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Electricity Mix in Brazil



Brazilian Transmission System
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BRAZIL EUROPE

Continental Dimension

Large Scale Power System

 Territorial Extension : 5,514,876 km²
 Population: 210 million (2019)
 GDP: USD 1.9 trillion (2018)



Hydropower Plants Configuration

Several plants from 
different owners in the 

same river basin

Energy Optimization and
Centralized  Dispatch of 
the Whole Power System

(162 HPPs + 114 TPPs)



CEPEL´s Chain of Optimization Models for the Generation Expansion
and Operational Planning of the Brazilian Interconnected System
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Long Term Expansion Planning

Ten Year Expansion Planning

Long/Medium Term Operation Planning

Short Term Operation Planning

Unit Commitment

CEPEL´s Chain of Optimization Models for the Generation Expansion
and Operational Planning of the Brazilian Interconnected System
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Long Term Expansion Planning

Ten Year Expansion Planning

Long/Medium Term Operation Planning

Short Term Operation Planning

Unit Commitment

Stochastic Optimization Models

Simulation Models

Synthetic Scenarios Generation Models

Investment and Commercialization Models

Streamflow Forecasting Models

Reliability Models

CEPEL´s Chain of Optimization Models for the Generation Expansion
and Operational Planning of the Brazilian Interconnected System



Ancillary Services in Brazil

Current Ancillary Services in Brazil
1. Reactive power support / voltage control
2. Reactive power support -Synchronous Compensator
3. Special Protection Systems (SPS)
4. Primary Frequency Control
5. Secondary Frequency Control / AGC
6. Black-Start capability
7. Complementary dispatch to maintain the SR/AGC
8. Demand Response - pilot program



Short-Term: Milliseconds to Seconds

137 generating units from HPPs

Source: ONS

Reactive support from 
Syncronous Compensators

(*) SPS in the transmission system are paid through the TUOS charge



Short-Term: Seconds to Minutes



Short-Term: Minutes to Hours

71 HPPs currently with contracts



Medium-Term: Hours to Days

Source: ONS

São Francisco River Basin



Medium-Term: Hours to Days

Source: ONS

São Francisco River Basin

Wind power vs Thermal power  complementary dispatch to 
keep AGC in HPPs - Northeast subsytem (May-17 to Jul-19)



 Environments for Electricity Trading in Brazil
 Competition for the long-term market

Long-Term: Months to Years
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GENERATORS
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Public Auctions Free PPAs

Supply and Demand 
are free to negotiate 

the terms of PPA

Public Auctions in 
which the electrical 
energy is negotiated 
through long-term 

regulated PPAs
(15 - 35 years)

Spot Market
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Energy
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To improve the 
system security

DisCos and Free 
Consumers

System Resource Adequacy



Results of Public Auctions: 2008 - 2015

Hydro 47.8%

Diesel Oil 1.9%Other Gas 0.3%

Fuel Oil 8.9%

LNG 1.8%

Coal 4.3%

Natural Gas 13.4%

Biomass 5.4%

Wind 15.6%

Solar 0.5%

Total Capacity Added:
65,479 MW

Financial Allocation:
US$ 613 billion

Includes New Energy Auctions, Renewable Sources Auctions, 
Structuring Projects Auctions and Reserve Energy Auctions

Source: Brazilian Chamber for Commercialization of Electrical Energy 

70% of the
Energy Traded
and Added to

the System
comes from
Renewables

 Environments for Electricity Trading in Brazil
 Competition for the long-term market System Resource Adequacy



Concluding Remarks

A Bill on the commercial model of the electric sector is
under analysis in the Brazilian Congress
Two key issues regarding Ancillary Services:
 separation between capacity and energy in two

products with different prices (currently they are
commercialized as a single product)

 introduction of a price bidding procedure in the short-
term market (currently, spot prices are calculated based
on stochastic optimization models developed by
CEPEL)

If approved, room will be opened for the definition of
new products for the provision of ancillary services

Hydropower
 provides most of the ancillary services
 is remunerated for the costs incurred instead

of the opportunity costs



albert@cepel.br; albert.melo@ime.uerj.br
crzani@gmail.comThank you!

CEPEL – Centro de Pesquisas de Energia Elétrica
DEA – Energy Optimization and Environment Department
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