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Introducao — “Transicoes energéticas”

World consumption Shares of global primary energy
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Introducao

v" Alteractes na oferta de energia

Change in primary energy by fuel
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Estados Unidos
v Origem da inddstria do petréleo e automobilistica;
v" Producéo Fordista — Linha de montagem;

v Modelo T;




Estados Unidos oo
v" Industria do petrdleo - Seguranca energética;

v Curva de Hubbert >>> Pico do Petr6leo (Quando?);

U.S. Annual Crude Oil Production, 1940-2020
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v Oleo e Géas do Xisto — Governo Obama;

v Dependéncia do petroleo do Oriente Médio?



Estados Unidos

v" Industria do petrdleo - Inseguranca energética;

v' Ataque cibernético >>> Colonial Pipeline (3 Mbpd - Maio de
2021 — Pagamento de 75 bitcoins ou US$ 4,4 milhdes);

Colonial Pipeline system map

— Pipeline system — Sublines
® Main weekend delivery locations
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Canada

v" Industria do petréleo - Seguranca
energeética;

v" Areias Betuminosas;

v Exportacdo média (2016/2021)
de 3,5 Mi bpd para Estados

Unidos;
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China oo

v Belt and Road Initiative — “Nova Rota da Seda”
v" Investimentos em energia de US$ 35 bilhdes por ano;

v In 2021, the Chinese government announced that it would end

the financing of coal-fired power plants overseas.

v' China has provided a lot of loans to Africa, approximately

$150 billion.
v' Paguistdo — Carvao Mineral e Hidroelétricas;

v" RUssia — Gas Natural - “Power of Siberial e 2;



China ::.Eo

Chinese energy investments in the Belt and Road Initiative (BRI) 2013-2020
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China

Chinese energy investments in the Belt and Road Initiative

(BRI) 2013-2020
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Europa — Unido Europeia oo

Diretrizes
v" Energia Renovavel (2009/28/EC);
v' Eficiéncia Energética (2012/27/EV);

v’ Parlamento Europeu (Junho de 2022) — Banimento veiculos
combustéo interna (ICE) até 2035;

- Alternativa Renovaveis €
Carvao Mineral <: Energética ao gas Eficiéncia

natural russo
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Europa — Uniao Europeia coos
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Europa - Franca s

v' Seguranca Energética >>> Energia Nuclear;

v" Outubro de 2022: FLAN DE

SOBRIETE

ENERGETIQUE

v The French government unveiled its biggest energy
conservation measures since the 1970s oil crisis;

v Part of a Europe-wide effort to save power this winter as
Russia shuts off natural gas supplies to countries that support
Ukraine.

v' Reduce France’s energy consumption by 10% in two years,
and ultimately by 40% by 2050;



Europa - Alemanha o

v" Inseguranca energética > Cortes no fornecimento de gas russo;

v Gas natural: Dependéncia de 40% do fornecimento russo;

Gas pipelines

v Gasodutos Nord Stream I e [I; =%, ]

===-=Nord Stream 2
o Vyborg

v’ Boas relacdes Merkel / Putin;

v" Realismo X Idealismo:;

."
Lubmin

v" Guerra Russia/Ucrania; PO

200 k

v Julho de 2022 - Nacionalizacdo UNIPER >>> 15 bilhdes de
euros;



Europa — Reino Unido oo

v" Seguranca Energética >>> Producdo de Gas Natural no Mar do
Norte / Noruega;

Mas...
v Outubro de 2022: Energy Prices Bill >>> Price cap;

v’ The Energy Price Guarantee will ensure that a typical
household in the United Kingdom pays around £2,500 a year
on their energy bill, depending on their use, for the next 2
years, from 1 October 2022.

v" It is expected to cost £100 billion-plus.



RuUssia oo

v Mackinder e a teoria do “Heartland” — ferrovias séc. XIX;

v RUssia como “Superpoténcia Energética” — Carvao Mineral,
Petroleo e Gas Natural;

v Gasodutos ao Oeste >>> Europa - Gasodutos na Ucrania;

v Gasodutos ao Leste >>> China - Gasodutos “Power of
Siberia’’;

v Guerra RuUssia/Ucrania >>> crescente influéncia da Unido
Europeia e OTAN,;

v" Realismo X Idealismo:;



RuUssia

v" Rede de dutos (gas natural e petréleo) Russia >>> Europa;
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RuUssia ®eoo

v' Gasodutos ao Leste >>> Power of Siberia 1: 4 mil km - 2019 - US$
55 Bilhdes; Power of Siberia 2: 1,5 mil km — 2024 — US$ 14 bilhoes;
Mercado chinés;

v Russia's Gazprom already supplies gas to China through the first
Power of Siberia pipeline under a 30-year, $400 billion deal, which
was launched at the end of 2019.
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Ucrania

v Rota de gasodutos russos para Europa;

v" Producdo de eletricidade — Nuclear e Carvao Mineral;
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Japao ecss

o0

v’ Pés-Fukushima — Energia Nuclear;

v Retomada gradual da geracéo nuclear;

v" Neutralidade de carbono até 2050;

Overview of Japan’s energy system by fuel and sector, 2019
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Japéo 0o

v “Next-generation vehicles” — which include HEVs (Hybrid),
BEVs (Battery), PHEVs (Plug-in Hybrid), FCEVs (Fuel Cells)
and “clean” diesel vehicles — are expected to grow from just
1% to at least 20% by 2030.

