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God is Brazilian ...

When Brazil does not have enough raining in the southeast
the northeast has a lot wind ...

Seasonal generation patterns
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The robust interconnected system of overhead transmission lines is the key of
economic and social grow in development country like Brazil ...



Largest Integrated Utility in Brazil
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A situation of the state of the art and the innovations of the
overhead electric power lines, in Brazil.
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Part | - Main Milestones of Brazilian OHTL since 1960
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1969 Southeast: First OHTL 440 kV Jupia — Bauru

1980 South: Urban Compact OHTL of 69 e 138 kV

1984: Itaipu Power Hydro - OHTL 500 kV AC - 60 Hz and =
OHTL £600 kV DC (50 Hz to Paraguay); = )
2001: Itaipu Power Hydro Third circuit of OHTL 765 kV AC e

1981 North-Northeast: Interconnection of North-
Northeast, 1,500 km of OHTL 500 kV

1999 North-South: Interconnection of OHTL 500 kV

2009 North: Interconnection of Amazon Forest Circuit
1,000 km 230 kV

2017 North-Southeast: Rio Madeira Power Hydro £600
kV DC 2,400 km

2017 North-Southeast: First UHVDC of Latin American
+800 kV from Belo Monte Power Hydro to southeast
2,090 km

2017 Southeast: First trial 138 kV Synergic OHTL 1 km




Overview on Brazilian OHTL network since 1960

EVOLUGAO DA TRANSMISSAO




Electric Energy Brazil in big numbers

e|nstalled generation capacity: 150 GW, 65% hydro
eHV transmission system length: 130,000 km
e Average annual load growth rates:

e 2004-2010: +4.3%;

e 2010-2016: +1.9%
ePrivate participation in G, T, D and trading
e|nvestment market:
eGeneration: wholesale energy market in place +
auctions of long-term (20+ years) energy contracts for
new capacity
eTransmission: central planning + auctions for 30-
year concessions of new transmission facilities
e|nstitutions in place & regulatory framework:
independent (and federal-level) regulator & ISO &
market operator; current framework established in
2004
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Brazilian Energy Infrastructure (Agency, Operator, Trader, R&D Center)

€D

eAneel “Regulator” is a governmental
company supporting the Ministry of Mines and

ANEEL Energy in its policy decisions, via regulation
AGENCIA NACIONAL DE .
ENERGIA ELETRICA studies for the energy sector

*EPE “Planning” is a governmental company

ep = supporting the Ministry of Mines and Energy in
its policy decisions, via planning studies for the
energy sector

Empresa de Pesquisa Energética

r *ONS - The National Electric System Operator
ONS Y o YR e
| o is a private non-profit Brazilian entity that is
Operador Nacional responsible for the operation

do Sistema Elétrico

e CCEE is a non-profit civil association
maintained by the group of agents that
operate in the electric energy purchase and
sale market.

Camara de Comercializagao
de Energia 3

Energia Elétrica

Source:
http://www.aneel.gov.br http://www.epe.gov.br/en http://www.ons.org.br http://www.ccee.org.br



http://www.aneel.gov.br/
http://www.epe.gov.br/en
http://www.ons.org.br/

Brazilian Energy Infrastructure (Agency, Operator, Trader, R&D Center)

- Eletrobras
Cepel

USP // UNICAMP // UFSC // UFR) //
UFRGS // UFPE // UNESP // Mackenzie
// FEl // UFMG // etc.




Part Il - A look into the future of OHTL

Integration of Power and OHTL network

Brazil’s hydro reservoirs and the countrywide
transmission grid are used to modulate the seasonal
production of biomass and the fluctuations of wind
power and solar; the system reservoirs are used as
“energy warehouses” that may “store” wind, sun and
sugarcane.

Brazil, a continental extension country, has a large and
robust interconnected system of overhead transmission
lines (230 to 765 kVac and 600 to 800 kVdc) and
subtransmission (69 to 138 kV). The OHTL network will
continue to grow steadily.

The “energy warehouses” of hydropower
plants are essential for the economic feasibility

of renewable energy sources in Brazil




Integration of Power and OHTL AC network
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state of the art

TRANSPORTATION OF 5.000 MW AT 500 KV

1. Conventional Transmission Lines with SIL=1.000 MW

@ , Scircuits- ROW Width =220m
Efficiency Ratio = 22,7 MW/m?

