilité 

demande un grand nombre de simulations coûteuses en temps. Le ML permet de les remplacer par un émulateur 

prédictif rapide. Ce papier propose une analyse de sensibilité globale de Sobol conduite par un modèle de 

substitution, suivi par une analyse conditionnelle. Les résultats montrent une performance dépendante des 

interactions, avec une sensibilité variable selon le climat. Ils fournissent ainsi des orientations de conception 

contextuelles pour la phase préliminaire. 

MOTS-CLÉS : Performance thermique passive, analyse de sensibilité, climats égyptiens. 

 

ABSTRACT.  Sensitivity analysis approaches in passive performance studies often focus on ranking influential 

design parameters. Consequently, the interactions among these variables and their climate-dependent sensitivity 

remain insufficiently understood. This study aims to understand dominant variable interactions and climate-

dependent sensitivity patterns for two objectives (Annual Thermal Energy Use Intensity and Comfort Time Ratio) 

across three climates: hot-humid, hot-dry, and extremely hot-dry. A machine learning surrogate model trained on 

simulation data was used as a fast predictive emulator. Then, variance-based Sobol global sensitivity analysis and 

conditional scenario analysis were conducted. Key results indicate that passive thermal performance is strongly 

interaction-driven and context-dependent. Variable rankings remain stable, while sensitivity magnitudes vary across 

climates. These findings offer context-sensitive design guidance for architects at the early design stage. 

KEY WORDS: Passive Thermal Performance, Sensitivity analysis, Egyptian climates. 
 

1. INTRODUCTION 

Early-stage decisions related to the building envelope critically govern both energy consumption and 

thermal comfort, as these objectives often conflict across climates conditions and pose greater challenges 

in hot climates  (Abd El-Rahman et al. 2020; Wu and Zhang 2022; Gupta and Deb 2023; Hanafy et al. 

2022). The building envelope consists of opaque and transparent elements, each with distinct physical 

and thermal properties. Glazing properties selection and window  to  wall ratio (WWR) directly influence 

solar heat gain (Elhadad and Orban 2021; Hanafy et al. 2022). Shading devices reduce direct sunlight 

and heat, while a well-insulated building envelope significantly reduces the cooling energy demand 

(Gupta and Deb 2023; Nasrollahzadeh 2021). Natural ventilation enhances airflow and reduces reliance 

on mechanical cooling, improving energy efficiency and thermal comfort (Rashad et al. 2024). 

In response, recent research has moved toward integrating optimization algorithms with machine 

learning models to efficiently identify high-performing design alternatives in early-stage design (Guo et 

al. 2022). Despite these advances, most studies consider limited passive design variables, constraining 

analysis of complex performance interactions. For instance, Wu and Zhang (2022) and Nasrollahzadeh 

(2021) examined combinations of WWR, shading devices, and glazing in China and Iran, respectively. 

Within the Egyptian context, studies by Abd El-Rahman et al. (2020) and Khalil et al. (2023) focused 
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primarily on shape, orientation and WWR in Cairo’s hot climate. However, their scope was limited to 

selected geometric variables without integrating broader envelope and operational factors. 

Sensitivity analysis (SA) is classified into local methods (LSA), which vary one parameter at a time, 

and global methods (GSA), which explore the full input space and can account for parameter 

interactions, (Borgonovo and Plischke 2016). The variance-based Sobol’ method is a robust approach  

in building performance (Nouri et al. 2024; Elhadad and Orban 2021). This distinction is critical for 

interpreting “low-importance” variables: a small first-order index does not justify factor fixing, since 

interaction-driven influence may not be visible in main-effect rankings (Nouri et al. 2024). This 

highlights a key limitation of first-order indices, Borgonovo and Plischke (2016) point to using higher-

order variance-based indices to quantify pairwise interactions, while Cvetkov-Iliev et al. (2025) propose 

scenario-based testing after Sobol analysis to interpret and illustrate interaction-driven pattern. 

The literature still faces two methodological limitations. First, many studies evaluate only partial 

subsets of passive variables. Second, sensitivity analyses are often limited to importance rankings, which 

provide limited insight into interaction masking. In particular, it doesn’t show whether low-ranked 

variables are truly insignificant or only appear so due to interactions, nor how sensitivity patterns shift 

across climate. This study first identifies the key passive thermal performance drivers. It then aims to 

understand dominant variable interactions and climate-dependent sensitivity patterns for two objectives 

(Annual Thermal Energy Use Intensity and Comfort Time Ratio) across three Egyptian climate zones: 

hot-humid, hot-dry, extremely hot-dry. 

