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Overview
Brazil began fostering wind energy in 2004 through a feed-in incentive program named Proinfa, with limited sucess. In 2009 wind energy began to be contracted through a series of government auctions within the regulated market with the objective of increasing the current 1.8GW in installed capacity to 14GW by 2020. 
The auctioning system has put considerable pressure on the profitability of wind farms, but the government has partly compensated this through guaranteed purchase of energy for 20 years - and at the auction price plus inflation -, along with certain rules that spread part of the risk of intermittent generation throughout energy buyers/consumers. Several auction designs have been tried so far, with great success. 
Despite this, both the government and the investors would like to see wind energy also negotiated in the deregulated market, where wind farms and distribution companies (Discos) sign bilateral agreements after a free price negotiation. Investors see the deregulated market as an opportunity to recover their profitability since the auctions have caused wind energy prices to drop from USD 150/MWh (Proinfa wind farms) to the current USD 50/MWh; on the other hand, the government perceives this as a healthy development of the market. Nevertheless, only a few contracts involving wind energy have been signed in the deregulated market so far. 
Negotiating wind energy in the deregulated market is not simple. First, while in the regulated market the generation risk is minimized by a portfolio effect as all buyers buy from all sellers in a same auction and the rules for the financial settlement of deviations from committed energy generation are pre-defined, free market players must decide how to share the generation risk. Secondly, wind farms in the free market do not enjoy the benefits inherent to negotiations in the regulated market such as a) government planed transmission expansion following regulated auctions, which include the possibility of wind farms sharing grid connection installations with significant reductions in capital expenditures; b) the fact that the government accepts the energy committed at auctions as part of Discos’ requirement to contract 100% of their expected energy demand, while this rule is not defined yet for wind farms in the free market; c) last but not least, the 20-year contract at fixed prices make auctioned wind farms very attractive for raising debt capital.
While solutions for these problems are being discussed, the wind sector and government arrived at a creative solution: to include wind farms in the auctions for energy with first delivery date 5 years ahead the auction, known as the A-5 auctions. Prior auctions were A-3, therefore consistent with the lead time required to build a wind farm, which averages 2-3 years. Under the A-5 auction design, investors therefore have the option to anticipate the construction of the wind farm and sell whatever energy is generated before year A in the deregulated market. These farms will also enjoy the benefits of being included in the government’s plans for transmission and, since they are also granted a 20-year contract in the regulated market from year 5 on, they can have easy access to debt financing. Therefore, this new scheme eliminates two of the most important difficulties in selling wind energy in the free market.
However, will wind farms recover profitability thanks to this flexibility? What is the value of anticipating construction? When is the optimal time to invest? Will the deregulated market for wind energy actually take off with the A-5 auctions? This paper analyzes this problem by modeling this investment decision in the case of a hypothetical wind farm under the Real Options approach. Using the actual results of the first A-5 auction held in Dec 2011, our model shows that given the low prices averaging USD 50/MWh, this reference farm may be tempted to defer the investment due to an expectation of lower equipment prices and/or higher energy prices in the future. Our analysis also shows that a bidder that takes into account the flexibility to bear the cost of eventually abandoning the project  would bid more aggressively in the auction. On the other hand, this behavior increases the chances that the wind farm will never materialize and that less wind power energy will be negotiated in the deregulated market. Finally, the decision to wait to invest is highly dependent on the efficiency improvements that can be attained in the wind farm’s micrositing, thanks to a longer wind data series. This highlights the importance of translating this additional knowledge about the site’s potential into economic/financial data that can be actually used by decision makers.
Methods
Inspired by the seminal works of Black, Scholes (1973) and Merton (1973), Real Options Theory allows one to determine the value of options embedded in real projects that are subject to uncertainty. This analythical method takes into account the fact that managers have the flexibility to make optimal decisions in the light of new information that may be revealed over the life of the project, such as the cost of equipment and prices in the deregulated market, which may add significant value to the project. Based on this theoretical framework, our paper analyses the decision to invest in a hypothetical 25 MW wind with a 48% capacity factor under the A-5 auction rules. This wind farm’s characteristics describe adequately the conditions of a standard wind farm in Brazil. 
This wind farm is confronted with two opposing incentives: if it invests immediately after the auction, it can sell energy in the deregulated market for 2-3 years, but it also has to anticipate capital expenditures, bank loans and, therefore, the timeline of the debt service. If the firm waits to invest, it looses revenues but postpones capital expeditures and debt service. It may also be able to secure a better deal on equipment costs and energy prices in the free market in the years to come, and also get a better knowledge about the site’s wind behavior before deciding over the optimal turbine to use and micrositing. We modeled this gain in efficiency from delaying the project by considering that the same capital expenditures would allow the wind farm to produce more energy and, therefore, increase net revenues. We analyze this dilemma by considering two type of investors: a) a player that undoubtedly intends to build the wind farm; b) a more opportunistic investor who considers the option to abandon the project and therefore may fail to perform the contract closed at the A-5 auction.
Results
For our reference wind farm, the breakeven energy price is at USD 56.8/MWh in an A-5 auction, and in case construction starts immediately so that energy can be supplied in the deregulated market for 3 years. Auction prices have ranged USD 48.5-54.5/MWh, though. At the USD 54.5/MWh ceiling price, the wind farm is only feasible if the flexibility to wait to invest is taken into account and only if a better knowledge of the site’s wind potential allows for  an increase of over 10% (per year of waiting) in the farm’s net revenues during its 5-25 year life in the regulated market.  At the floor price, USD 48.5/MWh, not even efficiency gains above 15% (per year of waiting) would make the project feasible. With this 15% increase in efficiency upon waiting, this same entrepreneur might have won the bid at a higher energy price,  USD 50.5/MWh. In this case, however, investments begin either in year 2 (41% probability) or in year 3 (59% probability), that is, this wind farm would negotiate energy in the deregulated market for only one year, and only with a 41% probability.
However, if the entrepreneur is opportunistic and is willing to abandon the project in case market conditions deteriorate,  the breakeven price is lower at USD 50.5/MWh, even if no efficiency gains from waiting is considered. The option to abandon the project accounts for most of the value gain in this case: the project’s value grows from (USD 12.6 M) to USD 0.2M just by considering the option to abandon the project, eventually. In such case, there is a 64% chance that the project will not materialize, after all.
A sensitivity analysis to the assumptions adopted in our analysis shows that results are highly sensitive to  eventual learning gains, highlighting the need to research if longer wind data series actually translate into more efficient wind farms. Changing the assumptions regarding the volatilities of the two main uncertainties - capital expenditures and energy prices at the deregulated market -, break-even prices change, of course, but not so significantly as originally expected (if the investor does not take into account the option to abandon the project). 

Conclusions
At the very low wind energy prices currently prevailing in Brazil, the flexibilities inherent to A-5 auctions may not foster a significant amount of energy being negotiated in the deregulated market. Hoping for better results, our reference wind farm tends to wait for better Capex and price conditions before initiating construction, so the construction is more likely to be initiated in 2 or 3 years, with little time left for delivering energy in the free market. The tight prices at the auctions also increase the chances that opportunistic entrepreneurs, those that consider the option to abandon the project, will win the bids. In this case, the hypothetical wind farm is not to be constructed, at all, in 64% of the scenarios. Therefore, this work signals that this attempt to foster the deregulated market for wind energy might not pay-off and the government must otherwise expedite new measures to eliminate the structural problems that are currently hampering this market to blossom. In the meantime, and in order to avoid contracting projects that might not materialize, penalties for non performance should be considerably increased.
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