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Overview 

According to International Energy Agency, buildings and buildings construction sectors combined are responsible 

for almost one-third of total global final energy consumption and nearly 15% of direct CO2 emissions (IEA, 2021). 

In France, public buildings account for 75% of the total consumption of municipalities. Thus, any work that reduces 

energy consumption in the medium and long terms, beyond renovation, is encouraged both by legislation and by 

initiatives and support addressed to local authorities. On the other hand, efforts towards raising energy efficiency in 

buildings have to take into consideration many parameters, the building, its environment, its equipment and above 

all the behaviour of its users. 

The objective of our work is integrating the behaviour of the users of a building in its energy management from the 

use of IoT and of nudges (Sunstein and Thaler, 2010), a concept from behavioural economics, to encourage energy 

savings. To do this, experiments and behavioural analyses of building users are particularly useful in order to 

evaluate the important elements to change in order to manage energy consumption in the building through the 

dynamic involvement of its users.  

The combination of a technological and behavioural approach will make it possible to think a real smart building, 

making it a key player in the future smart city and the energy transition. 

Methods 

Because of the important role occupants’ behaviour plays in raising or reducing energy consumption in buildings 

(Sun and Hong, 2017) (Vorger, 2015), especially those where occupants don’t have to pay energy bills, it was 

important to understand behaviors related to occupants actions while consuming energy. We have chosen to study a 

public building in order to investigate the impact of using nudges, as an actual incentive used by many public 

policies (Moseley, 2020), on occupants’ behaviour in this type of building. The first step was to define the constructs 

that explain occupants’ behaviour based on different theories of behaviour (Ajzen, 1985) (Stern et al., 1999) 

(Triandis, 1979) (Coulbaut-Lazzarini and Bailly, 2015). A framework based on psychological theories and 

previous works has been created as a model for our work. The second step was to conduct a survey in the studied 

building in order to evaluate the different constructs. The objective of the survey was also to know about current 

occupants behaviours related to reducing energy use in the building. Sociodemographic data was also collected. 

Based on the pre-established constructs, a k-means clustering was applied to define relevant occupant’s profiles 

depending on their intention to change behaviour, their motivations, and problems that may block energy saving 

actions. Some constructs were also used in order to attribute theoretically a specific type of nudges to the adequate 

profile with the hypothesis that it may have more impact on their behaviours. Meanwhile, an experimental study was 

conducted using sensors to collect data about respondents’ consumption of energy while using computers, lighting 

and some electrical appliances. The building management system was also used to collect data concerning heating 

set points chosen by occupants and temperatures inside the studied offices and window openings. An interface has 

been developed in order to send different types of nudges to participants depending on their profiles. The objective 

of the experimental study is to investigate the link between different profiles, incentives, the adoption of energy 

saving behaviours and the amount of energy reduction in the building. This study is important to take into 

consideration as a basis in dynamic thermal simulation to define occupants’ activities depending on their profiles. 

Different types of buildings, energy systems, occupants behaviours were simulated with Comfie-Pleiades, a thermal 

dynamic simulation tool, in order to investigate the impact of the studied incentives on reducing energy consumption 

on the scale of the building and then on larger scales.  

Results 

The survey was a valuable way to identify extra use of energy in the building as well as different profiles of energy 

users in the building. Energy consuming behaviours were important to identify in order to emphasize on changing 

them through the investigated incentives. The analysis of data collected from survey responses helped us define five 

types of energy users especially related to their intention to reduce energy consumption in the building and to adopt 



energy saving behaviours. (1) Conscious and dedicated to environmental issues users: characterised with a high 

environmental consciousness, always ready to save energy and well informed about how to do it. (2) Ready to save 

energy users facing obstacles: they have a high intent to reduce their energy consumption but still face some 

obstacles such as the priority they give to comfort, laziness, difficulty to adopt some behaviours and others. (3) 

Responsible but lacking awareness and knowledge users: this type of users is ready to change behaviours but doesn’t 

have enough knowledge and awareness to motivate him taking actions especially that he has a low perception of 

being able to do it. (4) Aware but escaping responsibility users: This type of users is aware of the need to reduce 

energy consumption in the building yet escapes its responsibilities to act towards less energy consumption. (5) 

Indifferent, not ready to change users: They have the lowest intent to save energy in the building. They lack 

environmental consciousness and are the lowest to adopt energy saving behaviours.  

Depending on their profiles and other constructs, we assigned each participant with a type of nudges taking into 

consideration their preferences (pictures, messages, graphs …) in order to test their impact through experimentation 

using sensors to evaluate behaviour change as regards the use of energy in the building. The incentives used are as 

follows (1) Peer to peer comparison, appealing to one’s inclination to adopt the same behaviour of one’s peers. It 

will consist of benchmarking energy consumptions and eco-friendly behaviours of other occupants. (2) Feedback 

and tailored messaging, appealing to one’s desire to build an eco-friendly self-image. (3) Cognitive messages, based 

on giving information in a way that is easily understood (4) Moral Appeal, appealing to one’s culpability towards 

behaviours that lead to global warming. (4) Social reviews, appealing to one’s desire of being part of the majority 

adopting the right behaviours.  

Simulating different types of profiles in the same building gave us interesting conclusions about the impact of 

occupants’ behaviour on energy consumption in the building and how using tailored incentives to raise awareness 

and larger adoption of energy savings can lead to significant energy reduction in the building. The orientation of the 

building and the type of energy management system play also an important role in defining the annual energy 

consumption of the building especially when occupants change their behaviour.  

Conclusions 

While dynamic thermal simulation is largely used as a design tool in order to predict the energy consumption of the 

building and improve its design, more works aim to introduce occupant behaviour in these simulations in order to 

have more accurate results and avoid gaps between predicted and real energy consumptions in buildings 

(Darakdjian, 2017) (Kashif, 2014) (Sun and Hong, 2017). A way to tackle this problem is to educate occupants in 

order to have common conscious behaviours that ensure a minimum amount of energy consumption in buildings. 

The objective of this work is to estimate the impact of low cost and easy to establish solutions based essentially on 

changing behaviour beyond major renovation works. This behavioural approach is interesting since it considers 

occupants depending on their profiles, motivations and adequate incentives to change their behaviour rather than 

their independent behaviours, which give more possibilities to generalisation of results.   
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