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MUNDO FiSICO

* Veiculos sem condutor

* Impresséo 3D

* Robotica avancada

» Ciéncia de novos materiais

SECULO XXI
As IDEIAS QUE

PODEM MUDAR O
MUNDO

MUNDO DIGITAL O MUNDO BIOLOGICO

* A sequenciacao do Genoma
* Inteligéncia Artificial « A Edicdo Genética e a Terapia
* As Maquinas que aprendem * ATécnica CRISPR
* A Internet das coisas * A luta contra as doencas

* O poder dos sensores * A Medicina com assistentes
virtuais (robots)
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22 METADE do SECULO XVIII -
1760 a 1840

Primeira Revolucéo Industrial

FIM do Século XIX /Século XX
Sequnda Revolucéo Industrial

» Maquina a Vapor « Advento do Motor de Combustéo
Interna

» Carro / Aviao

» Eletricidade

» Fabricas para a produ¢cao em massa

* Transicdo da traccao animal
para o poder das maquinas

1960 até fim Século XX

Terceira Revolucéo
Industrial: Computadores

UMA IDEIA PODE
MUDAR O
MUNDO

HA 10 000 ANOS ATRAS

» Desenvolvimento dos semi-

* A Revolucao Agréria e a condutores

Domesticacdo dos Animais ~ :
» Computacdo mainframes

(1960's)

» Computador pessoal
(1970/1980’s)

* Internet (1990’s)

SECULO XXI
uarta Revolucao Industrial:

Revolucéo Digital

* Internet Mével

» Sensores poderosos

* Inteligéncia Atrtificial

» As Maquinas que aprendem (“Machine Learning”)
* A Tecnologia Digital combinada com “BIG DATA”

29 Agosto 2017
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WHICH DIRECTION WE ARE GOING?
THE WORLD AT A CROSSROADS?

The GEOPOLITICS
and the ECONOMY

GLOBAL
THREATHS

Globalization effects
Nation-State decline

Emergency of new
actors

Partial Transference
of financial power

Global crisis of
capitalism

Climatic (migrations)
Terrorism

Piracy

Failed states

Collapse of Order in
areas of the Globe

Nuclear proliferation

Weapons of Massive
Destruction

ﬁ

——
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More scarce
resources

Intensification fight
by the Resources

- Minerals
- Energy
- Food

- Water

Control of strategic
Raw Materials

—
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WORLD CHALLENGES

POPULATION
7 billion people

GDP
65 trillion US$

CAR FLEET
800 million 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

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?




A GLOBALIZACAO DA
PROCURA MUNDIAL DE
MATERIAS-PRIMAS

O exemplo do petroleo

85% do crescimento da
procura mundial vem dos
paises emergentes

OS SUPER CICLOS DE
PRECOS ALTOS DAS
“COMMODITIES”
O choque da procura em 2008
Repeticdo em 2012

Choque da oferta a partir de
2014

A VOLATILIDADE DOS
PRECOS

O balanc¢o cerrado entre a oferta
e a procura ndo explicatudo

O efeito geopolitico
O efeito especulativo

O efeito dos “stocks”
estratégicos

29 Agosto 2017

TENDENCIAS
EMERGENTES
NOS MERCADOS
DAS MATERIAS
PRIMAS

A “FINANCEIRIZAGAO”
DAS MATERIAS PRIMAS

Personalidade dupla

Matérias-Primas + Activos
financeiros

A LUTA GEOPOLITICA
PELO CONTROLE DAS
MATERIAS-PRIMAS

A crise das Terras Raras
China/ Japéo 2010

O PAPEL DOS PAISES
EMERGENTES E OS
CONSTRANGIMENTOS

Os recursos necessarios para
suportar o desenvolvimento
econdémico

O crescimento demografico

UMA NOVA ERA NA
DINAMICA DOS PRECOS

Volatilidade elevada
Papel da “especulacido”

“Players” tradicionais + gama
diversa de entidades
financeiras

11



PRODUCTION of SELECTED COMMODITIES, 1950, 1975, and 2000
(in thousand metric tons, unless otherwise noted)

PRODUCTION PERCENT

INCREASE
1950 - 2000

2000

Bauxite 135,000 1,513

Cobalt 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 olil (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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Arab Countries Status

750 km Alglets

DRabat ; - &2 - \31_1 > Tehran /f""- 2 \
MOROCCO (7.5 Al\@yg “Baghdad KA
Benghazi 4.2 mascus \

\"Q 25 \ I R A N
32,5 Caifd JORDAN.  IRAQ. G52 .~ _
\ KUWAIT
. <

1.9
WESTERN 13 & —
ESTERN ALGERIA . Ra (o0

(sovereignty : ' H U.A.E. Musca,i]
disputed)
>

/
&

A%
N

A: ISRAEL

,, Population B: PALESTINIAN

Democracy Autocracy/ Full B Failed at onset of TERRITORIES
_ restricted autocracy state/civil Arab spring C: BAHRAIN

Sources: UN; democrac war ;

The Economist y 2011 estimate, m D: QATAR

Country status of selected Arab countries (January 2016)

The Economist, 9-15 January 2016
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Mediterranean
Sea

ETHIOPIA
5,

Gulf of Oman

Arabian Sea

L

Muslim population
Predominantly :

Sunni* Mixed

- Shia *And related sects

Source: M. Izady, Columbia University

The Economist, 9-15 January 2016



Crude oil proved reserves
(ba barrels)

TUNISIA
01

Key

Oil production, 2010 (million barrels a day)

Kuwait
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THE GEOPOLITCS OF OIL
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Jihad in AFRICA
The Danger in the Desert

O
Algiers

Muslim population
% of total

TUNISIA

In Amenas
QO

MOROCCO

Q -
Benghazi
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A R

EGYPT
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Source: The Economist, January 26th - February 1st
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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

SEGURANCA

ENERGETICA

SUSTENTABILIDADE AMBIENTAL ESTABILIDADE e
Aposta nos recursos endogenos COMPETITIVIDADE dos PRECOS

Mudanga paradigma: do lixo para
0S recursos

Economia Circular:
design/reciclagem/produtos
Papel das Energias Renovaveis
Controlo e declinio emissdes CO,
COP 21 e mudanga climatica
Ligacdao aos mecanismos do
mercado (caso carvao exportado
dos EUA para a Europa)

+ Falhas Mercado Unico Europeu de
Energia
Falhas liberaliza¢do /regulacdo dos
mercados
Fraquezas das Redes Europeias
Energia (pipelines + redes
eléctricas)
Politicas Publicas desligadas dos
mecanismos econdmicos do
mercado




EUROPE ENERGY SECURITY

NORWAY
il FINLAND

SWEDEMN
WEAND) UNTED,  NETHER-
KiNgDoM  LANDS DENMARK o
LITHU

|LISSIA

— |
YAl POLAND 0 —" ~
FRANCE \_{CZECH /"H.H:mua

Moscow

REP.

'-E'J_Ttl '.' H I..! "'I "‘I R"l'
LR ~ ROMANTA
BOSY 1 18

ITALY. Mefl’ER 5 /
ALB/MAL. \E PL”F1HIrL

.I'
- GREELE -
| Major European
gas pipelines:

r l ."‘."*
CYPRUS SYRIA AZERBAIIAN  TURKMEN-"

IRAN ISTAN

Source: The Economist - 12 Abril 2007
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EUROPE DEPENDENCE ON RUSSIAN GAS

Gas imports, in billons |
of Cubic matars
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10
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from Russia
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L -
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A SEGURANCA NA BACIA DO ATLANTICO

» OCEANO ARCTICO Degelo do

e » OCEANO ARCTICO

» AMERICA
DO NORTE

i Rotas Comerciais
Energéticas

» AMERICA CENTRAL
E CARAIBAS

» OCEANO PACIFICO

Operacdes
Offshore ~ Operacoe
Oil & Gas Offshore
Oil & Gas

» AMERICA
DO SUL

* Ciberterrorismo

* Ameaca Climatica

5 * Ameacas Ambientais . -
%5 ~Reorientacéo Estratégica

das rotas Oil & Gas

; » ANTARCTIDA
» OCEANO ANTARCTICO

O Equador | O Meridiano de Greenwich | O Circulo Polar Arctico | O Circulo Polar Antarctico | O Trépico de Cancer | O Tropico de Capricornio



Maritime Shipping Routes and Strategic Locations
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Dept. of Global Studies & Geography, Hofstra University
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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

