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Overview

Photovoltaic (PV) power generation is a growing renewable source in the world (IEA, 2014; EIA, 2016; MITEI, 2015). It is expected from PV technology to improve largely in the next decade, decreasing costs and increasing output (MITEI, 2015). EIA (2016) projects an increase for solar and wind capacity up to 50 GW and 100 GW respectively in 2040 (in its most conservative projection). PV has strong potential, however substancial investments in this technology were made possible because of effective incentive policy.  We underline two groups of incentive mechanisms to promote renewables: guarantee of demand/price and financing mechanisms. Most studies focus on the first, however, financing is a key factor in the promotion of renewables, especially in developing countries (IEA, 2014). Brazil is a leading country in the promotion of renewables: more than 60% of its electricity mix is composed by hydro power plants and almost 10% by wind farms. The installed capacity of wind generation increased from 235 MW to 10 GW in the last ten years (SITAWI; CBEDS, 2016): one of the world’s most successful introduction cases of this source. The strong increase of wind generation in Brazil is a consequence of two key elements (IEA, 2014): auctions that assure long term contracts to generators (ANEEL, 2016a); and the Brazilian Development Bank (BNDES) funds dedicated for those projects (TOMELIN, 2016). The BNDES is a public bank and has been the main source of funding for wind generation, financing almost 90% of the installed capacity in Brazil (TOMELIN, 2016). BNDES’s financing program (Finem fund) is considered a success in its attempt to push wind generation (IEA, 2014; TOMELIN, 2016): subsidizing the increase of energy capacity; and fomenting the national industry through local content policy (PODCAMENI, 2014). The potential of solar energy in Brazil and the worldwide increase of this source led policy makers to promote solar power plants using a framework similar to wind power generation (VAZQUEZ; HALLACK, 2015; EPE, 2012). It included centralized auctions for long term contracts and the use of BNDES subsidized funds to invest in the power plants subject to the local content constraints (ANEEL, 2017; BNDES, 2014). The similarities can be understood as consequence of the institutional learning from BNDES, regulatory authorities and policy makers. The access conditions requires a minimum local content and such criterion is based on weight and parts (wind turbines) or percentage of parts and processes (PV panels) (BNDES, 2012, 2014). The mechanisms are quite similar in format and aim: promoting a new alternative renewable in the Brazilian mix; while gradually internalizing its industrial chain (BNDES, 2012, 2014). Seen the recognized success of wind generation policy, a similar path was expected for solar farms. Considering the demand promotion and contracts through auctions and long term Power Purchase Agreements, solar generation seemed to have followed the same steps of wind generation adding up to 2.6 GW traded in three auctions (ANEEL, 2016a), alongside a 2024’s expected installed capacity of 7 GW (EPE, 2015). Adding a huge amount of solar capacity compared to its current installed capacity of 27 MW (ANEEL 2017). Nevertheless, even if the auction results could lead us to believe in the current framework success, projects are currently being delayed (ANEEL, 2016b) and the challenges to access BNDES funds have been pointed out as the apparent cause for this (SITAWI; CBEDS, 2016). We show that the inspiration in the previous wind farms policy incentives without fully taking into account the economic and technological differences between the two forms of generation by using the same financing strategy necessarily brought contrasting results. We show that the different levels of technological maturity and international industry structures impact on the capacity of the local content policy to succeed. In order to internalize the solar technology, new policies and funds should be promoted not just as industrial policy (to internalize production) but also as an innovation policy (to internalize innovation). If policy makers are not interested in promoting innovation, the framework to push solar energy mix should also be modified. In order to illustrate these three different groups of policies (industrial, innovation and pure energy mix) we compare international case studies with the Brazilian case.
Methods

We discuss the use of BNDES funds to finance wind and solar generation in Brazil by comparing the compatibility between the rules and the techno-economic characteristics of each source. We  show that the mechanism, being adapted from wind generation, does not ajust to the needs of solar because they are in different technological paths and maturity. For that, first we analyse the framework of the mechanism used to promote wind and solar in Brazil. We focus on the financing tools which have been pointed out as the barrier for developing auction contracted solar projects. We describe the main BNDES funds to promote renewables and its main access conditions. Second, we analyse the compatibility between the access conditions and characteristics of both industries (solar and wind). Our analysis focus on: technology maturity; main international players; and the potential of Brazilian companies to actually produce state-of-the-art technology for both sources. Third, we compare the Brazilian case with the fund access conditions of the main programs to incentivize solar energy internationally. 
Results

The financing program is based on the progressive internalization of PV panels industrial chain, and the logic behind the mechanism choice is based on the institutional learning and perceived success of wind power plant program (BNDES, 2014). Nevertheless, the technological maturity and industrial condition of both industries are different. We observe that, until now, solar projects auctioned have not been able to access the BNDES fund (which should incentivise and subsidize them). As of October 2016, nine solar plants in Brazil are under construction, with only six (180 MW) having high viability of entering into commercial operation when scheduled, all belonging to the same multinational company and not accessing BNDES funds (ANEEL, 2016b). Regarding wind farms, 34.78% of its installed capacity expansion is undergoing construction versus 9.14% of solar projects (ANEEL, 2016b, 2016c). The delay of scheduled plants and the viability problems of actual power plants construction are much higher in solar than wind (ANEEL, 2016b, 2016c). In order to actually internalize PV technology in Brazil, a promotion program focusing on the actual technological characteristics of this industry (technologic maturity, industrial structure, companies’ strategies) is mandatory. Internationally, the PV panel industry is much more concentrated than wind turbines’; second, the decrease of panel costs has been strong and is expected to continue in the next years, as the PV technology is in lower level of maturity (MITEI, 2015); third, strategically to produce PV panels a more structured plan should be elaborated in order to be able to enter this market.
Conclusions

Currently, it is stated that there is no financing for solar plants approved by BNDES (SITAWI; CBDES, 2016), raising questions about the validity of the use of financing institutions appropriated from different industrial chains. The progress of the construction of these plants seems to contrast with its planned expansion (less than 10% of the installed capacity of PV power plants are under construction) (ANEEL, 2016a, 2016b), while continuing the use of the Finem fund (in its current conditions) does not seem to result in the expected solar generation outcome. The development of a Brazilian solar program must choose between: the development of stronger policies and financing mechanism to internalize the production of PV technology in Brazil (with higher costs and potential expressive bottlenecks, at least in the short term); or the promotion of a policy to increase solar capacity in the country (based on international technology, therefore excluding local content restrictions). The current mechanism became a barrier to introduce the solar energy which is a waste of the Brazilian potential and it also does not internalize PV components production. The analysis of the Brazilian case is relevant: a country that successfully introduced wind power generation massively in its electricity mix; is now having trouble to adapt the mechanisms for an introduction of PV generation.
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