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About EPE - Energy Research Office

Federal Office linked to the Ministry of
Mines and Energy

We develop energy studies and statistics to
e p e support formulation, implementation and

evaluation of energy policies

Member of the National Council for Energy

www.epe.gov.br Policy (CNPE)
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About EPE - Energy Research Office

Role of EPE

Guidelines stated by the o .
Ministry of Mines and Energy * Technical branch of MME, providing timely

studies and reports

* Provides unbiased technical, economical and
Predictability environmental evidence tO0 support decision

making and public engagement

- Contributes to the consistency, transparency

Legal and and Cl‘edlblllty of actions by MME
Governance Regulatory
Stability * Reduces asymmetry of information in
the Market
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P Brazil in big numbers:
"""" . Insights for strategic positioning
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Brazil’s economy and markets has scale

r,/ | @ million people

~

5th largest population

in the world /

GDP of almost \
? $2 trillion

8th largest economy

Brazil is the largest economy _ ntheword J
in Latin America

o
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Brazil is rich in energy resources

Pre-salt has boosted oil and gas
R reserves and Brazil is on track to

: K become one of top producers

J

/
Huge and high quality onshore

windpower potential and yet
untapped offshore wind

b

\_ J
~

Uranium reserves enough to
supply at least 10 additional
OC | GW Nuclear Power Plants

J

4 N

4th largest agricultural production
in the world represents imense
bioenergy potential

e
o J
4 o N

Excellent irradiation covers the N
territory and best PV sites alone
would exceed electricity demand '

N J

4 , )
World’s 2nd largest hydropower
producer. Pumped storage
potential is huge as well

_ Y,
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Emerging economy demanding infrastructure investments

ll Growing energy investments (Electricity, Oil and Gas)

Increasing private participation '

Developing more diverse financing solutions
& O

Cheap renewables driving need for transmission, %
natural gas and storage

Robust energy sector/market and Institutions (MME,
ANEEL,ANP, EPE, CCEE, ONS, etc.)
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e Brazil in big numbers:
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Brazil is a leading country when it comes to renewables

Brasil (2018)

Brasil (2017)

Sugarcane Biomass Hydraulic?
17,4% 12,6%

Mundo (2016)

OCDE (2016)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B Renovaveis N&o renovaveis

Source: EPE (Brazilian Energy Balance 2019)

Firewood and Charcoal Black Liquor and
8,4% other renewables
6,9%
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Electricity supply in 2018

i : Derivados de Carvao e
= H 1
as Natura Petréleo - Oil Derivados’ -
Natural Gas >.49 Nuclear Coal
4%
8.6% 2.5% 3.2%
Solar - PV
0.5%
Eélica - Wind
7.6%
Biomassa3 -
Biomass Hidraulica?-
8.5% Hydraulic

66.6%

Source: EPE (Brazilian Energy Balance 2019)

In the power sector, hydro is combined with other resources

Installed generation capacity - 2019

~165
GW
Total
110 ~35 6w ~17 6w
GW Thermal PV+Wind
Hydro
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Power Sector in Brazil: Big Numbers

Installed generation capacity: 165 GVV, 66% hYdI"O

HV transmission system Iength:~| 50,000 km

* Average annual load growth rates:
e 2004 — 2010: +4.3%; 2010 — 2016: +1.9%

* Private participation in G,T, D and trading

Investment market;

* Generation: wholesale energy market in place + auctions
of long-term (20+ years) energy contracts for new capacity

* Transmission: central planning + auctions for 30-year
concessions of new transmission facilities

* Institutions in place & regulatory framework: independent (and
federal-level) regulator & ISO & market operator; current
framework established in 2004
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National Grid of continental size

Optimization of resources and untapping flexibility

National -
Integrated .
Gg id \ Sistema de transmissao
ri existente 2017
covering =
99,5%
of electricity
market
\)
= SubestagOes
LTs Existentes /. 500 kV
N/ 230w /" \/ 800 kv
Va1 /\/ 785 kv
440 kv /\/ 800 kv
_ epe
q 1] 250 500 B 1000 -i
km
Sirgas 2000
Fonte IBGE, 2016, EPE, 2017
75" ?‘J'\‘J [ 4 JL W 4 ‘::Tn "W

Islandia

Lisbon| 5.