* Aliancas com paises e
Multinacionais

PORTUGAL: ECONOMIA

ATLANTICA no CRUZAMENTO das

REDES da GLOBALIZACAO

*Modelo Estratégico de
Desenvolvimento

*Novo “mind set”

*Planeamento Estratégico

0OS FUTUROS POSSIVEIS

DE PORTUGAL

PORTUGAL: DO HINTERLAND
PARA O EXTERIOR

PORTUGAL CONECTADO
GLOBALMENTE

* Portos

* Plataformas Logisticas

* Redes Comerciais

* Redes Energéticas

* Cadeias de Valor

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

PORTUGAL: ESPACO
GEOECONOMICO
INTEGRADO

* A geografia além da identidade
territorial

* AZEE

* Novos sectores econdmicos:
- Recursos Marinhos
- Biotecnologias

- Ciéncias da Saude

- Industria Alimentar

- Inddstria Farmacéutica
- Inddstria Cosmética

- Energias Renovdveis

* Sectores tradicionais da economia

* Plataformas logisticas

* Sector Exportador

* Papel das Empresas e da Inovagao
Tecnoldgica




PORTUGAL: ZEE com a Extensao da Plataforma Continental

Nodulos polimetalicos ricos em manganés, niguel e cobalto
() Crostas ferro-manganesiferas ricas em cobalto e niquel

m— Limites ZEE

O Campos hidrotermais com ocorréncia de cobre, zinco, chumbo, ouro e prata
Vulcoes de lama - hidratos de metano
Limite exterior da plataforma continental portuguesa

Fontes: Recursos minerais metalicos - Intemational Seabed Authoroty
Vulcdes de lama - Adaptado de Leon et al. (2006)

Relevo
High : 3785

Low :-7321
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INDIA GLOBAL ROLE US GLOBAL ROLE RUSSIA GLOBAL ROLE

« Serious recession
- Approach to the US * Energy Independence

. " , * Western Hemisphere
» Contention of China in Indian R + Domestic insecurity, leading to

Ocean and North border * North-South Americas belligerence
geopolitical axis

* Collapse of energy prices

» Access to Raw Materials and « Growing nationalists and export of
Energy « Economic integration with troubles (Crimea/Ukraine/Syria)

 Potential economic and Canada and Mexico « Severe economic problems

population growth * Role of Latin American » Pharaonic network of energy

* The “Cuba” détente RS les

« Military adventures
* The Transpacific relationships

» Absence of strong institutions
* Weakening of Transatlantic

relationship? » Centralized authoritarian rule over

large problematic areas

GEOECONOMICAL
RECONFIGURATIONS




EUROPE LOST
in THE STORM

» Financial crisis undermine
confidence

» Refugee crisis undermine core
values

» Sovereign debt crisis undermine
the European project

* Inability to deal with internal and
external problems

» Growing instability in East and
Southern borders

* Inability to deal with Russia

* Inability to deal with the Middle
East and North Africa issues

29 Agosto 2017

CHINA GLOBAL ROLE

» The Silk Road Economic Belt

» The Central Asia connections and
Platform for energy, trade and
commerce

» The role of China national policy:

the strategy of 3 chains of
islands

» The South and East China seas

* The link to Indian ocean, Persian
Gulf, East and West Africa

» The growing pressure of China in
South Atlantic Ocean

GEOECONOMICAL
RECONFIGURATIONS

RUSSIA

PERSIAN GULF

» Growing instability / disintegration
» Civil / Religions Wars

» Collapse of energy prices

* Erosion of OPEC

» Readjustment to US policy and
presence

» Growing connections of Persian
Gulf with China and India
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MERICS China Mapping

One Belt, One Road: With the Silk Road Initiative, China Aims to Build

a Global Infrastructure Network
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ENERGY GAME CHANGERS in XXI CENTURY

UNCONVENTIONAL GAS

Gas production Production vs. rig count outside
Gulf of Mexico
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INSTABILITY in PRODUCING
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INDUSTRY CATASTROPHIC ACCIDENTS
(e.g. OFFSHORE OIL Spills) and PUBLIC
IMAGE

EMERGENCE of PACIFIC BASIN as
TOP ENERGY CONSUMER

EUROPA

Universidade de Verao PSD 2017
Anténio Costa Silva — Presidente da Comissao Executiva

FUKUSHIMA NUCLEAR
ACCIDENT

Nuclear power plants:

. With reactors st

or under maint
Potentially fully suspended by: @

@azz0n  @@0s20m
E®a1z012 ®
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Source: Japan's electricity utilities

CLIMATE CHANGE and
ENVIRONMENTAL REVOLUTION
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« The Revolution of the SHALE
GAS

* The Conceptual Innovation for
Shale Production

0

L" ,~ - ' 2 ‘{\n
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ays
« US Learning Curve

— Footprint Concerns
— Induced Seismicity
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« Knowledge of Rocks and
Evaluation of the Potential

« Can the US Shale Model be RIS tesT
eXported? R N B pCT R
29 Agosto 2017

32



What is the SHALE GAS?

Schematic geology of natural gas resources

Conventional
non-associated
gas

Sandstone

29 Agosto 2017

Land surface

\/

Coalbed methane

Conventional
associated

gas ~

Oil

Tight sand —
/ gas

Gas-rich shale

shale gas reservoir —the Devonian-
Mississippian Woodford Shale
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US OIL SHALE: TEXAS HEARTLAND HEADS THE US OIL REVIVAL

Key oil and gas shale regions in the US
Bakken/Three Forks

TEXAS * g
Permian W Eagle

Basin 1. Ford

Companies leading exploration in Bakken and Eagle Ford
Bakken-Three Forks Eagle Ford

Continental Resources  ExxonMobil EOG Resources

Whiting Petroleum Marathon Oil G oPhillips

Hess Corporation Petro-Hunt Chesapeake Energy
Statoil Slawson Exploration GeoSouthern Energy
EOG Resources Kodiak Oil & Gas Anadarko

Plains Exploration &
Production

Dgh ale oil

production

Shale cil and
gas basins

EP Energy
Marathon Oil
Murphy Oil
Pioneer Natural
Resources

: Top countries with
: shale oil resources
: Technically recoverable
: (Barrels bn)

Argentina

Top 10 Permian Basin operators, 2012 US oil production

Oil production (Barrels m) Million barrels per day

Occidental Permian

Pioneer Natural Resources USA
Apache Corporation

Kinder Mnrg,ar Production Co

Cog Operating
Chevron USA

e Exploration and Production
Endeavour Energy Resources

Sources. EIA; JEA

Universidade de Verdo PSD 2017
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US oil production forecasts

Million barrels per day

25

T graphic Phote Bloombesg

Source: FT, 8th July 2013




WORLD TOTAL GAS RESERVES

NORWAY

| 1.8 |
1.0 POLAND ~
CANADA e

23 | coaficE ¢ UKRAINE s g P
UNITED X TURKMENISTAN

24.4

STATES o EHIHA

i

FRFLUA MEYY

INDPOMESEN GHINEA

Gas reserves®

Trm cubie metres
20111 or latest availab AUSTRALIA
-~ ARGENTINA -

E‘E Conventional r| 15 FESETVES e SOUTH AFRICA o
0.0| Techn ically recoverable 21.9 m :
shale-gas resources 13.7

Sources: US Energy Information iEr 8] WORLD
na | TOTAL rSalected countries

"
Admanesirabon: The Ecoramrst

Source: The Economist, 6th August 2011

Universidade de Verdao PSD 2017
29 Agosto 2017 Anténio Costa Silva — Presidente da Comissdo Executiva




The IEA calculates that electricity prices for German industry have tripled since 2000

Industrial electricity prices

$ per MW hour

= France
= Germany
QECD
' UK
— S

Fonte: The Economist, 14th June 2014
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DECARBONIZATION OF ECONOMY

EFFECTS OF JAPAN NUCLEAR CRISIS
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ECONOMIC

* Economic growth and productivity

* Creation of wealth to be distributed
* Long Term Approach

* Attraction of investment

* Innovation/Creativity/R&D spending

* Focus on the drivers of growth including the
enterprisers

ENERGY
SOCIAL SUSTAINABILITY ENVIRONMENTAL

* Distribution of wealth
generated by the economic * Energy Efficiency
development

* Shift in the Energy Mix

* Quality of Life _
] * Bid on Gas and Renewables
* Community Development
. * Resource management
* Govern of law & ethics . _
. L * Environmental Protection
* Education and Scientific

Development * Preservation of eco-systems

* Public Policies and
Involvement

29 Agosto 2017 38



Participation of the
community, enterprises,
and organizations:

