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			ABSTRACT: 75% of buildings in the EU are not designed according to any energy efficiency code and around 45%of the world’s energy is used in the residential sector. This is why one of Europe’s biggest energy challenges is to include consumers at the heart of the energy system. The aim of this work is to develop a solution to a problem of such magnitude: to create a system of personalised recommendations to each consumer that contributes to improving the energy efficiency of their home. 

			The data will be obtained from sensorized homes in Salamanca. Some examples of possible recommendations are reducing the temperature of the thermostat, change the time at which the house is ventilated and raise the blinds at a certain time. The system developed is capable of providing these recommendations correctly an-d efficiently.
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			1 Introduction

			For retrieving energy consumption-related data, everything that surrounds the targeted house has to be linked to a data source and every aspect of the environment must be captured digitally. When a constant dataflow is obtained, an in-depth analysis must be carried out in order to capture the valuable information. We live in the era of big data and even bigger analytics. 

			However, a new method for transforming the obtained insights into real actions had to be developed. The proposed technique is based upon previous studies for modelling social behaviour. Previous studies have shown that environmentally friendly behaviours were most effective when they were accompanied by a provincial norm, as opposed to when they were accompanied by standard environmental messages [1-13]. The statistical capabilities of Artificial Intelligence for modelling group behaviours will be used for rewarding the most eco-friendly members of the group, and criticising the most wasteful ones. 

			In this work we propose a technique based on hybrid algorithms which combine machine learning methods with mathematical and statistical techniques for obtaining insights out of the raw data. Those algorithms will be used to change consumer behaviours and result in a decrease in energy consumption, without the need of altering the structure of the building or making construction works. Furthermore, consumer comfort will be taken into account by the recommender system which will increase the likelihood of changing the consumer habits in the long term [14-25]. Our main contributions are: Generating energy-related recommendations based on sensor’s data automatically, providing the recommendation in the most effective way, maximising the likelihood of consumer’s behaviour changes, and creating a public Python library for deep sensor’s data preprocessing.

			The main goal of this master’s thesis is to provide some useful recommendations which are personalised for each user. The performance of the developed programs will be tested in the town of Salamanca (Spain) in the year 2020, as the city council of Salamanca has agreed to implement it in some of its social housings [26-31].

			2 Objectives and Methodology

			The main goal of this project is to promote energy-efficient behaviours among its users. In addition, the secondary objectives (sorted by importance) are:

			• Useful insights must be obtained from the retrieved data.

			• Users current energy-related behaviour must be correctly modelled.

			• Basic energy demand predictions must be achieved.

			• Gather data of sensors which are reliable and useful.

			• Measure the level of satisfaction of the users and take them into account for the recommendations.

			• Make an in-depth research into social behaviour modelling in order to deliver the recommendation in the most effective way.

			• Provide a easy-to-use program which can be handily implemented in a real-life case.

			• Find the relationship between certain changes in sensors’ data and an increase/decrease in energy consumption.

			The following methodology has been used: firstly a features selection is made, and a clustering algorithm selection is carried out. Afterwards, the results are validated and interpreted. Eventually, an output is produced (Figure). 
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			Figure 1. Steps of the clustering process.

			2.1 Contribution

			The innovative part of this work is the use of hybrid algorithms which combine machine learning methods with mathematical and statistical techniques for obtaining insights out of the raw data. Those algorithms will be used to change consumer behaviours and result in a decrease in energy consumption, without the need of altering the structure of the building or making construction works. Furthermore, consumer comfort will be taken into account by the recommendation system which will increase the likelihood of changing the consumer habits in the long term [32-43].

			The following recommendations can be delivered to the users:

			• Comparison of energy expenditure (weekly). The data is collected from the sensor established as the main one and compared with the rest of the neighbours, eliminating from the calculation those installations that do not have data or are not sufficient. 

			• Comparison of energy expenditure (weekly intervals). The data is collected from the sensor established as the main one and compared with the rest of the neighbours. For each installation, data from the meter is received grouped every 8 hours and compared with the data of the other installations. 

			• Thermostat survey and alert. The values of the thermostat are collected and those users that exceed a recommended value (22ºC) are sent a consumption recommendation and a percentage reduction (4-7%). 

			• Ventilation recommendation. The indoor temperature and the weather forecast (OpenWeatherMap) of the following 24 hours are measured. It is recommended to ventilate in the hour with the smaller difference between the interior temperature and the prediction, also it warns if at that hour it is possible that it rains. 

			Furthermore, if the indoors temperature exceeds the Tukey’s Fences, a recommendation for ventilation is sent [44-51].

			• Recommendation by humidity value. The humidity value is measured for each installation and, if it exceeds the Tukey’s Fences, a recommendation is sent.

			Furthermore, a public Python library has been developed and shared, it is available in PyPi. More details can be found in the ¡Error! No se encuentra el origen de la referencia.

			3 Results Analysis

			A recommender system has been successfully developed in this work. The user must place certain IoT sensors, which will collect the data for the system, and will receive recommendations for increasing the energy efficiency of the house. The recommendations are inspired in the system of Singapore, which proved this idea to be a valid method [3]. Furthermore, this program broadens the scope of Singapore’s method as, in addition to providing monthly recommendations, it delivers weekly and real-time recommendations [52-60].

			• Monthly recommendations target the long-term habits of the user, promoting the consumer used to a eco-friendlier lifestyle. 

			• Weekly recommendations target long-term habits, as well as medium-term routines. 

			• On the other side, real-time recommendations’ main goal is to end user’s obsessions which are known to be a waste of energy, e.g., airing out the house at first time in the morning (the temperature difference indoors-outdoors is at its peak, which produces a big temperature drop inside of the house).

			I believe such a complete system will be capable of improving the energy performance of dwells in Salamanca due to its wide range of recommendations. The real-life tests will show who recommendations are more useful for users and which recommendations are ignored. The program will then be fine-tuned, and the most useful recommendations will be presented in a more relevant context to the users. I consider that a raking system of «best users» could also be integrated for creating an attachment to users [61-75].

			4 Conclusion

			Energy saving or energy efficiency consists of using energy in a better way. That is, with the same amount of energy or with less, get the same results. Furthermore, saving money is important for many households, but finding the habits that will save energy at home is not always easy. Getting used to doing certain tasks on a daily basis can be complicated at first. 

			With the purpose of finding a powerful and economic solution that provides the tools necessary for changing consumer habits, it was proposed the design and implementation of a recommender system of low cost and lower cost of implementation. In addition, recommendations had to be personalised by user so that the consumer gets engaged with the program for a time long enough to change their habits.

			The designed system successfully provides personalised recommendations based on IoT sensors. The raw data was very unstructured due to several factors: failing sensors, different refresh times, etc. As a result, a public Python library has been developed and publicly published, so that people facing a similar problem can find a solution easily. The resulting data made it possible to create some testing recommendations which impact will be measured in the near future. Long-term recommendations are known to be effective based on the experiments carried out in Singapore, medium-term and real-time recommendations are believed to affect medium-term behaviours as well but no previous experiment has been made about this topic. Performance of the algorithms is satisfactory as real-time recommendations can be sent instantly and weekly analysis can be processed in a few seconds.

			Real-world tests will be carried out in Salamanca (Spain) in order to fine-tune the recommendations for increasing the user’s energy efficiency. The used data already provided useful information about the problem, but the user’s reaction to the provided recommendations will also be taken into account.

			A future research line is making predictions based on the current data. The preprocessing phase of the program provided many datasets which can be used for predicting future values of the sensors. A possible application is warning the user that they should be careful on the following day about a certain event.
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