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o About Gesel:

GESEL/UFRJ is the Study Group on the Electric Energy Sector
(GESEL) of the Economy Institute of the Rio de Janeiro Federal
University (UFRJ) was set up in 1997 with a view to promoting a
greater understanding of electric energy issues in Brazil as well
as overseas.
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o Introduction

The purpose of this paper iIs to discuss the
regulatory complexity of the energy transmission
sector process of innovation, considering that the
Brazilian Electric Sector.
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summary
o Section 1 — Brazilian electric sector overview.

o Section 2 — Brazil - Special characteristics of the
network.

o Section 3 - Advantages of implementation of
technological innovation.

0 Section 4 - Regulatory situation in Brazil.

o Section 5 - Regulatory innovation to stimulate the
use of new Technologies.
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o The Expansion Forecast of the Brazilian Transmission

Network
2 The Basic Brazilian Transmission
System is composed of voltage
lines in the range of 230kV up to
750k V.
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Forecast Growth for 10 years — 2014-2024

Transmission Lines

N . Investment 20 billion dollars

S . 1506/800 KV, 66%6/500 KV, 16%/230 KV, 1% 440
KV e 2%/345 kV.

 Substations

 Investment 8 billion dollars

 17%/800 kV, 1%/750 kV, 4%/500 kV, 7%/440
> kV, 5%/345 kV, 27%/230 kV.

‘“”' The data presented forecast a growth of
60% in the overall line extension and
transformation capacity.
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Brazilian Electric Sector — Current and Future Characteristics

Large Hydro
Power Plants
HPPs

* Located in the North Region: mainly the power plants
of the Tapajds, Madeira and Teles Pires Rivers, HPP
Belo Monte.

Re N ewab I e * Integration of 558 renewable energy projects, mainly
wind farms, with an installed capacity of 14.000 MW.

E ne rgy » The great majority of the power plants are located in
1 the Northeast and South region of Brazil.
Projects :

B raZi I ian « Integration of the Brazilian subsystems to take

advantage of energy complementarities between the
SUbSyStemS Brazilian regions.
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Technical and geographical characteristics increase complexity:

The tropical climate The variability of high
constraints (high energy blocks flow
temperatures, high during the year,
humidity and high stressing the regional
level lightning activity). Interconnections.

Generation far from
the load center /
consumer
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New Technology Opportunity

4 N

Generators and
Substations: ")
« Protective Relays m 4 N
« Circuit Breakers Control Center
- Transformers
+ SCADA Remote Terminal Units 4 A
- Surge Arresters Energy Management
. Phase Shifters Ststem Functions:
+ Flexible AC Transmission - State Estimation

Systems + Economic Dispatch
- Phasor Measurement Units E g « Unit Commitment
- Sensors == « Contingency Analysis
Lines and Cables: « Automatic Generator

. . Control
« Extra-high-voltage AC Lines
- Phase

+ High-voltage DC Lines Monitoring/Alarms

. Suplerconductlhg‘Llnes . Improved System
+ Fault Current Limiters Models

« Dynamic Line Rating Systems . Oscillation Detection

“ \ J

Note: Existing technologies and functions are listed in black; new and emerging elements are shown in red.
SCADA = Supervisory control and data acquisition.
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New Technology Opportunity — PMU Case

e Improves the models simulating the behavior

Supports operators to supervise and
coordinate the active reliably knowing
operating limits and analyzing in real time,
thus avoiding errors and blackouts.

4 Measures defining characteristics of voltages
- o and currents at key substations, generators,
= and load centers, such as cities.
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Regulatory innovation to stimulate the use of new Technologies

In Brazil We have a conflit because the goals of
transmission auctions are low prices (reverse
auctions), so the projects don’t have incentive
to use a new technologies

The key question is: How economic regulation
~¥_— can provide adequate and consistent economic
"‘)‘r{'\ signals for agents to invest in automation and

technological innovations?

g ,@‘3 The solution is to create a regulatory innovation
Ty, to stimulate the use of new technologies and

.
% demonstrate the systemic gains.
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Regulatory innovation to stimulate the use of new Technologies

\ Some authors and
regulatory agencies such as
the UK Ofgem, show that
the traditional tariff

The key question
IS: How economic
regulation can
provide adequate imperfect economic signal

- for transmission agents
and consistent with negative effects on the

The objective of
regulatory
Innovation:

regulation can send an

Converging the
social and economic

economic signals. y quality and security of th point of view.

electrical system
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The Regulatory Framework for Innovation — UK Ofgem Case

.l L

= UK Ofgem (Office of Gas and Electricity Markets) that is developing
a new regulatory framework focusing what they termed RIIO
- ' . "~ (Revenue = Incentives + Innovation + Outputs- Products).

( The starting point is the recognition that over the next decade the

~~ 7Y transmission companies will face an unprecedented challenge of
b & & S securing significant investment to maintain a reliable and secure
| &f) network, and dealing with the changes in demand and generation that
will occur due to a low carbon future.

\ | / Put stakeholders at the heart of their decision-making process;
Invest efficiently to ensure continued safe and reliable services;

g
f Innovate to reduce network costs for current and future consumers;
/ é N Play a full role in delivering a low carbon economy and wider

environmental objectives

~N
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Regulatory innovation to encourage the use of new Technologies - RI1O: A new approach to Network
Regulation — Case - UK - Ofgem

 Constraint set up front to ensure:

 Timely and efficient delivery
eve n u e » Network companies are financeable
« Transparency and predictability
« Balance between costs faced by current and future consumers

« Deliver outputs efficiently over time with:

Incentive S
» Rewards/penalties for delivery

« Upfront efficiency rate

 Technical and commercial innovation encouraged
through:

Innovation EERam—"

+Option to give third parties a greater role in delivery
« Innovation stimulus package

O ut u tS « Outputs set out in clear ‘compact’, reflecting
p expectations of current and future consumers
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The GESEL R&D Project Proposal

GTD Regulation and Simulation of the
e e T Regulatory proposals and its

Assessment in Impacts of the new Proposals for financial and
selected countries

technology in the promoting entrepreneurial
Brazilian innovation in the impacts for the
GTD Regulation and L"at”?mfsmn ?ramhar_w . existing assets
Market structure BN ransmission and for the future

. . vste iss;|
Assessment in Brazil System transmission
systems

International

Technology Push
and Market Regulatory

Innovation Demand
for the Transmission
System

The Brazilian
generation and
transmission
expansion Plans

New technology
Diffusion Impacts in
the Brazilian
Transmission Sector

proposal to drive
innovation in the
Brazilian
Transmission
System

EEIC 2016 Lisboa Portugal
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Regulatory innovation to encourage the use of new Technologies

7 What is the key to the solution of this equation?

Control of tariff x technological innovation
(proven innovation, which meets defined criteria)

/ : :
By -~ One possible answer Is to create a regulatory
/L, Innovation that stakeholders are encouraged to look
! ( at the changes that we currently live

_front of the new scenario: low carbon, improved
' reliability and system security.

N
l \ We need to think of stimulating new investments
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