- Ongoing dialogue
- Accountability
- Transparence

ENVIRONMENTAL
AWARENESS at
ALL LEVELS
PUBLIC and PRIVATE
SECTOR

29 Agosto 2017

GOVERNMENT PUBLIC
POLICIES

DRIVERS

SUSTAINABILITY

ECONOMIC GROWTH
and
CREATION of WEALTH

LONG TERM VISION

POLITICAL STABILITY
and
SECURITY




Citizenship Issue

* Mobilization
» Change of behaviour

« Multilateral institutions

*Global economy vs local governance

* Restructuring of world economy

CLIMATIC CHANGE

*Is an issue of Security
and survival

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”)

Need of action focused on

* Increase of Earth temperature: 3 —4°C
\- Instability of life on Earth

polluter centers:

* Power stations
* Electricity System

* Transport System

N\

NEED BUILD a Low-Carbon
ECONOMY

« Till today action led to poor
results
\’ New Action Plans

Reduction of CO2 Emissions

29 Agosto 2017

to be sucessful needs to be
linked to MARKET mechanisms
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Global Co, Emissions from Fossil-Fuel

1875 1900 1925 1950 1975

Source: Nicholas Stern / Brohan et al (2006)
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Rough Breakdown of Global Greenhouse Gas Emissions in 2004

29 Agosto 2017

23%

NON-CO,**
Emissions

57% (CH,, N0, ...)

CO, from

fossil fuels 20%

CO, from land
use changes

Fonte: IPCC, 2007
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The Earth has warmed 0.7°C since around 1900

Global Average Near-Surface Temperatures 1850-2005
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Fonte: Nicholas Stern / Brohan et al (2006)
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BERKELEY EARTH TEMPERATURE STUDY
Prof. Richard A. Muller Team, November 2011

Average lemperature for 2000-2010 relative to 1800-1810
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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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s 400PPMCOE  ggy

o]
450 ppm COe
550 ppm CO,0
650ppm COe

750ppm CO8

Food

Eventual Temperature change (relative to pre-industrial)
fic] 2ic] i) 4c 5

Rising crop yields in high-latit
countries if strong carbon fe

1°C 2°C 3°C 4°C 5°C

Entire regions experience:

major declines in crop yields’
(e.g. up to one third in Africa

Yields in many developed regions ?
decline even if strong carbon fertilisati

Falling crop yields in many developing regions

Severe impact
in marginal
Sahel region

Rising number of people at risk fromhenger (25
jth

— 60% increase in the 2080s in one st
weak carbon fertilisation), with half of
increase in Africa and West Asia.

e developed
ation

Significant changes in water availabilifyy(one
study projects mare than a billion pecp!

er

Water ! ! water shortages in the 2080s, many in
Slma” mountain g!amers while a similar number gain water :
disappear worldwide — Sea level rise threatens
potential threat to water major world cities, includin
supplies in several are@s” GCreater than 30% decrea London, Shanghai, New
in runoff in Mediterraneans> York, Tokyo and Hong Ko
and Southern Africa
EffeCtS Of Coral reef ecosystem Possible onset of collapse
extenswew and of part or all of Amazo
: eventually irreversib rainforest
Temperature Ri
e p e at ure se damaged Large fraction of ecosystems unable to maintain current form »
Ecosystems Many species face extincti
(20 — 50% in one study)
B Rising intensity of storms, forest fires, droughts, flooding and heat W»—-
Weather Small increases in hurricai
Events intensity lead to a doubling}
damage costs in the US
R'.Sk of rapid Risk of weakening of natural carbon absorption and possible increasin
climate : "
natural methane releases and weakening of the Atlantic THC
change and
major onset of Increasing risk of abrupt, large-scale shift§in,the
Fonte: Nicholas Stern / Stern Review web site !rreversmle fthe G land i h climate system (e.9. collapSeIGEE—
' impacts orthe Lrechiaiiim—y’ and the West Antarctic Ice Sheet)




Socolow and Pacala’s “wedges”
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Socolow and Pacala’s “wedges”
Stabilisation Triangle

Continued Emissions from Fossil
Fuel Combustion and Cement
Manufacture

and Cement Manufacture (GtCO2/yr)
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Paris COP 21 and Future Scenarios

Global Energy Demand Growth: 2000-2015 vs 2016-2030

2000-2015: | 2016-2030:

Historic Data WM Base Case m [EA 2C Scenario
qu ) ;

4% A
3% -
2% A

1% 4

0 (,"}_. ' v ——- T —J T CE—

1%

Average %YoY Growth

2% -
-3% -

Coal Qil Gas Renewables*

Source: Wood Mackerzie; *Note: “renewables” is defined as wind, solar, hydro and nuclear
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I C0, emissions
Tonnes, bn

Africa
B Centraland South America
B Middle East

m

Europe and Eurasia

North America

1990 95 2000 05 10 1

Source: BP

Economist.com June 2017



Primary energy growth

Annual change, Mtoe

250
200
150
100
50

0
-50
-100

10-year average

Fuel increments

2014

2015

u Coal

u Oil

mGas

~ Nuclear

® Hydro

u Renewables

- Total

Source: BP Statistical Review 2016



Factors driving slower growth of carbon emissions

Contributions to slowdown in 2015 growth vs trend

Annual change, %
1.6%

1.2%

Energy
0.8% | intensity
0.4%
0.0%

10-year 2015
average

Source: BP Statistical Review 2016
©ORPnle 2016



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 52 ©BP p.l.c.2015



ENERGY

Total global energy investment in 2015 Top 5 markets
o et @ $315 billion
1.8 trllllon = 5250 billion

$140 billion
-8% ®

L . 85 billion
lower than in 2014, mostly because of cuts in ' $55 billic
upstream oil and gas spending as well as R
declining costs across the energy sector ® $65billion

Oil & gas still number one, despite investment drop

— 0, mainly a result of Further
$533 bl“IIOn 25 A) cost reductions 24%
Upstream oil & gas less than

_ . triggered by lower drop expected
investment in 2015 2014 oil prices [ijn 2516

Source: IEA, 2016

Universidade de Verdo PSD 2017
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ENERGY

A major shift in investment towards low carbon sources of energy

A 44

$221 billion $313 billion  $21 billion

invested in energy invested in all renewable invested in new nuclear

efficiency energy sources plants

Electricity sector

$420 billion $262 billion

invested in electricity invested in networks
generation

Renewable power spending was flat from
2011-2015 but produced one third more
electricity thanks to smarter deployment of
improved wind and solar technology

Are we on track?

100

Universidade de Verdo PSD 2017
29 Agosto 2017 Anténio Costa Silva — Presidente da Comissdo Executiva

The carbon intensity of power
generation that came online in
2015, a 20% improvement on
the existing fleet

Where we need to be to reach

climate stabilisation in the next
two decades

Source: IEA, 2016




FOUR MAJOR TRENDS MAJOR ROLE of GAS

CHANGING WORLD ENERGY .l ing share of world i
MATRIX ncreasing share of world energy matrix

» Shale Gas revolution and magnitude of

Growing electrification FESEIVes

- » Gas is most versatile of fossil fuels and
Decarbonization least poluent

Localization « Used both in power generation and
transportation (GTL)

Optimization « “Gaseification” of economy

LOW CARBON SOLUTIONS GROWTH LNG and EFFECTS of JAPAN

+ Buildings an d

NUCLEAR CRISIS

 Decision of some countries to slowdown
» Electric/Thermal Generation nuclear power (Germany, Italy, Japan)

* Transportation systems S U STAI NA B I L ITY * Open more decisive role for gas and

specially LNG

OIL & GAS INDUSTRY

) PUBLIC IMAGE
Clean. Technol0g|e§ and » Recent record of catastrophic accidents
Reduction of CO, Emissions does not help

* Need to improve risk management to
. T address public concerns
» CO, sequestration and injection into P ; i
oil reservoirs (win-win approach) * Industry engaged in environmental and

. .. emissions cutting technologies
» Control/reduction of VOC emissions . Bett icati ith the oubli
(surface facilities) etter communication wi e public

“ . . » * Better environmental regulations without
* Improve Market “design mechanisms

. jeopardizing expansion of required
to promote energy efficiency projects

* Tolerance zero for Gas Flaring

29 Agosto 2017 55



O CONCEITO DE SEGURANCA ENERGETICA

AMEACAS

RESPOSTAS ESTRATEGICAS

* Ruptura do abastecimento nos
paises produtores
* Repeticdo do embargo politico

* Criacao das reservas estratégicas de
emergéncia de petroleo (SPR)
* Criacao da Agéncia Internacional de Energia

