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Update on Brazilian Electric Interconnections

1 – INTRODUCTION

▪ South America Informative Data

• Number of countries: 12

• Population: about 423 millions inhabitants

• Area: 17.740.000 km2

• Gross Domestic Product (GDP per capta): U$/inhab = 14.687

• Domestic Energy Supply (DES): about 590 million toe (Mtoe) equivalent to 

4.3% of world

Slide  02/27 Fórum das Nações                      May, 22th 2019 



Update on Brazilian Electric Interconnections
2 – ABOUT SOUTH AMERICA ENERGY MATRIX
▪ Installed  Capacity

CO2 Emission per Country

• Total generation power capacity in South America:

1.135 TWH

• Argentina 53% natural gás, Bolivia 66%, Peru 44%

• Brazil 69% hydro, Colombia 66%, Paraguay 100%, Peru

49%, Uruguay 52%, Venezuela 64%

• Chile 42% coal

• Ecuador: 49% oil, Guiana 95%, Uruguay 37%

• Great presence of renewable sources in the energy

Matrix. CO2 energy emissions in South America in

terms of CO2 /toe of energy is about 1.89 against 2.4

in the world
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Update on Brazilian Electric Interconnections

2 – ABOUT SOUTH AMERICA ENERGY MATRIX

• Energy Resources and Reserves

Latin America Energy Matrix

Oil reserves in South America represent 19.5% of the world 

Venezuela accounts for 91% of the regions reserves

Oil and natural gas to export : Venezuela, Peru, Argentina, Bolivia

Carvão = Coal

Petróleo - Oil
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Update on Brazilian Electric Interconnections

2 – ABOUT SOUTH AMERICA ENERGY MATRIX

▪ Energy Resources  and Reserves

Hydroelectric potential of South America: 2,842 TWh,

26% in operation, equivalent to 18% of the world’s

Hydroelectric  energy: Brazil, Peru, Venezuela

Coal: Colombia

Uranium: Brazil, Argentina

Renewables wind & solar: Chile, Peru, Brazil, Argentina
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▪ Main characteristics:

• A complete energy matrix

• Well diversified and distributed

• Strong existence of renewables

▪ Conclusions:

• A  complementary energy matrix: abundant and distributed resources

• Great potential for energy exchange in the Region: mutual benefit for all

• Key issue for region development       
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3 – SOUTH AMERICA INTERCONNECTIONS

3.1 Oil & Gas Interconnections
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• 22 projects

• 18  In operationSource: M.M.E.
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3 – SOUTH AMERICA INTERCONNECTIONS

3.2 – Binational Hydropower Plants
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Itaipu

Yacyretá
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3 – SOUTH AMERICA INTERCONNECTIONS
3.3 - Transmission Lines Interconnections
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• 26 projects

• 19  In operation

Source: M.M.E.
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4 – BRAZILIAN EXISTING ELECTRIC INTERCONNECTIONS

Transmission Lines

Argentina & Brazil
• OHL 132 kV Uruguaiana / P. de los Libres: 50 MW (16.5kms)

• 2 x OHL 525 kV Rinco Sta Maria / Itá: 2100 MW (380 kms)

Uruguay & Brazil
• Riviera / S.Livramento Back-to-back SE: 70 MW

• OHL 525 kV Melo / Candiota: 500 MW (125 kms)

Paraguay & Brazil
• Itaipu Project (detailed later)

Venezuela & Brazil
• OHL 230 kV Sta Elena Uairén / Boa Vista: 200 MW (= 200 kms)
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Update on Brazilian Electric Interconnections

5 – BRAZILIAN “SUPER GRIDS”
5.1 – The Concept of Super Grids 

▪ Here defined as an “important” or “strategic” or “large scale” electric interconnection”

In this context could be:

▪ Very Long Distance Lines ≥ 1000 kms? HVDC?

▪ Ultra High Voltage OHL  ≥ 500 kV?

▪ Big Power Carrying Capacity OHL ≥ 1000 MW?

▪ “Vital” Interconnections OHL: any voltage?

▪ Some “Super Grid” Challenges:

• Low cost interconnections over large distances

• Connecting asynchronous grid

• Connecting remote energy resources and loads

• Accommodating renewable electricity

• Reliability / Unavailability
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2 x 500 kV Tucuruí / 

Manaus
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5 – BRAZILIAN “SUPER GRIDS”

▪ North & South Interconnections: 2 x 500 kV AC North / 
South (≅ 1200 kms)

▪ 2 x Teles Pires River 500 kV AC Transmission System    
(≅ 1900 kms)

▪ Tucuruí/Manaus 500 kV AC double circuit (≅ 1800 kms)

▪ Itaipu Transmission System (≅ 1000 kms)

▪ Madeira River UHVDC Transmission System (≅ 2400 
kms)

▪ Belo Monte UHVDC Transmission System (≅ 2100 kms)
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5 – BRAZILIAN “SUPER GRIDS”