2. Compact Transmission Lines with SIL=1.250 MW
4 circuits - ROW Width = 180 m
@— Efficiency Ratio=27,8 MW/m* (+22%)

3. HSIL Transmission Lines with SIL = 1.670 MW

@ 3 circuits - ROW Width =140 m
Efficiency Ratio=35,7 MW/m* (+57%)

ir 1

500 kV FEXCOM HSIL 1.6 GW 953 km



Integrati fP d OHTL AC network
ntegration of Power an networ situation of the

state of the art

Horizonte 2017

Source: ONS
(2017)
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Amazon OHTL in Operation with Preserved
Right-of-Way



Integration of Power and OHTL DC network _ ]
situation of the

state of the art

A Horizonte 2017
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The Ten-Year Expansion Plan (PDE 2026)
An indicative outlook for the future of the energy matrix of Brazil

AT § G T

PLANO DECENAL DE EXPANSAO DE ENERGIA *PDE 2026 offers an indicative outlook
expansion of the energy industry in Brazil from
the perspective of the Government.

eBased on an integrated view of the various
energy sources, PDE 2026 serves as support for
planning the energy sector over a 10-year
horizon.

eThe final objective is to provide a market with
better information to support investors
investment decisions.

Source: http://www.epe.gov.br/en



The Ten-Year Expansion Plan (PDE 2026)
An indicative outlook for the future of the energy matrix of Brazil

The market space for new investments

o GDP Growth
§ §° I I I Year [%/al
U = Ref High
e 8 —
"E" © 2017| 0.5% 79
= g - New capacity needs in the 10-year horizon to cover total load growth | 2018 1.8% | 2.8%
= [~10,000 - 15,000 average MW] 2019 2.1% | 3.1%
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The Brazil OHTL network will continue to grow steadily
1to 1,5 GW a year average of new OHTL capacity.

Source: http://www.epe.gov.br/en



Part Ill - A list of scenarios of innovations in OHTL

Sol #1: Four main resources of modern society

Sol #2: Acceptance

Sol #3: Safety Operation e Food #1
Sol #4: Digital New Young Generation ° HZO

* Energy

* Internet

#2: Acceptance #3: Safety Operation #4:Digital New Young

Generation
Sol — scenarios of innovations



Part Il - A list of scenarios of innovations in OHTL

Key words for the future are:

#1 new materials

#2 automation

#3 infrastructure sharing

#4 smartgrid

#5 operational efficiency

#6 decentralized management
#7 training of labor



Key words for the future: #1 new materials
metallic vs non metallic materials

#1 Carbon
#2 Steel
#3 Aluminum

#4 Polymer
EXPERIENCE

WITH THE MECHANICAL PERFORMANCE 1
OF NON-CONVENTIONAL CONDUCTORS #5 Ce ramic

695

WORKING GROUP
B2.48

AUGUST 2017

CIGRE TB 244 and 426: HTLS

conductors and testing HTLS — High Temperature and
B2.WG.55:

Conductors for the Uprating of Low Sag Conductors
Existing Overhead Lines

Source: CIGRE TB 695



Key words for the future: #1 new materials
no metallic materials core fiber “glass or carbon”

Existing OHTL:
ACSR

Replace ACSR by HTLS is
winning!

(save structures in reconductoring)

B2.xWG-2:
USE OF HTLS IN NEW LINE DESIGNS

ACSR vs HTLS

/ HTLS

~

Large Cross Sectional Area

Non — Magnetic Core

Light Weight

Low Creep

Low Thermal Expansion

Anti-Corrosion

"

/

NEW OHTL:
ACSR or HTLS ?

HTLS ‘High Capex’ is
the trouble!