Saara
Ocidental

Marrocos

Argélia

Fonte: EPE

Suécia

Geodrgia Mar Casp

_Azerbaijao

unisia
Iraque

Libia Egito

Arabia
Meca  Saudita

Source: EPE
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Electricity auctions in Brazil
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Power Generation Expansion by Auctions - Since 2005

Power

@

;‘I_ 42 auctions

N\

Generation

More than US$ 80 billions in investments

—>

95.468 MW

/‘; 0 i i (1)
551 hovier plants 57% of the electical matrix

Derivados de Carvdo _ Solar
Petréleo 3% 4%
5%
27 New Eneray Auction Biomassa
e ergy Auctions oy

9 Reserve Auctions

Gas Natural
15%

3 Alternatives Sources Auctions
3 Structuring/Special Auctions

Hidraulica
47%

Edlica
18%

() Canceled projects not counted.
Source: CCEE (outubro/2019)
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New Energy Auctions Scheme

Registration Realization Homologation of N Signature and
Autorization

e for auction of Auction results and Registration
S L QUALIFICATION participation (Online) Award of Grant Grant PPAs

Auction TECHNICAL

Technical Analysis

Other institutions involved:
Documentary analysis : -

Minas e Energia

Project’s Datasheet

€ ANEEL

AsENcia Nacional DE ENERGN ELETRICA

Technical Qualification CCOE tmnsmemmns

Resource and
Energy
Production

Project and
Registry

Environmental Ownership of Grid Information
license the land Access
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New Energy Auctions Scheme

Lower standards of
requirement:

« Greater competition
« Lower sucess rate
« Lower credibility

Higher standards of
requirement:

« Prize in the price
« Higher sucess rate
« Higher credibility

Projects in the technical Qualification

5,000
4,500
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Auction A-6/2019 - New Record!
More than 100 GW and 1.800 projects in the

Technical Qualification

152,07¢

/

111, 922 108 (}/ 5

98,317 100,405
3 403 L

78, 46

65,430
7 5934 I I I I I

2011

2012 2013 2014 2015 2016 2017 2018 2019
mEOL mPCH wmUHE mUTE UFV
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Reducing asymmetry of information in the Market

2500 PV - CONTRACTED
‘“"’i::::?'m”“ Contracted PV Projects on Regulated Energy Auctions epe
. /5 epe ~za0] . . (sum of installed capacity by city) S -
b
‘ Empross de Pesguiss Ensegitics 3.',‘
E 2200 I [ North and Northeast | N [ Southeast / Center-West ] b
— \
£ 2000 ' : - mT BE L] A
GENERATION EXPANSION E ! BA 210,0 a%4.1 1120
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' I TN S F R R @)
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Report published this week! nag e 7w o

http://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Paginas/Technical-Note-PV-projects-on-Brazilian-Energy-auctions.aspx

Empresa de Pesquisa Energética ((25 ((é\p 8))

Ministério de Minas e Energia



http://www.epe.gov.br/sites-en/publicacoes-dados-abertos/publicacoes/Paginas/Technical-Note-PV-projects-on-Brazilian-Energy-auctions.aspx

Transmission Auctions

Investments in Billions (RS) Source: ANEEL
1999 - 2018

25

m | 1F Alimost US$ 40

) billions of
Investments, since 2005

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Linhas de Transmissdo Licitadas

16.000

14,901

14.000

12.000

90,000 km o

8.000

transmission lines, since

6.000 —

2005 o

4.000 — EX )

8.367

km

7414

. I S o e L A S e I S
Source ANEEL 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Ano
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Transmission Planning Process - Continuous Cycling study process

Planning
Studies

Transm.
studies

10 Year Plan -
Transmission Section

" Long term Transmission Plan (PELP) — beyond
the 6th year, indicative transmission
expansion

1 " Transmission Expansion Program (PET)
— 6 first years, imperative transmission

program

= MME Consolidated Report (POTEE) considering
planning report (PET) and operation report (named
PAR/PEL, by ONS)

* Reference program for transmission auctions

y
Set of technical reports for transmission
auctions (R1+R2+R3+R4+R5)

= Regulatory Agency (ANEEL)
(auctions/authorizations)
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Transmission studies - Motivations
Main study purposes:
- Meeting DISCOS power demand projections
 Connection of future generation sources as per 10-year Plan
 Interconnection of isolated areas and regional integration
- Solving transmission congestions
* Alternative solutions for delays or difficulties in transmission line implementation

e |nternational interconnections

Some remarks:
*  Proactive Transmission Planning and coordination of power generation and transmission expansion
* Social and environmental challenges in transmission planning (mainly in metropolitan areas)