▪ Itaipu UHV Transmission System
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5 – BRAZILIAN “SUPER GRIDS”

▪ Itaipu UHV Transmission System: Main Characteristics

▪ 3 x 765 AC Foz de Iguaçu / T. Preto 

Transmission Lines ≅ 950 kms

▪ 2 x +/- 600 kV DC Foz de Iguaçu / Ibiúna

Bipoles ≅ 800 kms

TL +/- 600 kV – Foz de 

Iguaçu – Ibiúna
TL 765 kV – Foz de Iguaçu –

Tijuco Preto

Conductors:
▪ 765 kV AC Lines: 4 x ACSR Bluejay ( 1113 

MCM)

▪ +/- 600 kV DC Lines: 4 x ACSR Bittern ( 1272 

MCM)

Suspension Towers
▪ 765 kV AC Lines: V Guyed type

▪ +/- 600 kV DC Lines: Lattice monomastil guyed 

type
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5 – BRAZILIAN “SUPER GRIDS”

▪ Itaipu Transmission System: Substations

In operation since October 1985
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5 – BRAZILIAN “SUPER GRIDS”

▪ Madeira River UHVDC Transmission System
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5 – BRAZILIAN “SUPER GRIDS”

▪ Madeira River UHVDC Transmission System: Main Characteristics

▪ 2 +/- 600 kV Porto Velho / Araraquara DC 
Bipoles (= aprox. 2400 kms)

▪ Conductors: 4 x AAC 2282.8 MCM conductors

▪ Suspension towers: Lattice monomastil guyed 
type 
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5 – BRAZILIAN “SUPER GRIDS”

▪ Madeira River UHVDC Transmission System – Bipole 2: Substations
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In operation since November 2013

Porto Velho Substation Araraquara 2 Substation
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5 – BRAZILIAN “SUPER GRIDS”

▪ Belo Monte UHVDC Transmission System
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5 – BRAZILIAN “SUPER GRIDS”

▪ Belo Monte UHVDC Transmission System: Main Characteristics

▪ +/- 800 kV DC Xingu / Estreito DC – Bipole 1

▪ +/- 800 kV DC Xingu / N. Iguaçu – Bipole 2

▪ Conductors: 6 x AAC 1590 MCM “Coreopsis” 

conductors

▪ Suspension Tower: Lattice Monomastil

Guyed Type
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5 – BRAZILIAN “SUPER GRIDS”

▪ Belo Monte UHVDC Transmission System – Bipole 1: Substations
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Xingu Substation Estreito Substation

In operation since November 2017
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5 – BRAZILIAN “SUPER GRIDS”

New important UHVDC projects are coming…
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6 – FUTURE INTERCONNECTIONS

Difficulties/Obstacles

▪ Environmental/land aspects:  Environmental issues, land use (“Rain Forest”, 

natural reserves, Indigenous)

▪ Technical issues: Different frequencies, connecting asynchronous grids, etc

▪ Rules: Political discussions, market prices, local demands

▪ Financial resources: Own capital? Private/public partnerships? Project 

finance? Guarantees?

▪ Existing of grids: Pipe lines, transmission lines
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6 – FUTURE INTERCONNECTIONS
6.1 – Future Important Regional Projects

+/- 500 kV DC OHL’s: ≅ 2000 kms?

(Probably)

Patagonia Wind

Generation ≅ 5000 MW?

Atacama Solar & Wind

Generation ≅ 3000 MW?

+/- 600 kV DC OHL’s: 

≅ 1500 kms?
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Argentina
Chile
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6 – FUTURE INTERCONNECTIONS
6.1 – Future Important Regional Projects

SIEPAC – Central America Interconnection: Guatemala, El Salvador,
Honduras, Nicarágua, Costa Rica, Panamá

▪ Guatemala / Mexico Interconnection: 400 kV 

OHL ≅ 103 km

▪ Panama / Colombia: +/- 500 kV HVDC 

Panama II / Cerromatoso Interconnection?

Future
SIEPAC 230 kV Line

300 MW of Capacity 

(in operation)

600 MW future 

capacity

Total extension: 

1790 Km
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6 – FUTURE INTERCONNECTIONS
6.1 – Future Important Regional Projects

SINEA – Andean Interconnections Colombia, Ecuador, Peru, Bolivia, Chile
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▪ Declaración de Lima: 2014

▪ Marco Regulatorio en preparación

▪ Creado “Consejo de Ministros del SINEA”: 

29 y 30 Abril 2019
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6 – FUTURE INTERCONNECTIONS

6.2 – Future Brazilian International Interconnection:

Latin America Interconnections

• Reinforcement existing Argentina & 

Brazil (existing or new ones)

• Reinforcement existing Venezuela & 

Brazil (500 kV Manaus/Boa Vista in 

construction)

• Brazil & Paraguay & Argentina “Super 

Grid”: In study

• Peru & Brazil: In study

• Colombia & Brazil: To be 

studied/planned

• Bolivia & Brazil: To be studied/planned
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