Key words for the future: #1 new materials
coating material

B2.WG.69 will involve the study of:

B2.WG.69: Coatings for
Power Network
Equipment

©Q 0T

Cooling surface: conductors and
fittings

Canal 3 Canal 1

Canal 2

Source: Cemig / UFMG PeD-D309

Anti-noise: conductors and fittings

Anti-pollution: insulators

Anti-icing : conductors and ground wires, insulators
Anti-corrosion: metallic structures

Camouflage: overhead line overall appearance
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Key words for the future: #1 new materials
polymer material

Steel vs FRP
or
Steel plus FRP

B2-WG.61:
Transmission Line
Structures with Fiber
Reinforced Polymer
(FRP) Composites




Key words for the future: #2 automation - Robots

73

THE USE OF ROBOTICS IN ASSESSMENT AND
MAINTENANCE OF OVERHEAD LINES

WORKING GROUP
B2.52

We have to consider Robot in all
new OHTL:

# Plan

# Design

# Construction

# Operation

# Maintenance

JUNE 2018

Source: CIGRE TB 731




#3 INFRASTRUCTURE SHARING through the Synergic OHTL Networks

I — E——

What does Synergic Overhead Transmission Line mean?

OPPC
A Brazil - UniverCemig — 2016
CIGRE Pal’.IS 2014 Project R&D Aneel/Cemig D520
Meeting R——

118300, 42016.1208) i y i‘;{i&‘.
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e
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Source: CIGRE Paris 2018 B2-101 23



#3 INFRASTRUCTURE SHARING through the Synergic OHTL Networks
e

Source: CIGRE Paris 2018 SR-B2-2.3
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In this concept, how would the OHTL engineering be to work in future?

You have to think in it!
24



#3 INFRASTRUCTURE SHARING through the Synergic OHTL Networks
B

Source: CIGRE Paris 2018 2018 SR-B2-2.3

Preliminar Secondar
Structures Parts . y . y
Function Function

internet (internal or external networks)

: i.
ground wires — OPGW . :)erf;ii:qand i. loT

ii. redundancy of fil - e IVEER) &0

' Telecom i iv. point and distributed optical sensing of
phase conductor — OPPC e (strain, temperature and vibration)

i smarterid v. physical integrity (B2-101)

| el & vi. video monitoring
bundle of phase conductors ‘e ecom vii. fire detection
— OPPC infrastructure ,
: . viii. phase swing
iv. sensing :

ix. power over fiber — PoF

i. physical integrity (B2-101)

ii. point and distributed optical sensing of
insulator electrical&optical I8 [sT (strain, temperature and vibration)

iii. electrical noise

iv. free space optics — FSO

. : . i. hysical integrity (strain, temperature,
tower and foundation i. sensing E«Zvement agnd zit)ration) P

25



#3 INFRASTRUCTURE SHARING through the Synergic OHTL Networks

I s

1. Synergic OHTL Network - Overview

#1: In other words, this means the sum of efforts towards the same purpose
(Operational Efficiency).

#2: In the specific case, it will be the use of the same physical device (the

synergic cable/conductor) for electric transmission and broadband data
communications.

#3: This concept will migrate from high voltage transmission lines to
distribution networks (Asset of Management), accessing the final consumers
with electricity and telecommunication in fiber optical services.

#4: This new concept has emerged the concomitant association of several
devices performing certain functions that contribute to a coordinated action
(Smart Grid).

26



Key words for the future: #4 SMARTGRID

Will OHTL Smart Grid be Only Optical? YES!

Optical Networks: Wireless Networks:

* Broadband * Narrow Band of Data

* Passive * Non-passive

* Immune Interferences EMF * Generate Environmental Noises
* They do not generate noise * Does notimmune to EMF

* Multiband * Requires Environmental Licenses

* High latency
* No physical barriers cyber
attacks

* Low latency
* Has Physical Barriers cyber
attacks

27



Key words for the future: #4 SMARTGRID

e

Convergence optical smart grid and industry 4.0

In the "last mile" > optical fiber “FO” (we are sure about it!)

In the "last inch" =2 Fixed devices - FO network cable
Mobile devices — Wireless network

Only two devices walk in the power sector:
electrician and electrician’s work vehicle!

28



Key words for the future: #5 operational efficiency

Optical system for broadband data transmission concomitant to monitoring the
physical integrity of conductors in overhead transmission lines

OPGW

CWDM
terminal

Substation

Fiberembedded insulator

N~
__— ¥

Cable connecting
OPGWto OPPC

N
N
X

OPPC - sensorcable "IV:‘V
X

=L

7

OPGW splice box

\Critical span in 50 km\

—Cable broken
—Transceiver LOS

—Total delay

Voltage (V)
w

b bk et g presudl s Sl
0,000 0,005 0,010 0,015
Time (s)

Source: CIGRE Paris 2018 B2-101

Do not recloser OHTL under
situations like these!

