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MUNDO FisICO

* Veiculos sem condutor

* Impresséo 3D

* Robdtica avancada

+ Ciéncia de novos materiais

p

o)

SECULO XXI

As IDEIAS QUE
PODEM MUDAR O
MUNDO

&

/ MUNDO DIGITAL \

* Inteligéncia Artificial

* As Maquinas que aprendem
* A Internet das coisas

* O poder dos sensores

& g

Q

/o MUNDO BIOLOGICO\

* A sequenciagédo do Genoma
* A Edicdo Genética e a Terapia
* ATécnica CRISPR

* A luta contra as doencas

* A Medicina com assistentes

\virtuais (robots) /
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2019

POPULATION
7.5 billion people

GDP
85 trillion US$

CAR FLEET
1 billion cars

OIL USE in DEVELOPED WORLD
14 barrels/person/year

OIL USE in DEVELOPING WORLD
3 barrels/person/year

WORLD ENERGY MATRIX

. Oil Production is 5 times greater than

in 1957

. Renewables have established a more

secure foundation

. Oil/Coal /Natural Gas provide 80% of

supply
ELECTRICITY
1,5 billion people without access

WATER
700 million people with scarce resources

2030

POPULATION
8,5 billion people

GDP
130 trillion US

CAR FLEET
3 billion cars

OIL USE

Billions of people with better incomes
go from 3 barrels/person/year up to 3
or 4 times more

WORLD ENERGY MATRIX

. Dominance of Natural Gas?
. Consolidation of Renewables
. Solution for the transport system:

(electric/biofuels/GTL//fuel-cells)?

ELECTRICITY
. Reduction or not of inequality?

WATER
. Reduction or not water access?




PRODUCTION of SELECTED COMMODITIES, 1950, 1975, and 2000

(in thousand metric tons, unless otherwise noted)

PRODUCTION PERCENT
INCREASE
1950 - 2000
1950 1975 2000
Bauxite 8,370 25,401 135,000 1,513
Cobalt 7 30 33 371
Copper 2,645 6,960 13,200 399
Iron ore 250,000 887,389 1,061,148 324
Nickel 146 787 1,250 756
Titanium 814 3,298 5,187 537
Crude oil (billion barrels) 3,8 19,5 27,3 618
Natural gas (tillion cubic feet) 7,2 55,8 85,1 1,082
Source: US Grological Survey, Minerals Yearbook; BP, Statistical Review of Weorld Energy
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THE GEOPOLITICS OF THE PIPELINES
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SEGURANCA do ABASTECIMENTO

* PORTUGAL: 45% gas Argélia
55% gas Nigéria
* Pipelines do Magrebe
* Instabilidade politica MENA
* Dependéncia Energética do exterior 72%
* Europa: dependéncia da Russia
* Papel da fachada Atlantica
* Seguranga fluxos (pirataria)
* Cooperagao geopolitica

SEGURANGA
ENERGETICA

ﬁUSTENTABILIDADE AMBIENTm ESTABILIDADE e
* Aposta nos recursos endogenos COMPETITIVIDADE dos PRECOS
* Mudanga paradigma: do lixo para * Falhas Mercado Unico Europeu de
0S recursos Energia
* Economia Circular: * Falhas liberalizagao /regula¢ao dos
design/reciclagem/produtos mercados
* Papel das Energias Renovaveis * Fraquezas das Redes Europeias
* Controlo e declinio emissdes CO, Energia (pipelines + redes
. C-OP %1 e mudanga'climética eléctricas)
* Ligacdo aos mecanismos do * Politicas Publicas desligadas dos
mercado (caso carvao exportado mecanismos econdmicos do
\\dos EUA para a Europa) / mercado

11



PORTUGAL: PONTE
GEOPOLITICA entre EUROPA,
EUA, Ibero-América, Africa
Norte, Lusofonia, Atlantico

Sul e Asias
* TTIP
* CPLP
* Mercosul
* Repensar as Aliangas /
PORTUGAL: PLATAFORMA

