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Overview

Many U.S. states and EU countries have passed regulations to encourage renewable electricity (RES-E) generation in the last two decades. Two of the most popular policy types are feed-in tariffs (FIT) and renewable portfolio standards (RPS). A few econometric studies have assessed the effectiveness of these policies, but most do not account for policy design features and market characteristics that influence policy strength. Yin and Powers (2009) developed a statistical measure of RPS stringency that allowed them to control for several policy design elements and showed that doing so reveals links between policy and RES-E development that would otherwise be masked. 
In this paper, we undertake the first rigorous econometric analysis of FIT effectivness in Europe.  We employ 1998-2009 panel data to assess the impact of FIT policies on solar photovoltaic (PV) and onshore wind power development in European Union countries. We use a fixed-effects regression model to control for country characteristics that may influence both policy implementation and RES-E development. Similarly to Yin and Powers, we develop a new measure of FIT strength that accounts for tariff size, contract duration, digression rate, wholesale electricity price, and electricity generation cost. We find that FIT policies have driven both solar PV and wind capacity development. However, this effect is overstated without controlling for country characteristics and, in some cases, may be masked without accounting for the unique design of each policy. Our results therefore make a case for more rigorous analysis of RES-E policies moving forward, particularly the inclusion of controls for regional characteristics and policy design. We provide empirical evidence that the unique characteristics of each FIT and the market it affects are a more important determinant of RES-E development than the presence of a FIT alone.
Methods

We assemble 1998-2009 panel data on solar PV capacity, onshore wind capacity, FIT policies, other RES-E policies, and relevant social and economic variables for the EU 27 sample. We develop a fixed-effects regression model to assess the effect of FIT policies on the development of technology-specific RES-E capacity. For energy technology i, in country s, in year t, our main regression model is:

(1)       ln(Capacityist ) = β0 + β1ln(SFITist) + β2INCRQMTSHAREst + βxZist + βyWist + µs + uist                 where
Capacityist is the generation capacity provided by energy technology i (PV or wind)
SFITist is our indicator for FIT strength (see below for specification)

INCRQMTSHAREst is the indicator for RPS strength developed in Yin and Powers (2009)

Zist is a suite of binary variables that represent other policies designed to encourage RES-E development
Wist is a suite of social and economic variables expected to have an impact on RES-E development
 µs represents country-level fixed effects and uist is an error term
Our indicator for FIT strength (SFIT) is defined as follows. For energy technology i, in country s, in year t:
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     where
FITist is the price received for producing one kWh of renewable electricity under a FIT contract established in year t (in Eurocents/kWh). For fixed-price tariffs, this is the amount of the tariff. For premium tariffs, this is the electricity wholesale price plus the bonus.
Tist is the duration (in years) of a FIT contract established in year t
Pist is the wholesale market price of electricity (in Eurocents/kWh)

List is the expected lifetime (in years) of a solar panel or wind turbine constructed in year t
Cist is the levelized cost of electricity production for capacity built in year t (in Eurocents/kWh)
Intuitively, SFIT represents the return on investment (ROI) associated with RES-E capacity installed in year t. The numerator of the first term equals the total revenue received by a RES-E producer for generating one kWh per year over the lifetime of a panel or turbine installed under a FIT contract in year t. During the FIT contract, the producer receives revenue of FITist. After the contract has expired, revenue drops to the wholesale electricity price until the end of the capacity’s lifetime. The denonminator equals the total lifetime cost of producing the same kWh annually. Subtracting one results in a ratio of profit to cost—i.e. ROI. We assume a constant capacity utilization across the entire panel. In sum, SFIT is a more nuanced indicator of the true installation incentive provided by a FIT, as compared to traditional binary policy variables that are simply “on” if the policy is in place and “off” if not.
We first run preliminary regressions to establish the baseline relationship between ln(Capacity) and policy variables for both wind and PV. The first is a pooled cross-section regression that does not control for country-level fixed effects and the second is a fixed-effects regression with binary policy variables only. We then run a series of regressions using the model given in Equation (1).
Results

Our baseline pooled cross-section regressions reveal a large, positive, and significant relationship between FIT policies and RES-E development. When country fixed effects are controlled for, the relationship either becomes statistically insignificant (for PV) or remains significant but diminishes in magnitude (for wind). This implies that there are country-specific characteristics that are correlated with both policy implementation and RES-E development. A Hausman test confirms that country fixed effects will produce bias if not controlled. In other words, countries that promote RES-E with feed-in tariffs also have other attributes that make them more likely to build RES-E capacity (e.g. geography, socio-economics, culture, etc.). Future studies must control for these factors to avoid overestimating the true impact of FIT and other policies ceteris paribus. The table below provides a summary of coefficients resulting from our fixed-effects regression model:
	
	
	(1)
	(2)
	(3)
	(4)

	Variable
	Solar PV
	Onshore Wind

	Binary FIT
	0.108
(0.165)
	
	0.342**
(0.171)
	

	SFIT
	
	0.729***
(0.089)
	
	0.359***
(0.092)

	Sample size
	264
	264
	264
	264

	R2
	0.307
	0.464
	0.636
	0.653





         *** = <1% significance, ** = <5% significance, * = <10% significance 
The results of regressions (2) and (4) indicate that feed-in tariffs have driven solar PV and onshore wind development in the EU since 1998. Specifically, for a 10% increase in the ROI provided by a FIT policy, countries install an additional 7.3% PV generation capacity and 3.6% wind capacity per year, on average. However, the coefficient for PV is much smaller and insignificant when a simple binary policy variable is used in (1). In other words, accounting for policy design features using SFIT reveals a link between tariffs and RES-E development that would otherwise have been concealed. (More extensive regression results are available in the Online Proceedings paper.)
Conclusions

Feed-in tariffs are a popular policy tool to promote renewable electricity generation, but the country-specific strength and effectiveness of existing FIT policies have not been accurately evaluated. Our SFIT indicator closes the gap. We find that FIT policies have driven solar PV and onshore wind development in Europe since 1998. However, this relationship is obscured by endogenous factors—primarily country characteristics and policy design features. For researchers, this implies that future studies must take these factors into account to accurately assess policy effectiveness. For policymakers, it suggests that policy design matters—specifically, that the interaction of tariff size, digression rate, contract duration, electricity wholesale price, and electricity generation cost is a stronger determinant of RES-E development than the presence of a FIT alone. In future analyses, we hope to more rigorously characterize the impact of each design element to provide insight into strategies for optimizing FIT performance.
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