* Flexibility and controlability of Power Systems, regarding more renewables and no more hydro
reservoirs
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g The Ten-Year
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Ten-year Plan for Energy Expansion

—

PLANO DECENAL DE EXPANSAO DE ENERGIA

General assumptions

Energy demand

Utility-scale power generation
Transmission

Oil & Gas Production
Oil Products Supply

Gas Supply
Biofuels Suppl °o®
iofuels l.Jp.py .".‘
Energy Efficiency and DG ° *
Socio-environmental Analysis o INtegrated Transparent
Consolidation ® ®
L BN
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Edlica
17%

Reference Expansion

Installed
Capacity

104.0 Biomassa

Hidrelétricas

2029 9% "
Solar

I + 40% 228 .
4%

39.5
35.7
Térmicas
18%
Eolica
9%
15.8 Bi
15.0 lomassa
12.9 133 _— Installed 8%
i 10.6 : Solar
9.0 Capacity i
6.3 s 47 20 | 9 PE/H
2.1 = 27 %
1.0 2.0 2.1 04
. || - Hidrelétricas
PCH

O,
UHE Edlica Gas Biomassa GD Solar Nuclear  Carvdo  Diesele I 64 Gw 64%

Natural Oleo Térmicas

14%

(1) Dados de maio de 2019

(2) Gas na:[utal in_clui gds de proces:so . . I n stal Ied C apac ity
(3) UHE n&o inclui a parte paraguaia da usina de Itaipu
2019 and 2029 (GW)

(I) Considera apenas a geragao centralizada
(2) Inclui a parte paraguaia da usina de Itaipu
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Share of sources
(% of installed power)

Brazil tends to continue over the ten-year period with a predominantly
renewable electricity generation supply

70% -~

60% -+

50% -

40% -

30% -

20% -

10% -

18%

o 17% 17%
o 15% 15% 15% 15% 15% 16% y

0%

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029

-@-Hydro =@-SH+Wind+BIO+PV =@-Thermal

Emissions below the estimated contribution to the
electricity sector to meet the Paris Agreement
commitments
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Reference Expansion — Transmission Lines

49 mil km
+30% <§
oltage
km

Estimative
dez/2019

Evolution

9.046 2.683 12.816  52.827 6.800 10.327 59.920 154.419

20202029 IR 0 0 28.146 228 1.526 16.179 48.998 |
2020-2024 [0 0 0 20735 122 1294 9644 31795 % |
2025-2029 WXph) 0 0 7.411 106 232 6.534 17.203 154
Estimative milkm

11.966  2.683 12.816  80.973 7.028 11.853 76.098 203.417

PAOPAS

Rede Basica

Substations Capacity: from 385,000 MVA (2019)
to 557,000 MVA (2029)

2019 2029
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The country needs huge investments...

((( \\ US$ 78 Modernization of the legal, regulatory
billion and comercial framework to tackle this
Utility-scale power generation tranSfOrmati on Of th e S)’Stem
US$ 27 “Correct” economic signals 2
billion investment decisions and efficient use
Transmission Of resources
US$ 13 Adequate allocation of risks, with the
billion instruments to manage them
Distributed Energy Resources

Source: EPE
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Conclusions

* Brazil’s economy and markets has scale, with robust energy market and Institutions

* Almost 60% of the power generation and transmission expansion were made feasible
through auctions schemes (since 2005)

* Brazil is leader in renewables (energy and electricity perspectives)
* Over the next ten years, Brazil tends to continue with a hegemonic renewable
electricity generation offer, with around 80% of the generation park consisting of

hydroelectric, wind, solar and biomass plants

* Brazil needs huge investments in electricity sector: more than US$ 100 billion over
the next ten years
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Conclusions

* The Brazilian electricity system has been undergoing several changes and PDE 2029
has brought new discussions to contribute to this modernization process and to help
prepare Brazil for the next ten years.

* The significant expansion of the transmission system will increase the overall
reliability and it will provide the flexibility required to operate a system in which RES

such as wind and PV solar play a very important role.

* Market conditions are dynamics: regulatory and legal aspects must be up to date
(examples of Electricity Modernization Working Group and New Gas Market).
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Thank You!
iMuchas Gracias!

Thiago Ivanoski Teixeira
thiago.teixeira@epe.gov.br

Avenida Rio Branco, 1 - 11° andar
20090-003 - Centro - Rio de Janeiro
www.epe.gov.br
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