SECULO XX d * Reducgéo da dependéncia:Standards para
e 1973 o ,
* Volatilidade dos precos no mercado a inddstria automovel (CAFE/USA)
« Utilizacao da “spare capacity” da Arabia
Saudita
* Terrorismo * Reducao da dependéncia da OPEP
* Desestabilizacéo interna nos paises * Mudanca do Modelo Energético
produtores por grupos extremistas  Aposta nas energias renovaveis, nos
« Eros3o da “Spare Capacity” biocombustiveis, na energia hidro-eléctrica,
- Dependéncia crescente da OPEP nuclear, biomassa, micro-geracao
S EEEREE Ga 6 [GElF e & B * Nova politica para as Reservas Estratégicas
- - Paralisacao da rede de Producao e de Petroleo :
SECULO XXI » Criacdo de Reservas Estratégicas de Gas

Distribuic&o de energia
* Black-out’s
* Volatilidade extrema dos precos
* Ameaca climatica
 Factor demografico
* Insustentabilidade do modelo
energeético actual

* Diversificacao das fontes de abastecimento
(eixo Mediterranico/Atlantico/Asia Central)

« Integracéo de China e india na Agéncia
Internacional de Energia

» Construcédo do MERCADO Unico Integrado
Europeu de Energia

29 Agosto 2017
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The integrated shock

COLLAPSE
of Drilling
Platforms

Economic
breakdowns

COLLAPSE
of Refineries

KATRINA

Energy
Insecurity

COLLAPSE
of Pipelines

Increase

Universidade de Verdao PSD 2017
Antonio Costa Silva — Presidente da Comissao Executiva
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O Problema é que a Europa

€ um Anao politico e falha
na LIDERANCA

A Europa néo esta a

Um MERCADO ABERTO e
conseguir construir o

COMPETITIVO é hoje uma

guestao de Seguranca MERCADO ENERGETICO Mercado Europeu Integrado
energética de Energia
9 EUROPEU |
» Mercado do Carvao e do Agco em 1956
*Tratado EURATOM em 1956
 Energia inscrita na Matriz
Energética da Europa
A Europa da Energia esta * N&o ha uma Politica integrada e um Regresso dos
prisioneira dos Monopdlios e Mercado Unico de Energia proteccionismos nacionais
a liberalizagcao MARCA * Franca
* Espanha

PASSO

O Dominio dos monopdlios
em alguns paises é
ESMAGADOR
* E.on e Ruhr-60%

* GdF — 70%

O refor¢co dos monopolios
distorce o Mercado

29 Agosto 2017 58
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GOOGLE / HIGH-TECH

+ 12th January 2010: attack by
Chinese hackers

* Web is not a safe place

* Flame in 2012 rendered
Iranian computers useless

CYBER SECURITY
BUSINESS

* Growing fast: 12 billion $ in
us

* Snowden effect

* Credibility test

MASK ATTACK 2014

* Internal security company
Kaspersky Lab uncovered

* From Spanish-speaking

* Target oil & gas companies

» Dormant since 2007

» Heartbleed, detected in 2014,
has been on web services
stealing passwords and personal
information

* Numerous flaws in complex
softwares

CYBER ATTACKS

* One of the most potent and
deadly problems of XXI
century

* Oil & gas investments one
of most exposed

» Heterogeneity of geographic
threats

2012/2013 CYBER
ATTACKS

» Saudi Aramco: 15th August 30,000
computers paralyzed

» Exxon/Shell/Rosneft/Gasprom/
attacks in July by Group Anonymous

» E-Bay in 2013 told its users to
change passwords after services
being crashed

MANDIANT STUDY 2013

* State-sponsored hacking

» Dozens of US oil & gas
companies and facilities
attacked

 Tracking to a Chinese military
unit in Xangai

FUTURE

» Targets will be even wider

» Natural computer process on watches,
thermostats, cars

* Internet of things

» Potential consequences: stolen data,
crash of communications, crash of cars

» The car is becoming a more connected
device could be next victim

» Need of a New Security model

* DARPA initiative on automate-
cybersecurity (sensors on computer
systems)

» Role of information takes new forms




COMO LIDAR COM A INFORMACAO DILUVIANA
CARACTERISTICA DO NOSSO TEMPO?

2005
 Mundo produziu 150
Aumento 8 vezes
Eﬁglrjggt;ségedigital em 5 anos * O mundo produziu
1 200 Exabytes de

2010

« 1 Exabyte =1 000
milhdes de Gigabytes

informacao

CONSEQUENCIAS

« Espécie de Lei de Moore acelerada para a informacéo

« Ainformacao passou da escassez a super-abundancia em pouco tempo

A gestado dainformacéao é crucial para o exercicio da Engenharia moderna
« Transformar informacao em conhecimento

« Minas digitais e campos digitais de petréleo e gas

 As implicagcdes para a compreensao dos sistemas complexos e parao

processo de decisao
Universidade de Verédo PSD 2017

29 Agosto 2017 Antdnio Costa Silva — Presidente da Comissdo Executiva 60



CHANGE OF PARADIGM

» Most markets of commercial
security software focused on fast-
spreading viruses (worms)

» Today more advanced,
sophisticated, silent attacks

» Hackers download malware in
stages, often leaving it dormant for
months eluding detection systems

29 Agosto 2017

CYBER SECURITY TODAY

* Not only to stop spies and hackers

* Protect IT systems

* Protect/Safeguard information

* Need of MORE PREDICTIVE
approach to Computer Network
Protection

* Credibility/loyalty issues

* Links to Intelligence Services

CYBERSECURITY
IN ORGANIZATIONS

_ 4

Universidade de Verdo PSD 2017

Antonio Costa Silva — Presidente da Comissao Executiva

NEW PARADIGM
(Fire Eye approach)

* A system that replicates a client’s
network on a series of virtual
machines

* When malware attacks, the virtual
machines speed up computer time
to show in microseconds the
effects on short/medium/long time

* Quickly a counter attack is
determined to beat malware
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0&G INDUSTRY - 2015 OUTLOOK

Resulting in the 2" Largest Qil Price Crash in History

30-Year Monthly History of WTI Prices

NYMEX WTI (3/bbl)
160

2008-2009: Global
financial crisis

7 month
duration

1986: Saudi Arabia @
increases production 2014-2015;

A Current sell off;
; ;
0 regain market share Gzooo-zom: Weakened U.S. economy, duration???

increases in non-OPEC preduction, 6 month
September 11" attack in 2001 duration

[0)

2006-2007: By mid-'06, crude traded

th !

55 ‘_g?onn over US$79/bbl, setting an all-time
record. High prices substantially cut
growth of world oil demand

(5]

1997-98: Asian crisis
drives oil price collapse
0

1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

065% WTI Decrease 054% WTI Decrease eha% WTI Decrease % WTI Decrease e70% WTI Decrease 0}3% WTI Decrease (so far)
11/29/85: $29.75/bbl 1/31/97: $24.15/hbl 11/20/00: $33.82/bbl 7/31/06: $74.40/bbl 6/30/08: $140.00/bbl 6/20/14: $107.26/bbl
3/31/86: $10.42/bbl 11/30/98: $11.22/bb1  11/30/01: $19.44/bbl 1/31/07: $58.14/bbl 1/30/09: $41.68/bbl 1/9/15; $48.99/bbl

Saurce Bloomberg as of January 9, 2014
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LEVEL of
INVENTORIES

* US stockpiles
* Europe stockpiles
* Asia stockpiles

“THE DOLLAR
EFFECT”

* Negative correlation
oil prices vs. Dollar
value

Effect of US Federal

Reserve Policy

29 Agosto 2017

BALANCE
SUPPLY/DEMAND

+2015: 2 MB/D
oversupply

* OPEC

* IRAN

* USA

OIL PRICES

EXPLICATIVE FACTORS

OIL MARKET
CYCLES

*CONTANGO cycle:
future prices higher
than today prices

SPECULATION in OIL
and COMMODITIES
MARKETS

*Sudden sales of net
positions

*Backwardation cycle:

today prices higher
than futures

*Market perception

TECHNOLOGICAL
BREAKTHROUGHS

* Shale Gas and
Shale Oil
revolution

* New reserves

* New generating
capacity

* New paradigm

GEOPOLITICAL
EFFECTS

*OPEC policies
«Consumers policies

Instability in key oil
producers

*Terrorism attacks

*More strong when
supply/demand Balance
is tight




“2008 and 2014 CRASHES and DEMAND CHANGE”

