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Abstract The European Union (EU) has been committed to promoting Renewable Energy Sources (RES) since 1985, focusing its attention on the financial coordination needed to support the sector, and the possibility of harmonizing support scheme systems. Starting from this assumption, the aim of this study is to provide, by means of STATIS together with windows DEA analysis, a response about which kind of support schemes have worked best in a sample of 11 EU Member States over the last 15 years in terms of Photovoltaic overall installed capacity, the most expensive RES technology.
Abstract Sin dal 1985 l’Unione Europea (UE) è stata impegnata nella promozione delle energie rinnovabili (RES), con particolare attenzione al coordinamento finanziario necessario per supportare il settore, nonchè nella possibilità di armonizzare i meccanismi di sostegno. Partendo da queste considerazioni, obiettivo del presente lavoro è di fornire, mediante il metodo STATIS e l’analisi DEA Window, una risposta in merito a quali meccanismi di sostegno hanno meglio operato in un campione di 11 Stati Membri negli ultimi 15 anni, in termini di capacità installata, concentrando l’attenzione sul settore fotovoltaico, una delle più costose tecnologie. 
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1 Introduction
In supporting the RES sector, one of the main aspects that the EU had to deal with concerned financial system support (in the form of “support schemes”). Therefore, the possibility of system harmonization had already been taken into consideration in the first RES Directive (2001/77/EC), art. 4. The EU Commission presented a documented report on experience gained with the application and coexistence of the different support schemes in 2005, assessing that it was too early to compare the advantages or disadvantages of support mechanisms with systems still characterized by a rather short history. The second RES Directive (2009/28/EC) again called for the harmonization of support schemes. Today the question is still open.
Over the last 10 years, a wide range of literature has investigated RES support schemes effects focusing exclusively on their cost-effectiveness, through market-based models (Fagiani et al., 2013; Boomsma et al., 2012) and without dealing with harmonization proposals or the effects of the final amount of Mega Watts (MW) installed. Moreover, the matter has never been investigated through multivariate statistical methods. On one hand the main contribution of our work is on the scope (the harmonization), and on the other hand is on the method, STATIS (Abdi et al., 2005; Escoufier,1980; L’Hermier des Plantes, 1976), never used in the RES sector. The Window DEA analysis has been used by several authors, in the environmental (Halkos and Tzeremes 2009) and energy (Wang et al., 2013) sectors, mainly in terms of CO2 reduction attempts, but never in measuring the efficiency of RES support schemes. 
 With the aim of producing proposals about the harmonization of support schemes and starting from the historical dispute that saw the EU Parliament more inclined in highlighting their capacity to increase the MW installed capacity, against the Commission’s view more addressed to a cost reduction criterion, our work provides an analysis on which kind of support schemes have worked best, over the last 15 years, through a combination of STATIS method and DEA Window, from a sample of 11 EU Member States, following the MW amount criterion, whilst also considering the regional effects.
2 Data and Methods
Our dataset consists of 10 variables[footnoteRef:2] measuring the main economic, environmental and energy trends, from different data sources (OCSE, EUROSTAT, BP, IEA), for a period of 15 years (1996-2010) observed in 11 EU countries[footnoteRef:3]. The support schemes analyzed are: FIT, FITD, Demonstration Programme, Quota System, Subsidies and Tax regulation (RES LEGAL, 2013).  [2:  Cumulative installed photovoltaic power; Population; GDP per head; Oil consumption; Carbon Dioxide Emissions; Natural Gas Consumption; Energy dependence in %; Electricity generated from renewable sources in %; Final energy consumption by sector; R&D Budgets - Renewable Energy Sources]  [3: Austria - AT, Denmark - DE, Finland - FI, France - FR, Germany - DE, Italy - IT, Netherland - NL, Portugal - PT, Spain - ES, Sweden - SE, and United Kingdom - UK ] 




Denoting X the three dimensional matrix, with dimensions I (country), J (variables), K (times), firstly we obtained 15 tables (I x J), identified with, that allowed us to create a new matrix  including information about similarities among countries over the considered period. Secondly, the inner products between the  allowed us to obtain a variance-covariance matrix (RV): 






In order to confer to  matrices a weight that takes into account the similarities among tables (), an eigendecomposition of the RV matrix was performed. The first eigenvector extracted represents our vector of weights   (), conferring the three-way character to the method, and allowing us to create the covariance compromise matrix (W): 