Electric vehicle fleets in Japan and a selection of IEA member countries,
2009-18

Number of electric
vehicles (thousands)

e |apan

250 e NOrWaY

200 United Kingdom
e (5ErMany

150 Netherlands
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Korea
50
0 -
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Note: Excludes hybrid electric vehicles.
Source: IEA (2019a)



IndUstria de transportes oo

v" Veiculos elétricos;

v’ Eficiéncia >>> EVs convert over 77% of the electrical
energy from the grid to power at the wheels. Conventional
gasoline vehicles only convert about 12%-30% of the energy
stored in gasoline to power at the wheels.

v" Veiculos autbnomos;
v" Smart Grids; V2G;
v" Redes 5G;

v Fim da era do petrdleo? E o uso ndo energético?
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Industria de transportes

v" Veiculos elétricos >>> Valor de mercado Tesla: US$ 1 trilhdo:;

Market Capitalization, USD, Oct 25, 2021
Tesla v. Next 10 Automakers

$1.01 Trillion

$1.01 Trillion

SAIC
Honda

Stellantis
Ford
BMW

BYD

Volkswagen

Toyota

WOLFSTREET.com




Preco do Petroleo - Volatilidade

Crude oil prices 1861-2021
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Japao

v IEA 2021: Japan Energy Policy Review;

v' Mercado de Gas Natural Liquefeito — GNL >>> Australia;

Natural gas imports to Japan by country, 2000-19

bcm
140 mmm Other

Indonesia

Papua New Guinea
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«+++«« Total net imports

IEA. All rights reserved.

Japan imported 105 bcm of LNG in 2019, over a third of which came from Australia, followed
by Malaysia, Qatar and the Russian Federation, and recently increasingly also from the
United States.

Note: bcm = billion cubic metre.
Source: IEA (2020a), IEA World Energy Statistics and Balances (database), www.iea.org/statistics.




Preco do Gas Natural - Volatilidade
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Mercado de Gas Natural - EUA

OCTOBER 17, 2022

U.S. natural gas bills will increase 1n all regions this
winter

Average U.S. residential winter natural gas expenditures (winter = Oct-Mar, 2017-2023) Cﬁf‘

dollars
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Mercado de Gas Natural - Europa 0co

Europe (EU-27 and the UK) liquefied natural gas imports by source country (2010-2021) (l:?
billion cubic feet per day
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Mercado de Gas Natural - Europa s

v' Natural gas futures linked Europe's wholesale gas price were trading
around the €130 per megawatt-hour mark as abundant supplies of LNG,
particularly from the US, helped countries fill storage sites ahead of the
winter session.

v' Europe's gas storage sites are more than 91% full, above the five-year
average, while Germany's stockpile rate reached 95%.

v’ Forecasts for a milder winter, with above-normal temperatures during the
peak heating season between December and February, could suggest lower
heating demand.

v" The European Union is due to propose new energy measures to tackle the
ongoing energy crisis, including a range of options for natural gas price
caps.

v Natural gas futures were more than four times higher than average for this
time of the year, with risk remaining on the upside amid concerns about
further supply disruptions, particularly those from Russia.



Mercado de Gas Natural oo

Major trade movements 2021

Trade flows worldwide (bilbon cubic metres)

W us
Canada
Mexico
W S. & Cent. America
M Europe
W CIS
B Middle East
M Africa
Asia Pacific —3 LNG

——3 Pipeline gas

BP, 2022.



Oriente Medio eee
v' OPEP;

v" Arébia Saudita X Irg;

v" Ird — Programa Nuclear / JCPOA; Influéncia russa;

v' Siria — rota alternativa para gasodutos; Influéncia russa;

v' Qatar - Exportacdo de GNL (Gas Natural Liguefeito);

v" Irague — risco iminente de guerra civil;
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Oriente Meédio ecs
v’ “Heartland energético” do mundo;

v' Estreito de Ormuz: 70 km de largura no trecho navegavel;




Estreitos eece

[ X |
Canal de Suez
v Acesso a mercado europeu;

v' Marco de 2021: Navio Ever Given encalha no canal por seis
dias;




Estreitos oo
Malaca

v" Acesso a mercado chinés — Petréleo / PV inclusive;

v' Comércio GNL Oriente Médio;
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Venezuela oo
v Governo Maduro
v Queda na producao de petréleo — 3,0 Mi bpd >>> 0,5 Mi bpd;

v" Maior reserva do mundo — 300 bilhdes de barris:

Recovery Mode
Venezuela oil output has rebounded from 2020's 77-year low

M Barrels/day

1945 '50 '55 '60 '65 '70 '75 '80 '85 '90 '95 '00 '05 '10 '15 2020

Source: Venezuela's government statistical data (Pode), OPEC secondary sources Bloomberg