Comparison of relative price declines GDP and oil demand changes

120 7 3-5 7 — 50/’0
g g 307 - 4%
~ 100 - -

1 s 2.5 -
8 = - 3% o
T 201 X
% 7 el L 29 €
2 5 15 8
S : 0
2 60 - S 1.0 - - 1%
x £ o
Q L 0.5 - ©
o =y - 0% 3
el S =
@ £ 0.0 - <
o o
£ = - 1%
20 7 g _0_5 .
< - 2%
-1.0 -
D T T T J T T T T T T T T 1 5 30/
1.5 - L .39
0 25 50 75 100 125 150 '.I?5 200 225 250 275 300 R YR SR A SR SRS
Days from price peak S S D DT DT DT DT O DO
—2008 crash —2014 crash m= Demand change = GDP

Source: Argus Source: Wood Mackenzie
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Analysis Sheikhs v shale

*More complex situation
eSaudi Arabia Role
eErosion of OPEC influence
*No control on Non-OPEC
production
elran in difficulties
*Russia, Iran, Venezuela and Nigeria
need oil above 100 USSbbl to avoid
huge fiscal deficits
eUndermine competitor advantages
including alternative energies
*But economics of shale oil is very
flexible
*Break-even: 57 to 65 USS/bbl
eBased on wells
eInvestment one well: 1.5 M USS
eGain in productivity:

US economic pragmatism Source: The Economist, 06-12 December 2014
eIn the long-term shale industry may
prevail

Universidade de Verdo PSD 2017
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0 “ACUMULADO .
HISTORICO” EVITAR A EROSAQ e as

FRACTURAS
* O crash de precos em 1986 e

a politica saudita de ampliar a * Coesdo
sua “share” no mercado * Disciplina

« A OPEP levou 20 anos a * Unidade de propdsito

recuperar a sua quota-parte * Barreiras de entrada
do mercado

* A sindrome de Jacarta de
1998

* A resposta a queda dos precos
de 2008

O PAPEL da OPEP e da
ARABIA SAUDITA

A REVOLUCAO do “SHALE”

e as IMPLICACOES

* EUA a disputar com Arabia
Saudita o 12 lugar de produtor
mundial
* A flexibilidade do “Shale
Model” AS MUDANCAS OCORRIDAS
* Arabia Saudita ja ndo é o Unico
“swing producer”, o Banco
Mundial do Petrdleo

* O novo paradigma de projecto
com pouca intensidade de

capital a cabeca e mais custos
varidveis * O paradigma da crise de 2003 na
" e Venezuela é passado
* 0 “rig count” é ilusério: 70%
dos pocgos sao responsaveis por
30% da produgdo

* Novos “players” no mercado fora
da OPEP

* Producao OPEP e ndao-OPEP estao

* Existem 2 000 pogos de dleo e hoje no patamar méaximo

2 500 de gas em “stand-by”

A POLITICA SAUDITA de AUMENTO da
PRODUCAO e AMPLIACAO de SHARE
do MERCADO TEM CONSEQUENCIAS

* A flexibilidade do “Shale Model” retarda
um equilibrio do mercado

* O “oversupply” de 2 MB/D mantém-se ha
16 meses consecutivos

* Deslocacdo do custo marginal do deep-
offshore para o shale (Angola/Brasil/
/Nigéria afectados)

* Situagdo dificil de muitos paises da OPEP
com perda de receitas

» Dificuldades orcamentais na Venezuela,
Nigéria, Argélia, Iraque, Irdo

* Ameacga a coesdo da OPEP

* A Arabia Saudita e outros paises do Golfo
também estdo a sofrer erosdo das
reservas monetarias

ATE QUANDO?

* Sauditas tinham 800 billion USS de
reservas monetarias

* S6 em 2015 a erosdo chega aos 85 billion
uss

* Sauditas estdo a retirar investimentos em
activos no Ocidente

* Sauditas tém muitos criticos dentro e fora
da OPEP

* Se 0 “oversupply” se mantiver até finais de
2015 e inicic de 2016 os sauditas podem
reconsiderar

* Vai ser dificil assumir politica diferente sem
uma roupagem que defenda o orgulho




“FUTURE EVOLUTION of OIL PRICES”

Crude prices strengthen sharply from 2017 due to lower investments
in the short term reduces supply growth

OPEC spare capacity widens
and North American
production increases strongly.
OPEC competes for market
share

Oil demand growth resumes and
OPEC spare capacity narrows.
Outages limit supply growth

100.00 -

80.00 -

Supply/demand balance tightens.
%{]_Uu | Higher cost of developing new
supply to meet growing demand

lifts price outlook
40.00 -

Economic problems result in Low prices necessary to

20.00 - delays to investment in reduce investments and
production capacity and limit supply growth. Market
OPEC restricts supply struggles to find equilibrium

000
S g8

R N M N N e

Source: History Argus, Forecast - Wood Mackenzie

Universidade de Verao PSD 2017
29 Agosto 2017 Anténio Costa Silva — Presidente da Comissao Executiva




Universidade de Verao

A TRANSICAO ENERGETICA e o PAPEL das ENERGIAS
RENOVAVEIS
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Primary energy world consumption
Million tonnes oil equivalent

¥ Coal 14000
B Renewables

B Hydroelectricity

I Nuclear energy

W Natural gas
el

90 91 92 93 94 95 96

97 98 99 00 01 02

03 04 05 0O6 07 08 09 10 11 12 13 14 15 0

BP Statistical Review of World Energy 2016
© BP p.l.c. 2016
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Key Conventional Exploration Trends

» Global Discovered Volumes = Global Creaming Curve
160 3,500
& 140 M cas 3 3 000
S M oil -
c 120 a8
S - 2500
T 100 I o
— m .
g 2 2000 Discovery
80
3 o trend = 25
0 5 1,5007
S 60 it mmboe / well
@
E . S 1) £
3 =)
= —
20 \ sou/
U -~ - 0 T T T T T T 1
1960 1970 1980 1000 2000 2010 1960 1970 1980 1990 2000 2010 2020
Discovery year Discovery year
Source: Wood Mackenzie. Conventional volumes only by year of discovery well complation Source : Wood Mackenzie 2017

Global discovered volumes at an all time low

2016 saw the lowest volume of oil and gas discoveries since 1947
On a per well basis, discovered volumes are consistent
Exploration Inventories are being threshed

Global Exploration CAPEX has dropped 60% from $100bn (2014) to $40bn

Source: 2017 Gaffney Cline & Associates 71



Global Proved Reserves : Over- Abundance ?

BP Global Proved Reserves 1995 - 2015
OPEC vs NON-OPEC

1800.0

B OPEC Nen-OPEC

1600.0

1400.0

1200.0

%

E 1000.0

% 200.0

5

é &00.0

E 400.0

Source : Gaffney Cline and Associates, 2017

J Global Proved Reserves : 1.7 Trillion barrels
J  Cumulative Oil Demand to 2040* 1.01 Trillion barrels

* (2% growth in production to 2020 and 1% thereafter)
**(97MMBbl/day)

Current proved reserves will last until 2063**

Source: 2017 Gaffney Cline & Associates 72



Global Break Evens : $/boe

75
Canadian Oil Sands @

70

65 European Offshore @@
[ Brazil DW i
m
e 60 Nigeria DW
%
8 55 Niobrara o
& Angola
= Bakken ®
S 50 4 D WTI
S GoM DW* Eagleford @ $49/bbl
@
E 45
S Senegal Guyana
%‘:40 Bone Spring ® ®
S Russia Avalon Wolfcamp
< 35 -

Onshore ina
OPEC Source : Gaffney Cline and Associates, 2017

o
o

Cumulative Production (million b/d)

Breakevens have been squeezed : Fight to the bottom

Source: 2017 Gaffney Cline & Associaies 73



Primary energy regional consumption by fuel 2015

Percentage

M Coal M Nuclear energy

M Renewables W Natural gas

B Hydroelectricity m Qil
100
90
80
70
60
50
40
30
20
10

North America S. & Cent. America Europe & Eurasia Middle East Africa Asia Pacific 0

BP Statistical Review of World Energy 2016
© BP p.l.c. 2016
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Industrialisation and growing power demand...

By region By primary use By fuel
Billion toe Billion toe Billion toe
18 18 18
Renew.*
15 15 = Hydro

P Nuclear

12
Power
9 generatfﬂ_
3
0

1990 2010 2030 1990 2010 2030 1990 2010 2030

Source: BP Statistical Review 2016 * | n C| u d es bl ofu e | S




Non-fossil fuels growth is led by renewables in the OECD...