2. METHODOLOGY 

 In this study, global sensitivity analysis is applied to a surrogate model as a fast predictive emulator, 

trained on simulation data, to quantify feature importance with respect to the model outputs. Variance-

based Sobol’ indices decompose the output variance into main effects (S1) and interaction effects (S2, 

ST), enabling an interaction-aware interpretation of how envelope variables drive energy and comfort 

metrics across climates. Finally, a conditional scenario analysis evaluates a compact set of rule-based 

cases around a defined baseline (see Figure 1). 

2.1. CASE STUDY SETUP 

Medium-sized office buildings were selected as the case study due to their flexible geometry, large 

facade areas, and relatively high energy consumption. According to ANSI/ASHRAE (2021), Egypt’s 

cities span a hot-climate gradient: Alexandria under Zone 2A (hot-humid), Cairo falls under ASHRAE 

Zone 2B (hot-dry), while Aswan is classified as Zone 0B (extremely hot-dry). The representative 

building footprint was abstracted from a PODIUM office building in Cairo Festival City, Egypt  as 

depicted in  Figure 2. The model assumes standard operating hours (09:00–17:00), a total floor area of 

1,350 m² (30 m × 45 m), five storeys, and a typical floor-to-floor height of 3.6 m. 

 Figure 1 Research methodology flowchart 
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2.2. ENVELOPE DESIGN VARIABLES 

Envelope variables were grouped into transparent and opaque components, with WWR governing 

their relationship. Transparent elements included glazing and external shading, while opaque elements 

represented the thermal properties of external walls. Window operability represented natural-ventilation 

potential under an opening specific strategy. Orientation was treated parametrically by rotating each 

configuration in 45° increments, providing a uniform sampling (Table 4 for all variables). Features levels 

are defined  according to The Egyptian Code for Energy Efficiency Improvement in Buildings  (HBRC 

2005). WWR was defined independently for each façade and tested  at three levels (0.20, 0.45, and 0.70). 

Shading devices  was treated as an ordinal discrete variable with three levels: (SD-0) no shading, (SD-1) 

moderate shading, and (SD-2) high-performance shading. Each level was characterized using the 

average projection factor (PF) and the average solar gain reduction ratio (SGR), as detailed in Table 1. 

Glazing Properties was modelled at two ordinal discrete levels: standard double glazing and high-

performance Low-E double glazing. The latter significantly reduces thermal transmittance (U-value) 

and solar heat gain coefficient (SHGC), as detailed in Table 2. Thermal Insulation of External walls 

variable (basic and high) modifies the opaque envelope's R-value, serving as a fundamental measure to 

reduce heat transfer, as detailed in Table 3. Operable windows were modeled as an operational variable 

with two discrete modes: OW-1 (Mechanical) and OW-2 (Hybrid ventilation) (Rashad et al. 2024).  In 

OW-2, natural ventilation was modeled using the simplified zone-level window-opening model in 

Honeybee/EnergyPlus, selected for its lower computational cost and suitability for large early-stage 

parametric runs. Windows opened when indoor temperature was 20–26 °C and outdoor temperature was 

18–26 °C, with a 30% operable glazing fraction to represent partial opening during suitable hours. 

 

Toggle value Elevation Shad type Depth D. between PF (Avr) SGR (Avr) 

SD-0 Without shade devices 

SD-1 

South (Overhang) 0.80 m - 0.40 0.69 

East 
(Vertical Louvers) 0.80 m 1.00 m 0.80 

0.70 

West 0.49 

SD-2 

South (Horizontal Louvers) 0.60 m 1.00 m 0.6 1.00 

East Overhang  

+ V.  Louvers 
0.80 m 0.50 m 1.00 

0.98 

West 0.78 

Toggle value type Layers R-Value 

EW-1 Single Wall 2 cm plaster + 25 cm clay brick + 2 cm plaster ~ 0.57 m²·K/W 

EW-2 
Double Wall 

(Cavity Wall) 

2 cm plaster + 10 cm clay brick + 5 cm 

Polystyrene + 15 cm clay brick +2 cm plaster 
~2.6 W/m².K 

Table 1 Shading device levels and their associated performance descriptors 

Table 3 External wall  types (EW-1, EW-2) for the case study 

 