Performing the PCA on the W matrix allowed the extraction of three principal components  to be considered as inputs in the Windows DEA model (Charnes et al., 1985), a method to measure efficiency in time series data. This approach can indicate efficiency trends over a specified period of time while simultaneously examining stability and other properties of the efficiency evaluations within the specified windows. It operates on the principle of moving averages (Charnes et al., 1994; Yue, 1992), establishing efficiency measures by treating each Decision Making Unit (DMU) in different years as a separate unit. The performance of a DMU in a period can be contrasted with its own performance in other periods as well as with the performance of other DMUs (Asmild et al., 2004). Therefore, DEA window analysis can explore the evolution of performance through a sequence of overlapping windows (Hartman and Storbeck, 1996; Webb, 2003).  Adopting the formulation of Asmild et al (2004), we consider 11 DMUs (N), observed over 15 years (T), producing PV measured in MW as output (m), using s inputs (the three PCs before extracted). Creating a sample of  observations where an observation n in period t () has an s-dimensional input vector  and a m-dimensional output vector, in a window [image: ] with   observations starting at time  1<k<T with width w, . The proposed input oriented STATIS-WDEA model of  under the constant return to scale can be written as:







	st. ,   and  with 

where  is the standardized vector of latent variables obtained in the STATIS analysis step. As our interest is in verifying statistical significance of support schemes, we consider a multilevel Tobit regression with regional effect.  
3 Main results
A loading plot allowed us to group countries according to the reproduced variance of the 3 PCs extracted, and beforehand named: 

Table 1: Countries grouped after PCA on the compromise matrix.
	PC/
GROUP
	Names of the PCs extracted
	Countries:

	I° PC
GROUP 1
	Economies using traditional energy sources: countries in which the  use of traditional energy sources remained relatively wide 
	FR, IT, DE

	Higher correlation with: Oil consumption; Carbon Dioxide Emissions; Natural Gas Consumption;

	II° PC
GROUP 2
	Energy dependence: countries characterized by high, regular and/or growing level of energy dependence from abroad. 
	UK, FR, AT, IT, PT

	Higher correlation with: Energy dependence in %; Final energy consumption by sector;

	III° PC
GROUP 3
	Alternative energy sources: countries able to invest in different energy sources, assuring a good domestic energy mix.
	DK, SE, FI, NL

	Higher correlation with: Electricity generated from renewable sources in %; R&D Budgets - Renewable Energy Sources. 



Figure 1 reports the WDEA results, showing the different countries performances in their PV development management during the last 15 years:
 
Figure 1: Efficiency scores obtained by W-DEA analysis for 11 EU  countries
[image: ]
Source: our calculation made with Frontier Analyst software 

According to the efficiency scores, we have once again grouped our countries as follows: 
GROUP A - High efficiency scores, with low variability: FR, DE.
GROUP B - Low efficiency scores, with low variability: NL.
GROUP C - High efficiency scores, with high variability: UK, SE, PT, DK.
GROUP D - Low efficiency scores, with high variability: IT, ES, FI, AT.
As we will see briefly, it is necessary to have a look at the way the support scheme systems have been implemented to better interpret these results.   
The significance of exogenous variables (support schemes) on the efficiency scores was evaluated with a Tobit regression. Some results are reported in Table 2 and show how those support schemes are highly significant. 

Table 2: Some Tobit regression results
	Variables
	Coefficient
	Std. Err.
	Z
	P>z
	[95% Conf. Interval]

	
	
	
	
	
	

	FITD_DP
	51.71
	11.55
	4.48
	0.00
	29.07
	74.36

	TAX_FITD_SUBS
	36.48
	8.64
	4.22
	0.00
	19.55
	53.41

	SUBS_QS
	26.84
	10.26
	2.62
	0.01
	6.73
	46.95

	sigma_u
	2.83e-13
	11.65
	0.00
	1.00
	-22.83
	22.83


Note: FITD_DP: Feed in Tariff/Premium together with Demonstration Programmes; TAX_FITD_SUBS: Tax reduction/deduction together with Feed in Tariff/Premium and Subsidies; SUBS_QS: Subsidies together with Quota System; sigma_u: the second level variance.

First results show that countries from Group A, implementing FITD_DP, seems to be those that worked better than the others, supporting a stable and productive PV system, able to attract investors faith. While, countries from Group B, following the TAX_FITD_SUBS system, recorded low efficiency scores caused by support policies of brief periods, undermining market faith, and achieving poor PV results. Countries from Group C, characterized by highly variable support schemes system, were nonetheless able to achieve good results also in terms of market confidence, thanks to a good mix of implemented tools. Finally, although countries from Group D implemented FIT, subsidies and/or DP, all the same they encountered problems 
linked to system management: restrictive cap; long bureaucratic management procedures; decentralization of the main funding tasks and lack of national coordination. Furthermore, our estimates show the lack of influence of solar radiations (not shown in Table 2) as well as the absence of regional effects. 
Our first results mentioned above, show how the WDEA-STATIS method seems to be a useful method for suggesting harmonization proposals on support scheme systems as it is able to take into account, at the same time, the effect of years and variables on the PV growth installed capacity of different countries and to produce an evaluation on their achieved efficiency, including the support schemes influence. 
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