
 

Optimization modeling helps control
electricity supply continuity in Brazil
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The Itaipu Dam is a major hydroelectric generating facility located on the Parana
River, located at the border between Brazil and Paraguay. Credit: ONS

(Phys.org) —For boaters, fisherman and others, a lake filled with water
is an opportunity for recreation. But for an organization such as
Operador Nacional do Sistema Eletrico (ONS) in Brazil, a full lake
behind a hydroelectric dam is also an optimization challenge that must
be addressed to provide reliable electric power at a stable cost.

Brazilian power system generation is dominated by hydroelectric sources
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using large reservoirs that allow multi-year regulation. As of 2010, the
country's power generation facilities included more than 200 major
power plants, of which 141 were hydroelectric. The hydro facilities
account for 77 percent of Brazil's installed generating capacity, and are
located in 14 large river basins with their generation interconnected to
take advantage of hydrological diversity between the basins.

Because the hydro plants use water stored in reservoirs to generate
electricity, operators must decide when to use the water. Since the water
inflows depend on rainfall, the amount of water available for future
power generation cannot be predicted with high accuracy. Moreover,
historical records indicate the possibility of dry periods which place a
burden on hydro generation – and may require the use of thermal power
plants to meet demand.

ONS uses a complex computer algorithm that models the system to help
ensure that electricity generation meets the demand at minimum
expected cost, planning the generation of power based on such
information as electricity demand forecast and water inflow scenarios
based on the historical data. The system also sets the monthly price of
power for the country. However, during the early part of this century,
power rationing that took place in Brazil called into question the validity
of meeting day-to-day needs using a policy based on minimizing the
expected cost of power.

To improve the system, ONS decided to develop a methodology for
adding a risk aversion criterion to the planning model. Four years ago, it
contacted Alexander Shapiro, a professor in the Stewart School of
Industrial and Systems Engineering at the Georgia Institute of
Technology. Shapiro is an expert on optimizing systems using stochastic
programming, a technique useful for modeling complex systems when
not all input parameters can be known.
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"The usual criteria used for our planning purposes took a neutral
approach to the risk of energy supply failure," explained Joari Paulo da
Costa, a research engineer with the Methodology Development
Department of ONS in Rio de Janeiro. "During earlier energy rationing,
it turned out that this approach was not sufficient and that some measure
of risk aversion had to be taken into account by the planning model. An
ad-hoc procedure had been implemented, but only with the results of the
risk-averse methodology proposed by Professor Shapiro have we
achieved a proper inclusion of these concerns into the methodology and
computer program."

During the course of the project, Shapiro visited Brazil several times to
confer with officials of ONS, including da Costa and Murilo Pereira
Soares, a senior engineer.

"If they don't have enough water, they have to use more expensive
generation sources," explained Shapiro. "The algorithm they have been
using sometimes produces high prices for electricity, that, although fully
justifiable within the mathematical framework, do not conform to the
expectations and are not intuitive."

The system presented a classic optimization challenge concerning the use
of a resource whose future availability could not be determined with
accuracy.

"The risks in the system are very simple," Shapiro explained. "When you
have water in the reservoirs, you can either use it now, which makes
electricity very cheap now, or you can hold onto it. If you use it now, in a
few months you might not have enough water to produce the electricity
you need."

Shapiro and former Ph.D. student Wajdi Tekaya worked with ONS to
understand the problem formulation, and suggested some modifications
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that would reduce the risk of energy supply failures. The changes they
made rely on stochastic programming, which is often used for modeling
optimization programs that involve uncertainty.

"We developed a methodology for how to control the risk of energy
shortages while optimizing the use of water," he explained. "We also
wanted to control the risk of price spikes. It is a very complex system."

The project also provided a computer implementation of the proposed
methodology. This prototype served as a proof of concept which played
a fundamental role in validating the proposed methodology.

The new risk-averse methodology developed in the collaboration
between Shapiro and ONS has now been integrated into the computer
program being used to set operational policy and prices for the Brazilian
Interconnected Power System, da Costa said.

The methodology developed by Georgia Tech and ONS could potentially
be applied to other power generation systems, as well as to other
operations in which uncertain natural resources – such as water supplies
– must be used to meet the demand for electricity or other products.

"The approach to managing risk is very general and could be applied in
other areas," Shapiro said. "The approach is a new one that could be used
to reasonably control the risk." In real-world optimization problems,
decision-makers rarely have all the information they want, so decisions
must often be made on incomplete data. "We have to make the best
decisions with the information that we have," said Shapiro. "We all
know the past, but we cannot know the future. We have forecasts, but we
do not know for sure what will happen."

Provided by Georgia Institute of Technology
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