Overview

Residential and tertiary buildings in France consume 46% of the global final energy (2017) and are responsible for 30% of all energy related carbon dioxide emissions (2016) [START_REF] Cgdd | Chiffres clés de l'énergie -Édition[END_REF]. However, even if this represents an important potential of energy consumption reduction, this potential is not totally exploited and the building sector remains a silent consumer. With the development of Internet of Things and the integration of Big Data and sensors in many fields of daily life, there is an important need to develop intelligent approaches in order to create sustainable environments where less energy is consumed while responding to comfort needs. Hence, more and more importance is nowadays given to the industrial and academic issue of using the potential of digital solutions in order to make buildings more energy efficient from design to operation phase. The development and the use of simulation tools aimed to help designers predict the energy consumption and performance of the building. However, recent researches and experiences have shown a considerable gap between predicted energy consumptions and real ones, and occupant behaviour is now essentially recognized as the main responsible of this disparity [START_REF] Darakdjian | Data mining of building performance simulations comprising occupant behaviour modelling[END_REF] [START_REF] Vorger | Étude de l'influence du comportement des habitants sur la performance énergétique du bâtiment[END_REF]. The interaction between users and buildings, occupant presence and the adaptive actions they may have to maintain their comfort can make energy consumption five times higher than what was predicted (IPEEC Building Energy Efficiency Taskgroup, 2019). Thus, occupant behaviour must be well understood and modelled in a more accurate way in order to identify its impact on energy consumption. This will help identifying the adequate energy saving recommendations and turn occupants from consumers to active users of energy in buildings.

Methods

The incorporation of Smart Meters and Sensors plays an important role in studying the interaction between occupants and buildings which is an important step towards behaviour change. They give access to a considerable amount of Data concerning indoor and outdoor parameters, occupants' presence, use of openings and electrical equipments. The analysis of this Data will enable understanding the use of energy in the building and define the factors behind excessive consumptions. Then, change towards a virtuous behaviour can be brought through concepts from behavioural economics. The first step of our approach will consist of the Co-simulation of a case study building using an energy modelling program and existing occupant behaviour models, a method that has been used in previous works [START_REF] Darakdjian | Prédiction des performances énergétiques des bâtiments avec prise en compte du comportement des usagers[END_REF] (Kashif, 2014) [START_REF] Sun | A simulation approach to estimate energy savings potential of occupant behavior measures[END_REF] . Then, by using Data Mining methods we will investigate the impact of occupant behaviour and other parameters on the energy consumption of the studied building. This sensibility analysis will help us focus on the main influencing elements for which Data must be collected and more accurate models must be developed. It will also help define behaviours that need change in order to reduce energy consumption. A parallel experimental study will be conducted in the same building consisting of collecting Data from sensors and from sociological surveys in order to calibrate the used models and to emphasise the impact of occupant behaviour. This will help developing the results obtained from simulation software and make them more realistic. The second part of the work will consist of changing behaviours using a behavioural economics concept called "Nudge". It is an interesting way of transforming incentives to actions by making individuals choose the wished decision through changing the environment architecture [START_REF] Charlier | Under pressure! Nudging electricity consumption within firms. Feedback from a field experiment[END_REF] [START_REF] Lehner | Nudging -A promising tool for sustainable consumption behaviour?[END_REF]. Based on the previous results of occupants behaviour modelling and the impact of some activities on energy consumptions, we can choose, develop and test the adequate "Nudge" to implement in the studied building depending on its particular characteristics, and the estimated impact it may have on the energy reduction .

Results

Being at a preliminary stage of our study, first energy simulations are being conducted in order to obtain results concerning yearly energy consumptions (heating, cooling, lighting) of the building taking into consideration occupant behavior through the use of models from literature (presence, use of openings, shading, lighting, and
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Rabab Akkouche, PSL Research University, Centre for Applied Mathematics, Sophia Antipolis, +33614018364, rabab.akkouche@mines-paristech.fr Sandrine Selosse, PSL Research University, Centre for Applied Mathematics, Sophia Antipolis, sandrine.selosse@mines-paristech.fr Gilles Guerassimoff, PSL Research University, Centre for Applied Mathematics, Sophia Antipolis, gilles.guerassimoff@minesparistech.fr management of heating and cooling set points). The main parameters that influence these consumptions are going to be identified through a Data analysis including other physical parameters of the building. Further work is going to be done concerning the experimental part in order to collect Data from the case study building. A parallel review of the concept of "Nudge" and its use as a non-price intervention in decision making and energy efficiency was accomplished.

Conclusions

The aim of our work was based on the consciousness that a multidisciplinary approach (technical and social) is required in order to understand energy use in buildings and reach energy efficiency by changing occupants' behavior (Zélem, 2018) [START_REF] Hong | Ten questions concerning occupant behavior in buildings: The big picture[END_REF]. Through the prediction of occupants' activities and comfort needs, a more effective nudging towards changing energy use can be achieved. In future work, the objective will consist of an automatization of the process of generating "nudges" for the studied building based on the previous study of occupants' influence on energy consumptions.