Explicit and realistic representation of heterogeneities in residential demand for space heating: modelling principles and implications for national energy policies.
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Research topic and overview of related research

Residential buildings sector encompasses increasing energy demand projections and large technical potentials for energy savings [Levine et al., 2007] that are mainly more cost-effective than in sectors like transportation or industry. However, the decline of main residential energy uses in France (space and water heating) is limited by market and behavioural failures, making the reach of ambitious reductions targets very unlikely without the implementation of dedicated public policies [Giraudet et al., 2009]. Moreover, prospective studies have also shown that only major technological change scenarios on heating usages for existing buildings meet overall national long-term target (carbon emissions reduction by a factor of 4 in 2050 comparing to current level) [CLIP, 2011]. 
On one hand, current political context is characterized by increasing public finances constraints (leading recently to the reduction of efficient refurbishment tax credit in France). One the other hand, it has been shown that residential energy savings potentials are very diverse in cost-effectiveness [Laurent et al., 2009] and technological learning potential [Weiss et al., 2008]. Finally, recent work highlighted the importance of energy demand heterogeneity representation when studying the diffusion of energy efficient equipments [Cayla, 2009]. Previous elements draw a need for a realistic and technology rich modelling of energy efficiency potentials and related households investment decisions in response to various types of policy instruments. Such model aims at providing an efficient and realistic support for national energy policymakers, better adapted to their financial constraints and energy reduction targets than classical normative and aggregated models.
Methods


We attempt to develop such kind of behaviourally and technologically realistic model through the explicit representation of heterogeneities on five key variables:

· Household types (income, number of households members)
· Existing dwellings theoretical energy consumption (insulation, heating system efficiency, dwelling surface) 

· Energy services intensity of use (restrictive to unrestrictive behaviours)
· Refurbishment market performance (equipment types, associated performances and lifetimes)
· Refurbishment market prices for a same performance level 

Our model is based on a detailed description of about 1000 households and dwellings (via a self-administered survey conducted in 2009 on more than 2000 households). These descriptions are converted into technological performances thanks to a public database (French Energy Performance Certificate). The technological market typology (performance and average prices) is derived from a French survey conducted every two years on 30000 households since 2006 by French Energy Agency. Technology specific prices distributions have been defined by experts judgment and internal field studies. Household investment decision is made at the end of equipments (heating systems) and dwelling parts (windows, roof, walls) revealed lifetimes providing a realistic and continuous flow of energy efficiency implementation opportunities. Households then choose the highest NPV among technological options, with a capital constraint on additional costs comparing to reference refurbishment (without energy efficiency). This first cost barrier is defined as a fraction of households income.
Thanks to the developed model, current and innovative residential energy policies have been simulated on the 2010-2035 period. When possible, a quantification of public investment impact on national energy consumption has been carried out. Sensitivity analysis have been conducted on innovative parameters such as explicit capital cost barrier and technology prices heterogeneity.
Results and conclusions
Simulation results concerning the cost of saved energy (expressed in euro per kWh) for a same policy instrument can vary significantly depending on model resolution (explicitly represented heterogeneities). High resolution provides higher contrasts when looking at the cost-effectiveness of energy savings potentials among households and dwellings, allowing a better targeting of cost-effective energy savings potentials. Moreover, a significant gap is found between normative and realistic simulations, making realism a crucial point for the dimensioning of national energy policies with quantified energy savings targets with limited founding.
Sensitivity analysis revealed that the two innovative parameters (additional cost barrier and refurbishment offer prices heterogeneity) can have an influence on simulation results in the same range as contrasted energy prices scenarios. This result highlights the need for further investigation and better understanding in order to develop adapted policy tools.
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