OECD Non-OECD

Billion toe Billion toe

2.0 2.0
® Renewables

m Biofuels
1.5 1.5
m Hydro

= Nuclear

1.0 1.0
0.5 0.5
0.0 0.0

1990 2000 2010 2020 2030 1990 2000 2010 2020 2030

Source: BP Statistical Review 2016




Renewables growth

Wind and solar growth
Annual change, TWh
140
aWind w5Solar
120

100

i

2006 2007 2008 2011 2013 2015

Shares of solar growth

100% l

80% - » Other
® China
60% - Japan
0% S
nEU
20%
0%

2010 2011 2012 2013 2014 2015

Source: BP Statistical Review 2016




SOLAR CITY’s GIGAFACTORY in
BUFALLO / USA

Source: MIT Technology Review
Special Edition, 10 December 2016 78



OFFSHORE WIND

* Emerging Market

* Explosive growth in
Investment

* 8 GW installed in Europe and
12.7 GW globally (shallow
water)

* 5 GW expected next 18
months

* 74 offshore wind farms in 11
countries

* Picking-up also in US and
Japan

* Even larger potential in deep
water

OFFSHORE WIND POTENTIAL

(depths greater 40 meters)

Europe | 1000 GW
Japan 500 GW
USA 3 000 GW

HOW TO TAP THIS POTENTIAL

4

* High capital intensive

* Regulatory uncertainties
* Need to reduce costs

* Become competitive and
commercial (demonstration
and development projects)

OFFSHORE RENEWABLES

CHALLENGES

* Technologies to be successful
proven

* Can innovation bring
technologies to commercial
development?

* Need of further full-scale

demonstrations (ex. wave and
tidal devices)

* Projects are capital intensive and
need to attract private sector

* Need to reduce costs to become
competitive

* Public policies driven by low
carbon technologies may help

* Need to sufficient development
in the whole supply chain

* Development of electrical grid
to accommodate marine
resources (remote locations)

* Decarbonisation

* Job creation
* Complement to other renewables

&

OCEAN WAVE
ENERGY

* Resource potential of ocean huge

* Ocean waves, Tidal currents, Tidal
range, Deep Currents, Thermal
Gradients, Changes in Salinity

* Infancy of marine technologies
* Need strong costs reductions

* Option viable if constraints on
Nuclear Energy and CCS confirmed

* US wave energy potential amounts
to 2 640 Twh/year

* US total recoverable resource
along US shelf is 1 170 Twh/year

* 1170 Twh/year is 1/3 of 4 000
Twh of electricity used in US each
year

OCEAN WAVE ENERGY POTENTIAL

* Estimates range from 20 000 Twh
to 80 000 Twh

* This represents between 100% to
400% of current global demand for
electricity

TECHNOLOGIES

* Highly diverse / variety

* Differences near-shore, offshore
and far-offshore

* 4 basic applications: terminator
devices, attenuators, point
absorber, overtopping

79
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Impacto Econdmico da Dependéncia Excessivade Combustiveis Fosseis
Factura Energética em Portugal

Milhoes de Euros

Fonte: DGEG

Universidade de Verao PSD 2017
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Evolucédo do Consumo de Petroleo em Portugal

Consumo (Milhares de barris/dia)

Fonte: BP Statistical Review of World Energy — Junho 2011
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Evolucédo do Consumo de Gas Natural em Portugal

Consumo (Mil Milh6es m3/Ano)

Fonte: BP Statistical Review of World Energy — Junho 2011
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Peso da Importacédo dos Produtos Energéticos
no PIBpm (€)

2000 2001 2002 2003 2004 2005 2006 2007 2008

Importag &o total Saldo Importador

Fonte: DGEG
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Fontes de Energia Primaria
Portugal, 2010

Renovaveis: 28%

Biomassa

e residuos
17%

Hidrica
eol. geot.
11%

Elect.
(saldo imp.)
1%

Gas natural
20%

Petréleo (*)
43%

(*) Excluindo utilizagbes nao energéticas

Fonte: Prof. José Sucena Paiva

Uni idade de Verdo PSD 2017
20 Agosto 2017 niversidade de Verao . PARTEX

Antonio Costa Silva — Presidente da Comissao Executiva
OIL AND GAS



CLUSTER

PLANO NACIONAL PARA
A RACIONALIZAGAO DO
USO DA ENERGIA

A QUESTAO ENERGETICA E UMA
QUESTAO DE CIDADANIA

e EDUCAR os CONSUMIDORES
e MUDANCA de HABTIOS
e MINIMIZAR DESPERDICIOS

PLANEAMENTO
INTEGRADO DO TERRITORIO

* AS CIDADES

~* OESPACO RURAL DEBATER

O NUCLEAR

29 Agosto 2017

O que fazer em Portugal

APOSTA CLARA NO CLUSTER
DAS ENERGIAS RENOVAVEIS

« EOLICA
 HIDRICA
« SOLAR

a *© BIOMASSA

UM NOVO MODELO
DE TRANSPORTES

EFICIENCIA ENERGETICA
« EDIFiCIOS
« PARQUE AUTOMOVEL
_* INSTALACOES




MATRIZ ENERGETICA: PORTUGAL e MUNDO

SITUACAO
ENERGIAS G VANTAGENS DESVANTAGENS FUTURO
ACTUAL
43% do consumo de .
: L - Declinio da sua
energia priméria do Competitivo mas Poluente dominacso
= pais precos a subirem Preco a subir .
PETROL EO Dominante no Dependéncia de . anos:‘seguu,j,os a
. - ; NS perder “Share
sistema de Versatilidade paises instaveis
transportes

20% do consumo de Procura estavel ou em
energia primaria do ascensédo Idade dourada do gés

A ais Reservas abundantes Menos poluente dos Combustivel de
GAS NATURAL b ’

Importante para a Preco competitivo combustiveis fésseis transicéo e destino
geracéo eléctricae 30% mais eficiente que
térmica 0 carvao

8% do consumo de R " s
energia primaria do ES?AE Cﬁ?n% aetces 0s
CARVAO P ’ e Muito poluente Em declinio
Importante para a "
geracio eléctrica e Competitivo
térmica

N&o existe em

Portugal - . Reactores de 42

Arrefecimento na sua Energia limpa, sem Crzziield Bom nesltlLes Geracao mais seguros

utilizacdo depois do emissées de CO, Lad|oact|vo~s mas ainda nao
NUCLEAR desastre de Competitividade do S;e?j?;r[])a;;ao coma comerciais

Fukushima ponto de vista 9 14 ITER/Fus&o Nuclear

Ha 440 centrais e Integragao narede (2050)

nucleares no mundo: eléctrica nacional

Franca 75% da

electricidade




ENERGIAS

ENERGIAS
RENOVAVEIS

EOLICA

HIDRICA
(incluindo a PRE)

SOLAR TERMICA

FOTOVOLTAICA

SITUACAO
ACTUAL

A producéo
doméstica
renovavel
representa 28% do
consumo da
energia priméria

4081 MW de
poténcia instalada
em Portugal
Contribuicdo
importante para a
geracao eléctrica

5390 MW de
poténcia instalada
(Mini-hidrica 410
MW)

Pouca penetragdo no
pais

250 000 m2 de
painéis solares

Progresso lento e
hesitante

Opcao grandes
centrais de Moura e
Serpa nao é correcta
Objectivo do PNAEE
de 164 MW até 2015

VANTAGENS

Recursos
endogenos
Diversificacdo da
matriz energética
Menor dependéncia
do exterior

Recursos enddgenos
Energia limpa
Reducéo dos custos
de producéo

Ja é competitiva com
gas natural e carvédo

Competitividade do
ponto de vista
econdémico
Energia limpa

Potencial do pais
elevado (3 000 horas
de exposicao solar)
Reducéo custos de
producdo nos ultimos
anos

Opcao so é aceitavel
no ambito da
producao
descentralizada de
energia em regime de
micro-producao

DESVANTAGENS

Preocupacgédo com a
competitividade
econdmica de algumas
energias renovaveis
Intermiténcia

Intermiténcia
Necessidade de back-up
das centrais
convencionais

Competitividade
econdmica
Intermiténcia

Producéo fotovoltaica
centralizada ndo melhora
eficiéncia do sistema
electro- produtor
Desperdicio no
transporte e distribuicao
de energia