Toggle value type Layers SHGC U-Value VLT 

G-1 Clear Double Glazing 6 + 6 + 6 mm ~0.75 ~4.93 W/m².K ~0.65 

G-2 Low-E Double Glazing 6 + 12 Argon + 6 mm  ~0.25 ~1.7 W/m².K ~0.42 

Table 2 Glazing levels (G-1, G-2) and corresponding U-value and SHGC used in the simulations 

Figure 2 base-case building model abstracted from real footprints (Cairo, Egypt) 

 



Conférence IBPSA France – Lyon – 2026 

- 4 - 

 

2.3. OBJECTIVES FUNCTIONS 

The case study focuses on two primary objectives: Annual thermal EUI and thermal comfort. The 

thermal EUI is measured in kWh/m²/year, quantifies annual heating and cooling energy per square meter 

of conditioned floor space (Khalil et al. 2023).  Thermal comfort was quantified using the Comfort Time 

Ratio (CTR), defined as the share of occupied hours meeting ASHRAE 55 criteria (ASHRAE 2020). In 

fully conditioned mode (OW-1), comfort was evaluated with the PMV model (PMV within ±0.5; PPD 

≤ 10%), while in hybrid mode (OW-2) naturally ventilated hours used the Adaptive Comfort Model 

(±2.5°C). A unified CTR was then computed by weighting PMV-based and adaptive-comfort hours 

according to city-specific natural-ventilation ratios. 

2.4. BUILDING PERFORMANCE SIMULATION 

The workflow was implemented using Rhino/Grasshopper to generate design variants, EnergyPlus 

simulations were executed for a mid-floor  via Ladybug Tools (Honeybee), and Colibri was used to 

automate iterations and log inputs and outputs into datasets. An adaptive stratified sampling strategy 

was employed to reduce computational cost. Following full-factorial simulations of key parametric 

combinations, variability patterns were used to allocate denser sampling to high-impact regions and 

lighter sampling to stable regions, achieving full input-space coverage with 16% of the dataset. 

2.5. SURROGATE MODEL  

After data structuring and cleaning, a Multi-Output DNN surrogate model was trained on 2,511 cases 

per city (k=9 input variables) to predict objectives for subsequent sensitivity analysis. Although direct 

simulation-based sensitivity analysis is possible, Sobol-based GSA requires evaluation over a structured 

Saltelli sample rather than arbitrary simulation points with N=1024, this required 20,480 evaluations per 

city. Therefore, the DNN surrogate was adopted for computational efficiency. Moreover, while tree 

models such as XGBoost showed high accuracy within a narrower sampled range, the ANN provided 

better interpolation across the continuous design space, making it more suitable for the present 

sensitivity analysis. Validation confirmed high predictive fidelity (Thermal EUI: R² = 0.996, MAE = 

1.425, RMSE = 2.140; CTR: R² = 0.995, MAE = 1.232, RMSE = 1.992). 

2.6. SENSITIVITY ANALYSIS 

Firstly, Sobol variance-based GSA (Saltelli, N = 1024; total runs = N × (2k + 2)) was used to compute 

first-order (S1) and total-order (ST) indices for all variables. Saltelli samples were floor-mapped to 

discrete levels to ensure uniform sampling across levels. Interaction magnitude was first screened using 

ST − S1 to identify interaction-driven variables, then selected second-order indices (S2) were computed 

to isolate dominant pairs. Pair selection followed two criteria: large interaction mass (ST − S1) to 

nominate candidates, and cross-context consistency across cities.  Robustness was assessed by repeating 

the analysis across random seeds and reporting the sensitivity indices as mean ± SD across seeds. 

Categories Design variables Available Values Step Options base case 

Climate Location [Alex, Cairo, Aswan] - 3 - 

Form Orientation [0°, 135°] 45° 4 0° 

Envelope WWR-N/E/S/W [20, 45, 70] % 25 % 12 (3 x 4) 20% 

Shading device [SD-0, SD-1, SD-2]  Table  3 SD-0 

External walls [EW-1, EW-2]  Table  2 EW-1 

Glazing type [G-1, G-2] Table  2 G-1 

Operational system Operable Windows [OW-1, OW-2]  - 2 OW-1 

Table 4 Input Design variables and their ranges 