This is operational efficiency




Key words for the future: #6 decentralized management

Could aging of OHTL be runner in decentralized management?

A blockchain is a decentralized, distributed and public digital ledger ........ Could aging of OHTL be a BC?
used to record transactions across many places ..............ccooiiiiiiinn.. Calculate aging of OHTL
record cannot be altered retroactively without consensus of the network... Validate aging of OHTL

This allows the participants to verify and audit transactions.................... Is aging of OHTL true?

A blockchain database is a distributed timestamping server................... Management of aging of OHTL.



Key words for the future: #7 training of labor

Sol #1: Four main resources of modern society

Sol #2: Acceptance

o —
(\Oq’b Sol #3: Safety Operation e Al
o ) * Analytics
\O° Sol #4: Digital New Young Generation — )
o0 * Bigdata
L  |oT
human of innovations drivers

key words for the future

<

#1 new materials

#2 automation

#3 infrastructure

v How will engineering OHTL
Hhsmarterie N ve in its matrix training of

#5 operational

efficiency | a bo r? /

#6 decentralized
management



Part IV - The next generation of OHTL — Suggestion for R&D

L

» disruptive technology point of view - Robotics

tendency: We are developing the robotics for OHTL
based on the assets in operation!

Source: CIGRE B2
TB 731

disruptive: We have to develop new design for OHTL
based on robotics for OHTL!

Source: CIGRE B2.WG.52 TB 731 39



Part IV - The next generation of OHTL — Suggestion for R&D

1

e disruptive technology point of view — New Conductors (OPPC+HTLS)

tendency: We are developing the new conductors for OHTL
based on the OHTL in operation!

OPPC - Optical Phase
Conductor

HTLS — High Temperature and
Low Sag Conductors

disruptive: We have to develop new conductor for OHTL
based on digital industry!

33



Part IV - The next generation of OHTL — Suggestion for R&D

N

* disruptive technology point of view - new design for OHTL

disruptive:

We have to develop new design for OHTL based on
‘key words for the future!’

#1 new materials; #2 automation; #3 infrastructure sharing; #4 smartgrid;
#5 operational efficiency; #6 decentralized management and #7 training of labor

34



Part IV - The new generation of OHTL — Suggestion for R&D

* disruptive technology point of view — New Generation of OHTL

tendency: We are developing the new design for OHTL
based on traditional design of OHTL!

Conductors are supported
by steel cables not by
towers.

Insulated OHTL ?
Superconducting OHTL ?

disruptive: do we have to develop new design for OHTL
based on what?

Source: H.C. Coelho CIGRE BRA B2 35



Part IV - The new generation of OHTL — Suggestion for R&D

\

* disruptive technology point of view — Synergic OHTL

tendency: We are developing the new design for OHTL
not based on digital industry 4.0!

* Food
‘ * H,0O
Data Center 12 GW i V /{; * Energy
2000 kim AOW Vi 2 * Internet

Does it make sense for

Hypotetical
Synergic OHTL >

1000 FOs Energy and Digital NYG Data Center

disruptive: We have to construct Synergic OHTL
based on digital industry 4.0!

Source: Cemig
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4.1 L, A situation of the state of the art and the innovations of
the overhead electric power lines, in Brazil.

Part V - Conclusions

Brazil interconnected system of OHTL will continue to grow steadily in the coming decades
(1to 1.5 GW of new OHTL capacity a year);

Technological innovations are required for an increasingly interconnected and aging system
of OHTL;

Untraditional OHTL projects = with a strong presence of intermittent renewable generation
and restrictions imposed by a society;

Scenarios of Innovations = 4_main_resources (food, H,0, Energy and Internet); Acceptance,
Safety Operation and Digital New Young Generation;

Key words for the future = new materials, automation; infrastructure sharing; smartgrid;
operational efficiency; decentralized management and training of labor;

Next generations of OHTL = disruptive view = Synergic OHTL.



| / Thanks for your attention!
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