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Brazilian National Interconnected Power System:  

Total Capacity 152,980 MW Power Plants (June, 2017): 
▪ Hydro 98,778 MW 

– Large and dispatchable 93,216 MW  
– Small  5,556 MW 

▪ Thermal 43,253 MW  
▪ Wind 10,712 MW  
▪ Solar 237 MW  

– centralized 145 MW  
– Distributed 92 MW 

▪ Other distributed sources 132 MW. 
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Brazilian National Interconnected Power System  

▪ 538,053 GWh Yearly (Jun/16-Mai/17) 
▪  Total storage capacity of large hydro reservoirs 

211,913 GWh 
▪ Hence 39.3% of annual consumption 
▪ Peak power demand (February 2014)  

– 85,708 MW 
▪ Below of large hydro capacity  

– 93,216 MW  
 
High voltage transmission lines (230kV to 750 kV) 
amount to 136,027 km. 
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Questions regarding storage in Brazil 

▪ Putting aside restrictions in transmission capacity, in 
principle the system can meet its peak and energy demand, 
even with large participation of intermittent sources.  

▪ In this context, the technical question then becomes, mainly, 
electric stability parameters such as voltage and frequency 
regulation under short-term large variability of the 
intermittent sources.  

▪ Besides the technological challenges, the regulatory 
framework to be adopted and implemented, in order to 
stimulate a sustainable and efficient transition, is a matter 
open for discussion. Hence the importance of reviewing the 
international experience. 
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The seminar focus and questions 

▪ The technical and economic strategies to accelerate the share 
of modern renewable energy in the Brazilian energy matrix. 
 

▪ Explore the contribution of storage (here, mainly 
electrochemical and hydrogen) technologies. 
 

▪ Management and regulation, as well as other, beyond battery 
and hydrogen, storage strategies to optimize expansion and 
operation of the unique Brazilian Interconnected Power 
system under large penetration of wind and solar power 
sources 
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ON MARCH 15, 2018 -  
last thursday 

GERAÇÃO= 
CARGA 

77.895 MW 

HIDRAULICA  52.110,1 

TERMICA   7.981,6 

NUCLEAR      639,1 

ITAIPU  11.789,2 

EOLICA   5.349,3 

SOLAR        25,7 
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Installed Capacity (MW) Region and Source 

Source: ONS(2018)  



IEE/USP                                                                                                                              Slide 10   

National Interconnected System 
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Diagrama Equemático das Usinas Jan/2018 



IEE/USP                                                                                                                              Slide 12   

Brazil Electricity Production x Consumption GWh 
GWh 
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SIN – History:  EARmax and Energy Production,  GWh 

Source: FALCETTA,  2015: 141 Usinas existentes + 29 Usinas previstas 
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Newave Software – Stochastic Dual Dynamics Process 
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Newave – Periodic Autoregressive Model 

𝑍𝑡 stocastic process; 

𝜇𝑚  seasonal average of time period m; 

𝜎𝑚  seasonal standard deviation of the time period m; 

𝛷𝑚 𝐵  autoregressive operator of pm order; 

pm é a autoregressive order of the period m; 

at é serial time noise,  independent, zero average and variance = 𝜎𝑎
2(𝑚). 

Source: MACEIRA et al., 1999b 
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Hydraulic coupling between REEs Alto São Francisco and Northeast, and between REEs Paraná and Itaipu 
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Newave: Reservatórios Equivalentes de Energia 

1: Sudeste 

2: Sul 

3: Nordeste 

4: Norte 
Reservatório 
Equivalente Nome Submercado 

1 Sudeste 1: Sudeste 

5 Itaipu 1: Sudeste 

6 Madeira 1: Sudeste 

7 Teles Pires 1: Sudeste 

10 Paraná 1: Sudeste 

2 Sul 2: Sul 

3 Nordeste 3: Nordeste 

4 Norte 4: Norte 

8 Belo Monte 4: Norte 
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BRAZIL – NATURAL ENERGY INFLOW, TWh 

 

Elaborado por Alcantaro Lemes Rodrigues. Fonte de Dados: ONS, 2015 
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Brazil – Afluentg Natural Energy – Boxplot 

Boxplot - 1931 a 2014 – MWMÉDIOS  
Author: Alcantaro Lemes Rodrigues. Datasource: ONS, 2014  
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VARIABILIDADE DA GERAÇÃO NO NORDESTE 

▪ A variabilidade da velocidade do vento causa diferenças na 
geração eólica diária, com variações de 1500 MWm para 
4500 MWm de um dia para o outro, em outubro de 2016, 
por exemplo.  
 

▪ A variabilidade da velocidade do vento causa diferenças na 
geração eólica diária, com variações de 1500 MWm para 
4500 MWm de um dia para o outro, em outubro de 2016, 
por exemplo. 
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Water Storage - National Interconnected System 

Source: ONS e CCEE(2018)  
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PERGUNTAS 

▪ QUANTO DE FONTES INTERMITENTES (GERAÇÃO VARIÁVEL) PODEMOS 
ADICIONAR, UTILIZANDO AS FONTES DE FLEXIBILIDADE ATUAIS? 

▪ QUE NOVAS FONTES (ALTERNATIVAS DE FLEXIBILIDADE SERÃO 
ADEQUADAS, TÉCNICA E ECONOMICAMENTE, NO CONTEXTO DO 
SISTEMA INTERLIGADO BRASILEIRO? 

▪ QUAIS AS ALTERAÇÕES NECESSÁRIAS NOS CRITÉRIOS DE OPERAÇÃO E 
DESPACHO? 

▪ QUAL O MODELO ECONÔMICO, REGULATÓRIO, E DE REMUNERAÇÃO 
PARA AS FORMAS DE ARMAZENAMENTO REQUERIDOS? 

▪ QUE O PAPEL DEVEM TER TECNOLOGIAS DE ARMAZENAMENTO 
MODERNAS, TAIS COMO ELETROQUÍMICO E HIDROGÊNIO, NO 
CONTEXTO BRASILEIRO? 
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Obrigado 
 

 
THANK YOU 

 
OBRIGADO! 
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