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Overview

Climate charge is an extenal facobr of growing importance ad consequence in the financial retuns of
hydroelectric gnertion in Brazil. Due to the size ad diversity inthe caintry’s hydrological regimes, there isa
high reliance onhydroelectric power in the energy matrix. Thus, resenoirs day an inportant rde in increasig the
systems reliahility of suppy at lowv ecoromic cost: they ®re waer in the wet yearsin which inflow enegy is
favorable,in orderto alow energyproducton in the dry yeargdBezerra etl., 2010). However, there is great
variaklity in hydroelectric infow enegy from year to year, whicimpacts the hydopower kusinessmodel.

In recent years #re tas keen waldwide mncern that doughs may be increasingin frequency, se\erity, and

duration due to charging climatic conditions (Peteson et d., 2013). Particdady, since 2014 Brazil has leen
expeliencing one d the most severe doughs in decales. Ths rainfall deficiency hagenerated water sirtages ad

awater crsis thathasaffectedhydropowerproducers and the national econo(frernandest al, 2018). A drop in
power generationreducesthe ability of a hydro business b meet is contractual oftigations ard may creak a statef

financial distress.In adlition, unexpected measues by the govemmert to control this crisis increasedthe

vulnerablity to future hydropower returns. Due to these &cbrs, the adption of a hedje model that canprovide a
sakty net fa the hydopowver poducers that are nost vunerable while promoting a retional drought pdlicy based
on the corcep of risk reduction is necessay. In this line, weaher derivative contracs such as swap, cdlars

straddles, putor cdl optionsand futures. can be used to mitigate climate risk (Thind, 2014).

The pupose d this paperis to introduce a new swap odractto hedge hydrological risk More sgecifically, our aim
is: (i) to define a methoddogy for measiring a customized swapcortract of a genertion system (ii) to use this
methodology to analyzéhe current long-termcontract model of the Braziliansystem (iii) to amalyze theimpactof
the hedge on the expeded revenue of hydro power plants for the next yeas and (iv) to propose public pdicies to
introducethis new nechanism in the market.

We focus on weater derives for two reasms. First, energy derivatives are erarging asremarkale as®t class. Tl
range of products offered to investors range from exchange traded funds to sophisticaed produds. Second,
derivative contractsasrisk managenent tods are ecessary anduseful for hydropower investors. Today, it becanes
aninstrument to protect the kusiness activties of the energrise (Bertrand and Panaudeay 2017). To the kest of of
knowledge no reseach has yet discussed this new type of swap contract in Brazl.

Methods

We propose austonized swapmodel to mitigate the hydralgical risk of the Brazilan ekctricity system A closed
form aralytic pricing formulais derived ard we determine the fair market price for this enegy derivative contract.

The swapis structuredin swch a way lhat for each fxed megawatthour (MWh) delivered to a gererata committed
to long-term energy contract, thetrader recéves a gartity of floatingenegy. The gererata receiwes fixed anmourts
of erergy wheneer it deliver a floating quartity indexed to the GSF scalindgactor (GSF), wthich is the relaion
between the volume of enegy effectively gereratedby the systen ard the total platis capacity. The physical
guarantee is determed corsidering that his gereration level wil be achieved with a95% corfiderceinterval. The
differencebetweenthe plant’s physical giarantee ad the factor of protecton FP isthe floating anoun, i.e, the
erergy thatis available fa- swappng. The tra@r receies te factorof floating energy FFEfor eachMW available
to a tydroelectric plah The uncettainty of the model is in the GSHactor.
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Results

Our model conveys important results. In summary, the swap derivative added value to the hydroeledric investment
and mitigated the hydrological risk. Also, the swap showed to hawe the highest inpact o reverue compared with
thetradtional model. Moreover, our model provedto ke an eficient instument to reduce riskwhile interactng with
pdlicies plaming process. Threfre, ou results sggest that th@groposedswapis anefficient hedge mecrarism for
the tydropower generator, as itincreaseshe expected everue whil e still mitigating risk.

Conclusions

This study has important implications for hydropower busness reseach as it bringsinto focus the importance of
conddering increasimgy drough risks asthe effects 6 climatecharge cangeneratefinarcial losses ad dropsin cash
inflows aml adrersely affect hydropowver business nvestments. We customize the swa derivative to protect
hydropower generators againstthe hydrological risk in the Braziian electicity market and test ar model with a
representative kidropowver generator and run monthly simulations for market piice and power generation The
results indicated an appropiate paformance of the proposed modd to mitigate risk.
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