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Introduction

A bibliographical study through the analysis of articles and institutional/regulatory frameworks has been consulted to identify and classify the barriers and motivations for EER. This includes the analysis of studies in relation to Bibliometric networks and statistical methods for modelling decision making processes for energy renovations. This is the first part of this research, which aims to complement the bibliographical analysis with data analysis using R studio and statistical methods. The data will be obtained from open-data sources, and it will analyze more than 250,000 houses located in France. The case study will lead to the support of the factors that most influence the decision-making process on EER in the residential sector.

Methodology

Buildings are responsible for the 40% of the total energy consumption and the 28% of CO2 emissions [1]. New regulations in many countries demand that by 2050 the residential sector will become carbon neutral. In France, the Low Carbon National Strategy (SNBC) is the main legal binding document which states the different objectives to achieve carbon neutrality. However, only 6.6% of dwellings in France are low energy consumers [2]. This means that about 93% of the total residential sector must be renovated by 2050. This energy efficiency policy has been framed into a bigger context of energy poverty, which is important from the point of view of energy prices, energy policies and environmental objectives [3].

To achieve the SNBC's objectives, energy efficiency renovations (EER) in the housing sector are key to reduce energy consumption and carbon emissions. Also, as Kerr et al. have indicated, this is the path to tackle energy poverty and environmental challenges at the same time according to experiences in European countries such as the UK and Ireland (Kerr, N. et al., 2019) [3]. However, current challenges such as the increase on energy prices have been important for the implementation of policies supporting the SNBC (See figure 1).

In numbers, the SNBC aims to complete at least 500,000 renovations per year and at least 370,000 deep renovations per year starting in 2022. For that, homeowners might need to start renovating their houses with or without incentives, as well as tenants might need to adequate themselves to allow such renovations. There are many factors that might influence an EER decision which are classified as barriers and motivations. This research aims to understand and classify the underlying motivations and barriers for EER. 

Conclusions

This research aims to find out the main motivations and barriers affecting the decision of homeowners to renovate their homes. Extensive research has been done to determine economic factors affecting EERs, but it is still lacking a more comprehensive research taking in consideration non-economic factors (motivations and barriers) affecting EER. This research has highlighted the most important motivations and barriers, and in a second step will study a case with open-data to find out a quantitative model that justify such factors. Other methods such as the Multiple-criteria decision making might be useful to explore for this subject. In addition, it is recommended that governmental housing, socio-economic and energy open-data are available in a format that can be analyzed through spatial analysis for a better link between all these variables.

Results
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Motivations and Barriers are mainly sub-classified as economic and non-economic factors [5]. Different methodologies have been applied to the study of such barriers and motivations to understand the decisionmaking process of property-owners to renovate their homes. Bibliometric networks have been a useful tool to understand thematic areas for modelling decisions, while other authors have analyzed the subject through models of energy consumption behavior [3]. Among the main economic barriers are the payoff period for the investment, upfront costs and investment and aversion to loan, while for economic motivations the most named are the increase of energy prices and the increase of the property value. Misinformation and uninterest are among the most named non-economic barriers, but reduce on energy consumption, lower environmental impacts, and improve of thermal, acoustic and noise comfort are among the most named non-economic motivations. The identification and classification of the main economic and noneconomic barriers and motivations for EER are a useful input to build EER models and to compare them with the trends that can be found through the analysis of open data.
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 1 Figure 1. Evolution of energy prices (in €/MWh) for households from 2007 to 2020 in France. [4]
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 2 Figure 2. Main motivations and barriers found through a bibliographic analysis of EER decision-making processes.
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 2 Figure 2. Relation between energy consumption and total surface of a set of dwellings in the Department of 'La Loire' (France).