TECNOLOGICA INTEGRADA

* Teste solugdes tecnoldgicas
* Paradigma das cidades

* Atracgao Investimento

* Aliangas com paises e

Multinacionais /

Vi

PORTUGAL: ECONOMIA
ATLANTICA no CRUZAMENTO das
REDES da GLOBALIZACAO

*Modelo Estratégico de
Desenvolvimento

*Novo “mind set”

*Planeamento Estratégico )

0OS FUTUROS POSSIVEIS
DE PORTUGAL

J

N

PORTUGAL: DO HINTERLAND |
PARA O EXTERIOR

* Sectores tradicionais da economia

* Plataformas logisticas

* Sector Exportador

* Papel das Empresas e da Inovagao
Tecnoldgica

| ~N

J

PORTUGAL CONECTADO |
GLOBALMENTE

* Portos

* Plataformas Logisticas

* Redes Comerciais

* Redes Energéticas

* Cadeias de Valor

* Porto de Gotemburgo/Suécia:
ligado a 26 plataformas
logisticas /

GEOECONOMICO
INTEGRADO

PORTUGAL: ESPACO \

* A geografia além da identidade
territorial
* AZEE
* Novos sectores econdmicos:
- Recursos Marinhos
- Biotecnologias
- Ciéncias da Saude
- Industria Alimentar
- Inddstria Farmacéutica

- Inddstria Cosmética
- Energias Renovdveis
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Conferéncias do Chiado

2. “Energy Game Changers”
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ENERGY GAME CHANGERS in XXI CENTURY

UNCONVENTIONAL GAS

Gas production

Production vs. rig count outside

Bem Bem Gulf of Mexico
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Gas rig count

INSTABILITY in PRODUCING
COUNTRIES and THREATS
to SUPPLY

Yermen
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INDUSTRY CATASTROPHIC ACCIDENTS
(e.g. OFFSHORE OIL Spills) and PUBLIC
IMAGE

EMERGENCE of PACIFIC BASIN as
TOP ENERGY CONSUMER
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FUKUSHIMA NUCLEAR
ACCIDENT

2
Nuclear power plants:

With reactors shut down
or under maintenance

Potentially fully suspended by:
@azzon  @E@oszon
@Hn1z012

~~=_INORTH
"I KOREA

g Fukushima
Dai-ichi

400 km

|

Source: Ja-p.an's electricity utilities

CLIMATE CHANGE and
ENVIRONMENTAL REVOLUTION

Summer sea-ice extent:
September 9th 2011
I Average (1979-2000)

7 agreed national borders

Fossible shipping rnoutes:
Jf’ Morthern sea route
[Northeast Passage)

7 NHorthwest Passage
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What i1s the SHALE GAS?

Schematic geology of natural gas resources

Land s7rface
Conventional <
non-azsaosclated Coalbed methane

Conventional
associated
gas

Sandstone 'r.gm sand —*

gas

= U.S. Energy Gas-rich shale
@9 Information
Administration
= ;.":_ o , X :4‘ g -
A world class source rock and a potential
shale gas reservoir — the Devonian-
Mississippian Woodford Shale
Conferéncia da AGN
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US OIL SHALE: TEXAS HEARTLAND HEADS THE US OIL REVIVAL

Key oil and gas shale regions in the US : Top countries with
o J Bakken/Three Forks &, : shale oil resources
; ’ ;D i Technically recoverable
NORTH o A5 e i (Barrels bn)
AKOTA % ,: =
‘ o
! ¥y
\
— I,’: H
/ B Shale il i
2 | production
SN
TEXAS § o \ Shale oil and
T SR % \ gas basins
Permian ' Ea )
gle “J
Basin S  Ford +
Companies leading exploration in Bakken and Eagle Ford
Bakken-Three Forks Eagle Ford
Continental Resources  ExxonMahbil EOG Resources EP Energy
Whiting Petroleum Marathon Oil ConccoPhillips Marathon Oil
Hess Corporation Petro-Hunt Chesapeake Energy Murphy Oil
Statoil Slawson Exploration GeoSouthern Energy Pioneer Natural
EOG Resources Kodiak Oil & Gas Anadarko Resources
Plains Exploration &
Production : . A
Top 10 Permian Basin operators, 2012 US oil production US oil production forecasts
Qil production (Barrels m) Million barrels per day Million barrels per day
Occidental Permian 10
Pioneer Natural Resources USA
Apache Corporation 8
Kinder Morgan Production Co SO
XTO Energy 6
Cog Operating 4
Chevron USA
Oxy USA WTP 2
Sandridge Exploration and Production
Endeavour Energy Resources 0 .

