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Overview

Support schemes for renewable electricity generation (RES-E) have been extensively applied the last decades. European countries have implemented both feed-in tariffs (FITs), renewable portfolio standards (RPS) and tendering schemes on cumulative installed capacity for different RES-E technologies. This paper examines the impact of these policies in the five largest electricity consuming countries in Europe using a detailed panel data set spanning 1990-2012. Following recent policy impact studies we specify an investment decision model where the share of return on an investment in renewable generation capacity that can be attributed to feed-in tariffs is isolated. Renewable portfolio standards and tendering schemes are also included in the econometric specification. 

Methods
This study examines the impact of feed-in tariffs (FIT), renewable portfolio standards (RPS) and tendering schemes on installed cumulative capacity of onshore wind, PV and biomass for electricity generation in France, Italy, Spain, UK and Germany. The study uses a behavior model that controls for impacts of market conditions, such as prices and costs as well as specific features of the policies applied. As dependent variable we use the natural logarithm of cumulative RE capacity for each country, technology and year.

Three different independent variables are employed to explain the dependent variable: 

· Share of share of return on an investment in RES-E, SFIT
· Incremental percentage requirement, IPR
· Binary tender, BT
In addition we include a range of control variables. These are the nuclear share, coal share, gas share, petroleum share and renewable share in the electricity mix in addition to energy use per capita and real GDP per capita. The latter two are expressed as growth rates. The independent variables are chosen on terms of what support schemes are present in the chosen countries, as well as for comparative basis with previous studies. The effects of RES-E support on RES-E deployment are tested by estimating an econometric panel data model from Jenner et al. (2013).
Results
The estimation results show a significant positive impact of FITs on investments in PV capacity. This finding fits well with the findings from Jenner et al. (2013) and we find the result both intuitive and unsurprising. The learning rate for PV has been high, making costs plummet the latest years. However, PV is still a comparatively young large scale technology and the costs are still about twice those of onshore wind and biomass. Without FITs present we observe negative return on PV investments for all years in all countries. Under these circumstances, investments in PV should not be observed unless incentive schemes are present, there is imperfect information or actors behave irrationally. This considered, it is not surprising that investments in PV capacity are driven by FITs.

In addition, we also find a significant positive impact of FITs on onshore wind. This result contrasts the findings of Jenner et al. (2013) where no such effect was found. The main reason for our opposing conclusion is probably the higher cost of generating electricity used in this analysis, reducing the competitiveness for wind power without policy support. It is also interesting that we find no significant impact of FITs on investments in biomass capacity. This might be due to differences in cost approximations as well as different selection of countries. In our study, we do not find evidence that the presence of a required renewable share (quota systems) affect onshore wind and PV, while providing positive impacts on installed biomass capacity. By imposing a required renewable share that cannot be covered by existing capacity, policy makers are forcing electricity producers to invest in new renewable capacity. We find a positive impact of the presence of tendering schemes on onshore wind, but not the other technologies. PV and biomass installations are not common objects for tendering, making the lack of effect on these quite intuitive. 

Conclusions
Due to firm FIT levels and reduced costs we find that investments in PV and onshore wind power have generally had a high expected return of the investment the last five years. Furthermore, we conclude that FIT has significantly affected the development of PV and onshore wind in these countries in the period 1990-2012. The significance for the onshore wind generation contradicts previous findings. Also, it is confirmed that RPS has significantly positive effect on the development of bioenergy for power generation and that the presence of tendering schemes has contributed to the development of onshore wind. The penetration of the different RE technologies as well as the energy supply mix as a whole varies significantly in the different counties. Our results indicate that a marginal support increase of 1 €-cent/kWh would increase the annual RE generation by 94 to 9886 GWh and annual added capacity by 130-6449 MW dependent on technology and country. While an increase in FITs contract length by one year would increase the annual RE generation by 97-1644 GWh and annual added capacity by 92-1339 MW dependent on technology and country. For off shore wind power, we demonstrate that investments to a larger extent are becoming profitable given the current costs, prices and FITs. The results from this paper are of interest for policy making in multiple ways. First, it is demonstrated that the expected return on RE investments, taking policy support into account, in many cases have developed from quite minor to relatively firm the last five years. Second, it is confirmed that the RE policies in general have contributed significantly to the RE capacity expansion. In addition, the results from the sensitivity analysis show the expected change in capacity and production from a change in FIT design. This knowledge is relevant and important to optimize the FIT schemes, e.g. to reach a compulsory goal like share of renewables in total energy supply. The results also show that it is a substantial difference in the effect of changes in policy design between the countries. Further, a comparatively high SFIT may be an indication of overly beneficial FIT contracts. This might lead to explosive investments in the RE sector beyond the intended scope of the support scheme. In order to secure marginal investment in RE capacity, a marginally higher ROI under FITs than in an alternative investment should be sufficient. 
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