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Overview

The present works fit into a project funded by ADEME in France involving several partners: Institute for Techno-Economics of Energy Systems (I-tésé) and INES of CEA, CSTB, IFPEN and IMRI
 (cf. Taverdet-Popiolek N. et al., 2013). Here, we are only interested in the last phase of this project, directed by I-tésé. It consists of an analysis from the point of view of the public authorities, of various innovation policies for the deployment in France by 2030 of electric vehicles powored by solar photovoltaic electricity (PV). This innovation involves enhancing the synergy building-mobility by association of positive energy houses (with PV panels on their roof) to electric vehicles (EVs). The batteries of these vehicles would be primarily recharged by PV electricity and could also be a way for stocking intermittent solar electricity for later use (cf. Hummel P. et al., 2014, 2013 and Schwan T. et al., 2013).

The aim of the project is the implementation of a decision-making model for the public administration which can select the best innovation policies based on a number of criteria reflecting their major goals in term of policies concerning energy, economics, social consistency and "factor 4" by 2050 achievement (reduction by 4 of greenhouse gas emissions compared to 1990 levels
).
Methods

Basically, the approach taken to develop the potential actions was to identify and strengthen or combine coherently different innovation policy instruments (policy of supply or demand), environmental and fiscal policies (carbon tax, gas tax) and policies of territorial planning and the social cohesion. As for the construction of the criteria, it is based on the analysis of the main objectives of the public authorities as shown above (one criterion for each objective) and by adding a criterion reflecting the public cost discounted over the study period of the deployment of any tool. A total of eight criteria were selected and weighted. The criterion of reducing greenhouse gases (weight = 30%, expressed in million tonnes of avoided CO2) was the first, followed by the one for the minimisation of public spending (weight = 22 %, expressed in millions of euros discounted to 2015), the 6 other criteria being equal in the third place (weight = 8%). The weight of the criteria was made based on a representation of the public interest, guided by the overall objectives of the R&D program funded by ADEME and called "Innovation and factor 4" to which the works described here belong. Note that all criteria are evaluated compared to the Business as Usual scenario, reflecting the continuity of the current policy until 2030 and in the context of a relatively favourable economic and energy scenario for solar mobility in France during the study period: high gas and electricity prices (positive annual growth rate over [2015, 2050]), low discount rate (5%)).

We chose the outranking approach by using ELECTRE IS method (Roy B., 1991; Roy B. and Skalka J.M., 1987) in order to take into account each criterion (j), a threshold of indifference (qj). This one is related on the one hand, to the fact that the statistics we use have uncertainties because they have been projected in time (evaluation of the criteria over the period [2015, 2050] taking into account the length of mobilized equipment life) and on the other hand, to the difficulty for the public authorities to express strict preferences for local ranking, on the criteria, actions with very similar assessments. For each criterion, qj was calculated based on the mean and standard deviation of all the values of the test on all potential actions. It was not considered as appropriate to evaluate the weak preference, which implies equality between the indifference threshold (qj) and the preference threshold (pj) for all criteria. Similarly, it was considered for this application, that the public authorities did not apply a veto. Table 1 summarizes the criteria with their weight and their indifference threshold.
	Criterion
	Preferences Branch
	Weight of the criterion kj
	Threshold of indifference qj

	1. CO2 balance: avoided emissions (Million t)
	Max
	30%
	4

	2. State Budget: expenditure (Million €)
	Min
	22%
	1000

	3. Health and Pollution: avoided cost (Million €)
	Max
	8%
	50

	4. Job creation: Thousands of jobs
	Max
	8%
	40

	5. Avoided Imports: Million €
	Max
	8%
	2500

	6. Diffusion in the North: %
	Max
	8%
	0

	7. Acceptability: Points (note)
	Max
	8%
	0

	8. Peak smoothing: cumulative hours
	Max
	8%
	65


Table 1: Weight of criteria and indifference threshold
The concordance level is set at 0.8 as it is frequently the case with ELECTRE IS: 80% of weighted criteria must vote "yes" to the statement "the a policy is better than the b policy" in order to say a outranks b at the global level. The ELECTRE IS software (which also helps eliminating circuits present in the outranking graphs) is used by subset of policies (supply policies, demand policies...) in order to highlight, for each of them, one or several best policies.
Results

Then ELECTRE IS allows the best of the "winning" policies to be chosen. They are three in number: P1 = R&D Subsidies (PV + EV) + carbon tax; P2 = R&D Subsidies (PV, EV + Smart-Grid) + carbon tax; P3 = Feed-in-tariffs + carbon tax (carbon tax = € 44 / tCO2 in 2015, 100 in 2030 and 200 in 2050). Their evaluation criterion is given in Table 2.
	Kernel’s policies (final stage)
	CO2 balance (Mt of avoided CO2)
	State Budget (M€)
	Health and Pollution (avoided cost M€)
	Jobs created (thousands)
	Avoided Imports (M€)
	North diffusion (%)
	Population Acceptability (points)
	Peak Smoothing (hours)

	P1
	39
	757
	287
	166
	26 460
	50
	8
	1 013

	P2
	39
	704
	287
	168
	26 460
	50
	8
	1 013

	P3
	80
	3 988
	1 198
	359
	72 289
	0
	10
	1 228


Table 2: Policies contained in the kernel and evaluation criteria
Conclusions

Finally, a demand policy (P3) based on a strengthening of Feed-in-tariffs in 2015 with a carbon tax, is among the best policies. It has the disadvantage of not being very focused on mobility because it only subsidizes the photovoltaic electricity. We preferred to recommend to the public authorities the two ring policies (P1) and (P2) that simultaneously combine a research support in favor of the related technologies and a relatively high carbon tax. Such a result is in the same direction as the work with a different methodology (endogenous growth models applied to low-carbon energy technologies) (Taverdet-Popiolek N. et al., 2013).
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