0 10 20 30 40 190020 40 60 80 2012 2015 20 25 30 35
Sources. EIA; JEA

FT graphic Photo Bloomberg
Source: FT, 8th July 2013
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WORLD TOTAL GAS RESERVES
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The IEA calculates that electricity prices for German industry have tripled since 2000

Industrial electricity prices

$ per MW hour
180
160
140

120

2000 02 | 04 06 08 ' 10 12 13

Source. QECD

Fonte: The Economist, 14th June 2014
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APPLICATIONS

. Gas is most versatile of fossil fuels

. Used both in power generation and
transportation

. GTL may be competitive solution
\ for transport in Medium Term

GAS
DRIVERS

DECARBONIZATION OF ECONOMY

Gas is the least poluent of fossil
fuels

May play key role in transition of
energy paradigm

EFFECTS OF JAPAN NUCLEAR CRISIS

. Decision of some countries to slowdown
nuclear power (Germany, Italy, Japan)

. Opens a more decisive role for Gas

\
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Citizenship Issue

* Mobilization CLIMATIC CHANGE
» Change of behaviour i i
*Is an issue of Security
*Global economy vs local governance i
and survival

» Multilateral institutions
* Restructuring of world economy

THE CLIMATIC THREAT

» Concentration of CO2 in atmosphere before
the Industrial Revolution : 280 ppm
» Current concentration : 400 ppm

* Projection at the end of the XXI Century:
560 ppm (“Business as usual”)

* Increase of Earth temperature: 3 —4°C

* Instability of life on Earth

Need of action focused on NEED BUILD a Low-Carbon
polluter centers: ECONOMY

- Power stations - Till today action led to poor

* Electricity System _ e results
- Transport System Reduction of CO2 Emissions + New Action Plans
to be sucessful needs to be

linked to MARKET mechanisms

9 de Dezembro de 2020 Conferéncia da AGN 20 PA RT Ex
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BERKELEY EARTH TEMPERATURE STUDY
Prof. Richard A. Muller Team, November 2011

Average temperature for 2000-2010 relative to 1800-1810

C)

rature Anomaly (

|
o
§-N

-08 8

m

re Anomaly (- C)

Maps showing the decadal average changes in land temperature field. In the upper plot, the
comparison is drawn between the average tenperature in 1900 to 1910 and the average
temperature in 2000 to 2010. In the lower plot, the same comparison is made but using the
interval 1960 to 1970 as the starting point. We observe warming over all continents with the
greatest warming at high latitudes and the least warming in southern South America
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Socolow and Pacala’s “wedges”

60
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Stabilisation Triangle
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and Cement Manufacture (GtCO2/yr)

Carbon Dioxide Emissions from Fossil Fuel Combustion

20 - . .. .
Continued Emissions from Fossil
Fuel Combustion and Cement

10 4 Manufacture

D 1 1 1 1 1 1 1 1 1 1

2000 2010 2020 2030 2040 2050

Source: Pacala and Socolow (2004)
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Shares of primary energy

50%
40% 7
ouze — i
20% —Coal
’ —(@as
10% —Hydro
g - Nuclear
0% p— / —Renewables*
0

1965 1975 1985 1995 2005 2015 2025 2035

*Includes biofuels

Energy Outlook 2035 23 ©BP p.l.c.2015



I €0, emissions
Tonnes, bn

Africa
B Central and South America
I Middle East

Europe and Eurasia

North America

1990 95 2000 05 10 1
Source: BP

Economist.com June 2017



FOUR MAJOR TRENDS\

CHANGING WORLD ENER
MATRIX

» Growing electrification

Decarbonization
Localization

thimization

GY

LOW CARBON SOLUTIONS

* Buildings

Electric/Thermal Generation

+ Transportation systems

e g

Clean Technologies and
Reduction of CO, Emissions

* Tolerance zero for Gas Flaring

» CO, sequestration and injection into
oil reservoirs (win-win approach)