FUTURO

Maior papel das
energias
renovaveis

Uso das redes
inteligentes para
lidar com a
intermiténcia

O seu papel esta
em ascensao
Preco do petréleo
mais elevado
viabiliza a sua
utilizacao

Apenas 50% da

capacidade hidrica
nacional é utilizada

Em ascenséo

Em ascenséo
Mais | & D




SITUACAO

ACTUAL VANTAGENS DESVANTAGENS FUTURO

ENERGIAS

Necessidade Recurso endégeno
ampliar a sua Aproveitamento

gg:’lszig?)(()arto 35% b:)on:J?assgezxr?o interior ~2UE E2 fUEniEareo
? populag da biomassa florestal

BIOMASSA por ror?sta e cria emprego et Em ascens&o
Producéo 7 Mt Permite tratar a fe
a : econdémica
residuos por ano floresta e prevenir
Poténcia instalada incéndios
insuficiente

Necessidade
ampliar a sua

llizaca : INETI tem
utilizacéo Recurso endogeno

Pais tem terrenos Oferta de mais uma experiencia de 25

. 5 ~ anos no
em pousio solucéo parao « A selecgdo das culturas it N
problema dos é critica aproveitamento

i subsidiados que .
B IOCOMBUSTIVEIS < transportes Evitar competigéo com de mlcro-algas

podem ser .
: e 3 ) ara fabrico de
aproveitados Diminuir a necessidade culturas alimentares P

é fortemente petréleo .
O Ty Baixa emissées de CO, Mais | & D

cereais

Criagdo de zonas
piloto com potencial Portugal tem das
de exploracéao até melhores zonas .
. + As tecnologias
250 MW costeiras para o . ~
conhecidas estdo ainda

ENERGIA das Central piloto aproveitamento deste a nivel experimental
onshore do Pico recurso P Mais | & D

ONDAS (Acores) com 400 Energia limpa
KW
Tecnologia Pelamis
em teste na Pévoa
do Varzim

Competitividade
econdmica




PORTUGAL: O PROBLEMA-CHAVE DOS TRANSPORTES

» Sector dos transportes consome 36% do total da energia final;

» Transportes rodoviarios concentram 33% deste consumo e correspondem a um
Consumo Energético Intensivo fortemente dependente dos combustiveis fosseis;
« Geram um desperdicio colossal;

.

TRANSPORTES SAO O PRINCIPAL
PROBLEMA ENERGETICO DO PAIS

* O problema agravou-se entre 1990 e 2004: aumento de consumo de 4.5% ao
ano com a expansao do parque automovel;

* Nos ultimos anos verificou-se tendéncia ligeira para a redugao do consumo
devido aos aumentos dos precos dos combustiveis: necessidade de
consolidacao desta tendéncia.
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TRANSPORTATION

» Penetration of gas in boats (LNG),
trucks and taxi fleets (US)

* Growing share of electric cars

Internal combustion engines fighting
for survival

* Similar to telecommunications
revolution

+ Self-driving cars with technologies of
information

POWER GENERATION

* Innovation and Emerging
Technologies

* Distributed Generation
» Evolving power business models

New services on demand
response, supply, storage, energy
efficiency

Competition based on algorithms,
sensors, processing power —the
internet model

TECHNOLOGIES and RISKS

* Disruptive technologies on
storage, intelligent consumption,
energy efficiency

- Batteries

* Cyber and Energy Infrastructure
Security

* A New Face of Risks

WORLD ENERGY MATRIX

More gas
More renewables
* Less coal

ENERGY 2030

* A VISION of the 2030 WORLD from
the MANY “POSSIBLE WORLDS”
CONTAINED in TODAY’s REALITY

*4 MAJOR TRENDS:
Electrification
Decarbonization
Optimization
Localization

CLIMATE CHANGE

Decarbonization
Clean technologies
Role of China
Post-Paris

Strategic responses to low
carbon agenda

OIL MARKET

Declining oil share

Ability to reduce and control
costs

How to compete in a low oil
price world

GAS MARKET

Ascension of gas

LNG as a driving force of gas
market globalization

Gas less polluent of fossil
fuels

RENEWABLES

Growing share of world energy
mix
5% in 2015 to 20/25% in 2050

Solar costs reduced : 75% in 6
years

Role of venture capital

Ocean power: “a hidden” energy
machine

MARKETS and
BUSINESS MODELS

Globalization of gas
market

Improve capital efficiency
Capital markets and
Energy Investment




Global energy summary: demand expected to slow across outlooks

Asia Pacific still expected to drive demand growth, but focus shifts to India and Other Asia

Global primary energy demand 1990-2040

World Primary Energy Demand (Mtoe)

20,000 -

18,000 -

16,000

14,000

Global demand summary: over 1990-2016,
primary energy demand increased by 2% pa
driven by China and Asia Pacific. /

While total demand growth is expected to slow —_—
<1% pa through 2035, emerging markets in Asia -
Pacific are set to transform into major sources
of gas, oil, and coal demand growth.

Growth shifts to new markets;
share of demand growth 2016-
2035 (WM EMS average):

12,000 - ) China: 23%
' Other Asia: 19%
....but structural reform in China leads India: 27%
to a step-change in global energy
10,000 - _ demand and supply (WM EMS)
' China overtakes the US as the
largest energy market globally...
8,000 T . . . : : | : : :
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040

—BF  e—EA XKOM w0 EMS

Source: Wood Mackenzie / IEA | BP /| XOM
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It’'s no longer just about China: Other AP, India, and the Middle East

emerge as future growth drivers

But, forecasts disagree on the ultimate size of growth markets

2035 Total Primary Energy Demand (TPED) by region

China

N.AmM™**

Other AP

Eur*

India

R&C

MidEast

S.Am

Afr

Source: Wood Mackenzie / IEA | BP / XOM. *IEA data for Europe OECD; WM EMS / XOM EU-28; **N. America |EA,

Forecasts disagree on
the size of China’s
energy market by
2035...

...and growth shifts to
Other Asia Pacific,
India, the Middle East
and Africa — with no
consensus on which
markets compensate
for a slowdown in
China

1000

WM EMS

2000

mXOM

3000

4000

IEANP mBP

5000

Americas OECD. Other AP derived by deducting China, India demand from Asia Pacific.

30%

25%

20%

15%

10%

5%

0%

BP forecasts that China g
will have a 28% share (|
of global energy M
demand by 2035...

...and BP also has the i
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O NOVO PARADIGMA ENERGETICO
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TRANSPORTATION
BUILDINGS Emerging Technologies: SYSTEMS

* Lighting 20% of world electricity Decarbonisation Economy
* LED/ SSL

 Batteries and plug-in cars
* Electric vehicles

* Buildings: context * Energy Efficiency * Advanced biofuels
* Energetic Performance « Economic Competitiveness + Natural gas vehicles
* "Zero-Energy Homes"

- Micro-generation

* Evolving smart grids
» Advances in internal combustion
* Increasing fuel efficiency
* Advanced diesels
* New lighter materials
» Chemical Propulsion:
- Space Industry

* Security
* Environmental Sustainability

ELECTRICAL AND THERMAL
GENERATION

» Sequestration and storage of CO2:
- Post-Combustion
- Pre-Combustion
- Oxy-Fuel
* Electricity 30% plus expensive “SMART GRIDS”
- Production / Storage of Energy "CLEAN COAL" FutureGen (USA):
- Energy Efficiency 1st Integrated Central * Producer / Consumgr _
* New techniques to process - Electricity Production * Decentralized and distributed

hydrocarbons + Hydrogen with CO2 sequestration networks
» Coal Gasification: Conversion in

gas (H + OC)
Hydrogen Production
Renewables: Wind / Solar /
Waves/ Geothermal / Biomass/
Nuclear Energy: 3rd and 4th
Generation

NANOTECHNOLOGIES
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PAST/PRESENT

* Send high voltages over long-
-distances to passive
customers

Main concerns: supply
electricity and meet peaks in
demand

Vertical Integrated

Big

Centralized

Regulated

High Costs

Deal with the most inefficient
part of the power industry:
the generating capacity that

is held in reserves to meet
Peak Demand

Old Business Model of
delivering through the grid
over long-distances is in
retreat

Need to take a long view

Model under pressure: new
entrants and new forms of
STORAGE and GENERATION
are “eating” the OLD
Business Model

Analogy to computing
industry: switch from main
frames and terminals to
CLOUD STORAGE and the
Internet

* Need to do new things and
respond to COMPETITION

NEW ENERGY LANDSCAPE

* Era of abundance in Energy

* Revolution of shale gas and
shale oil

* Abundant gas reserves (2 to 3 x
conventional)