Brasil oo

v Autossuficiéncia em petréleo (2006); Pré-Sal (2007);

Previsdo da producao de petréleo nacional para o pré-sal, pos-sal e extra pré-sal

Extra P"'S",J

Milhdes de barris/dia

0
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

v Dependéncia em derivados (2021) - diesel (33%) e gasolina
(10%);

v Impacto Guerra Ucrania/Russia — Reducdo do ICMS sobre
gasolina (de 30% para 17%);



Oferta Interna de Energia 2012-2021
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Brasil

v NDC - 2016:; Revisao 2020:;

v Veiculos Flex (Biocombustiveis) X Veiculos elétricos;

v’ 2021: Expanséo da Solar PV (16 TWh) e Edlica (72 TWh);

v Amazonia “Heartland ambiental” do mundo — Bertha Becker:

2013 2014

W Outras Renovaveis
@ Solar
M Edlica

M Derivados da Cana

M Lenha e Carvao Vegetal

O Hidrdaulica

W Outras Ndo Renovaveis

@ Uranio (U308)

[ Carvdo Mineral e Coque

[ Gas Natural

@ Petréleo e Derivados

Petréleo e derivados
(%)

39,3
34,4

Gas natural (%)

133

115

Lenha e carvao
vegetal (%)
91 8,7
N ———

Outras renovaveis
(%)
3,4 58
A——————————

Hidraulica (%)

Derivados da cana
(%)

16,4
13,8 11,0 15,4
Edlica (%) Solar (%)
2,1 0,8
0,2
0,0
Carvdo mineral e Uranio (%)
coque (%)
5,4 5,6 1,5 13
Outras nao

renovaveis (%)

0,5 0,
ﬁ

(2]

EPE, 2022.




Mudancas Climaticas oo
v Intergovernmental Panel on Climate Change IPCC (1988);
v Rio 1992 (CNUMAD) — Conference of Parties (COP);

v" Protocolo de Kyoto (1997); metas especificas: top-down;

v" Emenda de Doha (2012);

v" Acordo de Paris (2015) — limitar até 2°C; NDC: bottom-up;

v Nationally Determined Contributions (NDC); Revisdo
periodica;

v' Compromisso de financiamento de US$100 bilhdes por ano;

v Guerra Russia/Ucrania >>> Impacto nas NDCs, sobretudo de
paises europeus;



Mudancas Climaticas °co

v EmissOes de carbono — BP Statistical Review

The increase in carbon emissions in 2021 was driven
by the rebound in economic growth
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Mudancas Climaticas eee
v" Emissfes de carbono — BP Energy Outlook 2022

Accelerated and Net Zero are broadly in line with
‘Paris consistent’ IPCC scenarios

Carbon emissions
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Mudancas Climaticas oo

v Geracao Elétrica Renovavel >>> Solar PV e Edlica;
Desafios:

v’ Baixa densidade energética;

v" Intermiténcia no suprimento;

v" Risco de apag0es;

v Novas rotinas de operacdo de sistemas elétricos com grande
capacidade instalada de fontes intermitentes;

v Desenvolvimento de baterias de grande porte >>> flexibilidade;



Mudancas Climaticas 0cor

Energy transition underpinned by a range of low-carbon
energy sources and technologies

Wind and solar power generation Electric vehicles
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Phases of VRE integration in the Nuclear Fade Case of the Sustainable Development
Scenario in selected advanced economy regions/countries
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IEA (2019). All rights reserved.

Rising VRE output needs to be accompanied by increased investment in various sources of flexibility,
such as batteries, interconnections, electrolysis for hydrogen storage and demand-side management.




Industria de paineis fotovoltaicos o
China

v China has invested over USD 50 billion in new PV supply
capacity — ten times more than Europe — and created more
than 300.000 manufacturing jobs across the solar PV value
chain since 2011.

v The country is home to the world’s 10 top suppliers of solar PV
manufacturing equipment.

v The level of geographical concentration in global supply
chains also creates potential challenges that governments need
to address.
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IndUstria de paineéis fotovoltaicos e
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C h i n a Solar PV manufacturing capacity by country and region, 2021

v' 75% da producdo;
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Baterias lon-Litio oo’
0000
v' Litio: Australia (44%), Chile (34%) e Argentina (13%);
Global Production Shares of Selected Lithium-ion Battery Materials by Country, 2017
Share of Global Production
(percent world total)
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i
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Novos Reatores Nucleares oo

v Geracéao nuclear >>> Estabilidade e flexibilidade;

v’ Experiéncia francesa em geracdo nuclear flexivel;

v IEA Report (2019): Nuclear Power in a Clean Energy System;

v Encouraging investment in Small Modular Reactors (SMR);

v Support innovative new reactor designs - Accelerate
Innovation in new reactor designs with lower capital costs and
shorter lead times and technologies that improve the operating

flexibility of nuclear power plants to facilitate the integration
of growing wind and solar capacity into the electricity system.
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