» Control/reduction of VOC emissions
(surface facilities)

Improve Market “desigh mechanisms”

Wromote energy efficiency /

N

/

GROWTH
and
SUSTAINABILITY

&
v

/ MAJOR ROLE of GAS \

* Increasing share of world energy matrix

» Shale Gas revolution and magnitude of
reserves

» Gas is most versatile of fossil fuels and
least poluent

» Used both in power generation and

/

transportation (GTL)

&Gaseification” of economy

g

\

NUCLEAR CRISIS

@cially LNG

» Decision of some countries to slowdown
nuclear power (Germany, Italy, Japan)

* Open more decisive role for gas and

/LNG and EFFECTS of JAPAN\

g

/ OIL & GAS INDUSTRY
PUBLIC IMAGE
» Recent record of catastrophic acc
does not help

address public concerns

emissions cutting technologies

jeopardizing expansion of require
projects

* Need to improve risk management to
* Industry engaged in environmental and

» Better communication with the public
* Better environmental regulations without

idents

_

25



Conferéncias do Chiado

3. A Transigcdo Energética, o Papel do Gas Natural
e Desafios para o Futuro
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Primary Energy Consumption

World consumption Shares of global primary enargy
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Regional Consumption Pattern

Regional consumption pattern 2019
Forcamage

North Amenca E & Cont Amancs Ensmogss [ Middia East Adnca AsE Facihc
0il rernains the dominant fued in Africa, Ewops and the Amencas, while nztural gas dominates in C15 and the Middie East, mrrﬁnghrrmm than hal n-l'H'-u-:n-urg';'
mix: in bogh regions. Coal is the dominant fuel in the &sa Faciio region. In 3018 coal's shane of pnmary energy fell o is lowest level 0 our data seaes in Morth &menca
and Eurcpa.

Source: Statistical Review of World Energy 2020
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Proved Gas Reserves

Distribution of proved reserves im 1999, 2009 and 2079
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Source:bp Statistical Review of World Energy
2020
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Reserves-to-production (A/P) ratios
—

2019 by regian li=mtary
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Source: bp Statistical Review of World Energy 2020
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THE FUTURE OF NATURAL GAS

J: 'I.‘ ’! ": ]
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Conferéncia da AGN PA RT EX

9 de Dezembro de 2020 Anténio Costa Silva — Presidente da Comissao Executiva 31
OIL AND GAS



INTERLIGACOES DA REDE DE GASODUTOS

-
p—
T
7 5

MOROCCO

Fonte: GIE — Gas
Infrastructure Europe /
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Portugal Natural Gas Consumption

6,3
6,1
5,8
51
4,8
4’1 I

Gas Consumptiom BCM

2014 2015 2016 2017 2018 2019
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TERMINAIS de GNL na EUROPA

EUROPE

Mina Al Ahmadi Gasport - Excelerate/KNPC

L A |
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THREE SCENARIOS for the ENERGY TRANSITION

Actual energy mix
2016

(> 33%
> 24%
ik

&

e
NP

Evolving transition
2040

27%
26%
14%

Faster transition X X x o ° X
[Te) ~N ™ o IoN Lo
2040 N ~ e ~ © N
Even faster transition 2 X X o o X
~N (o)} o o N ™
2040 o~ — - © © %)
0 3 6 9 12 15 18

Billion tonnes of oil equivalent. The sum of the fuel shares may not equal 100% due to rounding.

Oil Gas Y Coal &b Nuclear
O © =

A
Hydro K% ') Renewables

Evolving transition

In this scenario, government policies,
technology and social preferences evolve
in a manner and speed seen in the recent
past. The growing world economy requires
more energy but consumption increases
less quickly than in the past.

Faster transition

This scenario sees carbon prices rising
faster than in the evolving transition
scenario, with other policy interventions
encouraging more rapid energy efficiency
gains and fuel switching.

