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Introduction
◼

In 2019, the hydraulic energy generated was 422.8 TWh, which represented
64.9% of the total (651.3 TWh) of the Brazilian electric matrix.

◼

Physical guarantee represents the maximum energy that a power plant can
commit in its contracts over the period of one year.

◼

Each generation plant has the flexibility to allocate and distribute its annual
physical guarantee between months.

◼

This process is made once a year and is known as the seasonalization of the
physical guarantee.

Introduction
◼

The seasonalization can cause mismatches between the contracts and the
physical guarantee allocated, which can lead to shortages or surpluses that
needs to be financially adjusted.

◼

The individual allocation can financially affect the system's result as the
system’s total shortages and surpluses are shared. The players need to
maximize their payoffs but need to avoid losses in consequence of other player
movements.

◼

The seasonalization process can be interpreted as a game as the individual
decisions affect other players results and there is a set of strategies and payoffs
for each player.

◼

This work proposes a model for the seasonalization of the physical guarantee
using game theory tools and time series forecasting models to define the
optimum allocation decision.

Energy Reallocation Mechanism
◼

Sometimes some regions will have more favorable hydrological conditions for
hydraulic energy production than others.

◼

There is a mechanism for sharing the hydrological risks associated with the
optimization of the dispatch in the centralized system.

◼

The dispatch prioritizes power plants that are under the more favorable
hydrological conditions.

◼

It would not be fair for the plants to be remunerated for the production of
energy, since the dispatch decision is not theirs.

◼

In this way, the revenue is not related to the individual plant generation.

Energy Reallocation Mechanism
◼

For each month, power plant revenue depends on:
◼

Physical guarantee allocated.

◼

Contracts.

◼

System capacity to supply the physical guarantee allocated (GSF).

◼ GSF on month 𝑗, where 𝜂𝑗 is the gross generation and Γ𝑗 is the system

physical guarantee.

𝜂𝑗
𝐺𝑆𝐹𝑗 =
Γ𝑗
◼

The surpluses and shortages are adjusted in the short-term market using the
spot price (PLD) as a basis for calculation.

Energy Reallocation Mechanism
◼

For each month j, the power plant 𝑖 payoff of is:

𝜋 ij = (ℊ𝑖𝑗 × 𝐺𝑆𝐹𝑗 − 𝑐𝑖 ) × 𝑃𝐿𝐷𝑗 × ℎ𝑗
Seasonalization
decision

System component

Individual component

How physical guarantee is
distributed between
months.

How much of the total
physical guarantee can be
met by the system.

How much of the energy
contracted can be
covered by the physical
guarantee allocated.

Seasonalization Game
◼

Suppose a player allocate higher amounts of physical guarantee than that
required by their contracts for the months with higher PLD trying to increase
their payoffs on that months.

(ℊ𝑖𝑗 × 𝐺𝑆𝐹𝑗 − 𝑐𝑖 ) × 𝑃𝐿𝐷𝑗 × ℎ𝑗
◼

Doing so, they seek to have a higher payoff but they control only the term ℊ𝑖𝑗 of
payoff equation.

◼

If the other players do the same movement, GSF (the system component) will
fall bellow 1 for that month and maybe physical guarantee allocated will not be
enough to fulfill the contracts and there will be a shortage.

◼

So, the players need to consider their movements and the movements of other
players to maximize their payoffs.

Seasonalization Game
◼

We considered 3 strategies:
◼

Strategy I: allocate the physical guarantee according to the contracts.

◼

Strategy II: allocate maximum physical guarantee to the months with higher spot prices
(PLD).

◼

Strategy III: allocate the physical guarantee following the spot prices proportion.

ℊ ij

𝑃𝐿𝐷𝑗
= 𝐺𝑖 × 𝑛
σ𝑧=1(𝑃𝐿𝐷𝑧 )

▪ Where 𝐺𝑖 is the total physical guarantee of player 𝑖.

Seasonalization Game
◼

Example:
◼

Simplified 2 player game.
Seasonalization process for 2 periods.

◼

3 strategies

◼

Upper and lower physical guarantee
limits for each plant

Seasonalization Game
◼

Payoff matrix (R$ MM):

◼

Nash equilibrium allocation (both players choose strategy III):

Seasonalization Game
◼

Strategy III – equivalent prices (R$ MM): PLD x GSF

◼

Strategy III will always be the Nash equilibrium as it is able to
balance the gains of higher prices with the losses of lower GSF.

◼

Strategy I and II makes the player susceptible to the movements
of the other players, causing undesirable negative payoffs.

◼

Strategy I specially, is a very common strategy among the
players.

Game Application
◼

We chose a major player in the market to apply the optimization model.

◼

First, we adjust and applied a SARIMAX forecast model to forecast the energy
load. The gross generation (𝜂𝑗 ) for each month was estimated using the
following equation:
𝜂𝑗 = 𝜀𝑗 − 𝜏𝑗 + 𝜔𝑗 + 𝛽𝑗 + 𝜙𝑗 + 𝑠𝑗

◼

Where: 𝜀𝑗 is the energy load; 𝜏𝑗 is the thermal generation; 𝜔𝑗 is the wind
generation; 𝛽𝑗 is the biomass generation; 𝜙𝑗 is the solar generation;
𝑠𝑗 represents the generation of small hydroelectric plants.
𝜂𝑗
𝐺𝑆𝐹𝑗 =
Γ𝑗

Numerical Application
◼

Gross generation estimation (average MW):

◼

PLD expected values:

Numerical Application
◼

Optimization function: seasonalized physical guarantee must be equal to the
power plant total physical guarantee.
12

𝑘

 Γ𝑗 × ℎ𝑗 − (𝐺𝑖 ) = 0
𝑗=1

◼

𝑖=1

Restrictions: equivalent prices must be the same.
𝐺𝑆𝐹𝑗 × 𝑃𝐿𝐷𝑗 = 𝐺𝑆𝐹𝑗+1 × 𝑃𝐿𝐷𝑗+1
ℊ𝑖𝑗 ≤ 𝑃𝑜𝑤𝑒𝑟 𝑝𝑙𝑎𝑛𝑡 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
ℊ𝑖𝑗 ≥ 𝐿𝑜𝑤𝑒𝑟 𝑟𝑒𝑔𝑢𝑙𝑎𝑡𝑜𝑟𝑦 𝑙𝑖𝑚𝑖𝑡 𝑓𝑜𝑟 𝑡ℎ𝑒 𝑝𝑙𝑎𝑛𝑡

Numerical Application
◼

Results for the system:

◼

Optimum results for the player:

Numerical Application
◼

Results for the system:

Conclusion
◼

The model was able to successfully support a major player seasonalization
process for the year 2021.

◼

The model has a lot of potential to help the player to seasonalize their physical
guarantee and optimize the results.

◼

The strategy proposed (strategy III) is the best strategy even for the most
conservative players. We show that to seasonalize using only the contracts is
not a strategy that protects the player from the movements of other players.

Contribution & Limitation
◼

Main contribution:
◼

◼

We brough a new approach and proposed a new model to support the
seasonalization process. The model can optimize the financial results for the
system and for the player, individually.

Limitation:
◼ The regulatory issue is still an important concern since the sector is

undergoing several changes and the mechanisms for controlling and
sharing risks may also undergo changes, which may imply the need for
adjustments to the proposed model in the near future.
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