Even faster transition

This scenario matches carbon emissions
similar to the International Energy
Agency'’s sustainable development
scenario, which aims to limit the global
temperature rise to well below 2°C.
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PIVOTAL ROLE of GAS in (" STRONG CLUSTERof ) ( BIOFUELS/BIOENERGY h
the ENERGY MIX RENEWABLE ENERGIES
: » Conversion of biomass into fuels
* The less pollutant of fossil fuels * Wind onshore and offshore - Reverse of paradigm
* Solar
o Wi in Wi  Waste to resources
k Win /win with renewables J » More and more competitive prices - Cellulosic algae
’- \ J ‘I \ Not compete with food crops J
T\
/ OTHER POWERFUL \ ‘ / \
SOLUTIONS
f \ ELECTRICAL MOBILITY
« Natural carbon sinks r\\ //ﬁ _
+ Reforestation/Agriculture soils M U I—TI DI M E N S I O NAI— ’ g;sat‘gg]e SRS SR
S ([;farbon cjapture and sequestration R ES PO N S E to - EV’s for cities
Irect air (.:aptur.e . ENERGY * Plug-in’s
k- Carbon mineralization J TRANS'T'ON \ Hybrid fleet J

g J

HYDROGEN REVOLUTION STORAGE
W
» Hydrogen from Natural Gas
- Competitive costs vs. water / DIGITALIZATION and \ * Batteries at grid scale
electrolysis OPERATIONAL EFFICIENCY * Invention of the Century
* Application in Fuel-cells and - Foster electrification of the
\ Batteries J * Internet of Energy economy

« Streamlining of operations \ J
» Al and ML for BIG Data processing
* Reduce emissions

PR \ Reduce waste J
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O NOVO PARADIGMA ENERGETICO
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Energy Road Map and Solutions:
Many Possible Paths Leading to Same “Destination”

Natural Gas

\ Internal
Corn —p  Ethanol Combustion
Engine

~~ Gasoline

Crude OIll
Diesel

Air
(Oxygen) I
Water -\

Nuclear
Power Motor

—> Electricity —> Hydrogen = Fuel Cell = Electricity

Uranium

Battery
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/ DIGITAL TECHNOLOGIES \

/ REDUCTION of FUEL )

CHANGING ENERGY MIX Al faster data processing and
ML to increase efficiency and CONSUMPTION
» More gas drive down emissions . _
- More Renewables «  Streamlining of operations * More efficient engines
. . ; i * Advanced Energy Management
Less coal Reduction of emissions across Systems

: : r the whole energy chain
\ Less oil J o S\ + Focus on the whole
» Optimization of all energy transportation systems
\ processes J \ J

K\ / \ /) UPGRADED TECHNOLOGIES
OIL & GAS INDUSTRY ADVANCING THE I
* Reduce site’s energy use and

» Zero Gas flaring policy emissions

E N E RGY * Use of co-generated power
* Cement production with

emissions _ _
» Zero net growth in operational // TRANSIT'ON \\J lightweight concrete

emissions in 2025 7 k + Advanced mobility with electrical
* Reduce methane intensity

e Sustainable reduction of GHC

vehicles, ride sharing and car
pooling

« Develop more eff@cient and lower L} - Digitally connected convoys with
carbon fue!s, lubricants and trucks travelling closely to
petrochemicals [ HELP CONSUMERS to \ _‘ reduce aerodynamic drag and

improving fuel use and CO,

» Grow lower carbon offers for N4 LOWER EMISSIONS STTE O
consumers

+  Expand low carbon and » Carbon neutral lubricants * Bio and low carbon products
renewables business * Reduce plastic in packaging ¢ e Tl e SR

. R& D investments on low carbon - Low carbon chemicals (on products, * Sustainable building materials

; clothes, packing)
solutions i )
Metri q gitati Co = Supply biofuel for cars and air planes
€ ”C.s and accreditation o 2 « Jet fuel made from household waste
reductions
/ * Renewable gas from food and

agricultural waste for transport systems

* More efficient engines to help improve }

\ fuel efficiency 39 PA RT Ex
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