* Renewables playing an
increasing role

* Solar energy impressive cost
reduction (75% decline last 6
years)

* The “Hawaii” core example

* Technological breakthroughs
in Storage, Energy Efficiency,
Management of Demand,
Intelligent Consumption

* The revolution of “NegaWatts”:
the unused electricity

* Clever technology with
increased efficiency is shaping
the future

* Capital markets more tilted in
financing solar, storage, energy
efficiency

* Costs of pollution:
“decarbonisation”

* Demand for energy: increase
37% over next 25 years
(“Internet of the Things” ; new
devices to be connected)

New Entrants

Services provided:
* Demand response
* Supply

* Storage

* Energy efficiency

Competitive Advantages
(the Internet Model”

Algorithms
Sensors
Processing power
Good Marketing

* Cheaper power + better storage +
increased resilience: shape the grid
of the future

* Transmission costs for electricity are
declining

* Energy efficiency + Renewables +
shale gas provide abundance of
energy, accessible with new
technologies

* More effective management of
supply and demand: sensors,
computer power and algorithms

* Pressure and changes on Business
Models: Management of demand
response; microgrids; “Prosumers”

* Storage business is booming:
biggest advantage avoids need of
generating capacity held in reserves
to meet peak demand

* 1 Mw of storage replaces 10 Mw of
such generating capacity

* Batteries approaching crucial
benchmark: cost of storage 100
USS/Kwh

PRESENT/FUTURE




Nanotechnologies: Building Nanostructures to fabricate very Tiny Shapes

e TR

Using a macroscak

model Zharg
shows off hs
chaver tnck for -
Source: MIT Technology Review
makng complex Special Edition, 10 December 2016
NanCEtruchures
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GRAPHENE

Applications

Biomedical Sensors Electronics

Universidade de Verao PSD 2017
29 Agosto 2017 Anténio Costa Silva — Presidente da Comissao Executiva 100



AVIOES COMERCIAIS

Novas Configuragfes, com novos materiais

VOO SUPERSONICO
SKBEEMR Com novos sistemas de propulséo —

ramjet e cramjet?
101
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LOCAL MOTORS

Meet the World’s First 3D-Printed Car

The world’s first 3D-printed car, the Local Motors Strati, demonstrates the
power of using direct digital manufacturing (DDM) + the Factory of the Future

to disrupt the manufacturing and auto world as we know it

(Local Motors)

electric car Local Motors
Cincinnati Incorporated Oak Ridge National Laboratory.[2
[3]

International

ORNL
Manufacturing Technology Show in Chicaqgo, lllinois
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DESIGN

CIRCULAR ECONOMY

* New Mind Set for Raw Materials Use
and Re-use

* Need of a PARADIGM SHIFT

* From DESIGN to Disposal and
Waste Management

»_e Triple Wins: Economic/Environmental/
\ Social 'I

CONSUMPTION
e Use

* Re-use

* Repair
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ENVIRONMENTAL GAINS

Repair and recycling of products
Change paradigm of “exponential”
depletion of resources

Change habits

Avoid deterioration of earth’s climatic
system

Convert garbage into resources

ECONOMIC GAINS

Efficient use of raw materials

Products design to faster re-use of
materials

More efficiency in all segments of
industrial chain

CIRCULAR
ECONOMY
TRIPLE WINS

SOCIAL GAINS

* Prevent waste
* Improve waste management

* Build citizen mindset more sensitive to
sustainable depletion of resources

104
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CITIES are BEST
INVENTION of MAN

* Mark death of distance

* Rotating platform for markets and
cultures

» Connect human capital
* Cities are main drivers of innovation

CHALLENGES for FUTURE THE NEED of a
CITIES PARADIGM SHIFT for

* More sustainable models WORLD CITIES

* Address energy security - Cities occupy 2% of planet
* Smart grids surface
* New model for mobility *50% of world population
* There is no sustainability for future « Consume 75% of energy
without a new vision for the produced
development of more intelligent cities - Responsible for 80% of CO,
* Sustainability is a multidimensional emissions
concept and needs to question the
excess of the constant growth logic
and fight the waste of resources

CITIES with CURRENT
LANDSCAPE IMPLY
HUGE RISKS

Frenetic urban growth

« Difficulties in resources
management

Drivers of atmospheric pollution
* “Heat-Islands”
Negative impact on earth climatic
system
Key issue: transport system

NEW MODEL for CITIES

* Water management
* Energy management
* Residuals treatment

* New role of transport system based
on public transport + electric cars +
evaporation of traffic jams

* New modes of access and distribution
of resources
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Shenzhen

:




Supply Chains

== Apple iPhone

== Laptop Computer
w= Levis Jeans

== Pharmaceuticals
== Toyota Cars




Energy Road Map and Solutions:
Many Possible Paths Leading to Same “Destination”

Natural Gas
\ Internal
Corn —p  Ethanol > Combustion
. > Engine
~~ Gasoline

Crude Ol _/
™ Diesel v

Wind
Air
(Oxygen) I
Water -\
Nuclear .
—> Electr|C|ty —> Hydrogen = Fuel Cell = Electricity
Power
Motor
Uranium

Battery
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RISE OF THE AUTOMOTIVE PATENT TECH WARS

Top automotive-related technology areas (Number of published patent applications and granted patents)

Engineand ’

Gl
2011 : 2006 : % change
15,301 : 12,346 4 24%

{ Alternative powered "
| vehicles )

2011 : 2006 : % change
22,255 7904 : 4 182%

2011 : 2006 : % chang
7383 : 5484 : 4 35%

29 Agosto 2017

Steering
\ systems )

2011 : 2006 : % change
6,776 : 5248 : A “9%

2011 2006 : % change
13,221 : 9,275 : & 43%

Transmission

a\ systems
2011 : 2006 : % change
7569 - 5124 - & 48%

Seats, seatbelts
\ and airbags

2011

Braking :
\ systems ,

2011 : 2006 : 9% change

5,525 : 4013 : & 38%

| systems

2011 : 2006 : % change

5777 3742 : & S54%

- e
J\ systems )

2011 2006 : % change :

10,829 : 8584 : 4

: Cleantech

Electric car patents
in Europe

Number

2008 09 10

. US hybrid or electric

car patents
Number (quarterly )

100
80

60

i W

0
2002 04 06 08 10 1213

i Sources: Thamson Reuters Datastraam; Bloomberg:

Photo: Dreamstime FT graphic




TOYOTA

The world’s largest automaker is finally getting serious about self-driving technologies

Source: MIT Technology Review Special Edition, 10 December 2016
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BAIDU na TRADUCAO SIMULTANEA e INTERFACES VOCAIS

— |CHINES

SO0 Ao A
t— ™ - et — W

o

Al WithChinese
Characteristics

Source: Bloomberg BusinessWeek 20-26 March 2017



INTERNET IMAGE CHALLENGE: DEEP-LEARNING APPLIED to
MANY DOMAINS

I Ever cleverer
Error rates on ImageNet Visual
Recognition Challenge, %

M gy

12 I

Source: The Economist, 25 June 2016

spurces: ImageNet; Stanford Vision Lab

Universidade de Verdo PSD 2017
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The '
Economist

Uberworld

The race to reinvent transport

>
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TRENDS

* Matching riders with drivers

« Offer transport services
without owning a single car

* Keep the lion’s share of profits

* Cost of expanding is lower
because does not own cars

* Success of peer-to-peer
services

» Pay access to things

SHORT-TERM

* Taxi Business

LONG TERM

* Potential of self-driving cars

* Revolution on personal transport

* Boundaries between private and
public transport

* Longer term autonomous vehicles

will drive the reinvention of transport
» Google test on autonomous cars in

Mountain View

* Start-up of NuTonomy in Singapore

CITIES LANDSCAPE WILL CHANGE

* Self-driving cars will make it cheaper and
more accessible

» OECD study model on Lisbon shows
autonomous cars reduce number by 80%/90%

* As car ownership declines an enormous
amount of space devoted to parking will be
released

* “Uber model” risks to transform the future of
personal transport and change cities
landscape

« Cities with more space, less cars, less
pollution

UBER BUSINESS MODEL

The price you've got to pay
Worldwide startups with a current valuation
of at least $1bn, at August 30th 2016
80
Uberg

(=)
(=}

® Didi Chuxing

Valuation, $bn
S
o

n
(=)

o— Lyft
T T T T T
0 5 10 15 20
Funding*, $bn

Sources: CB Insight;
company reports *Including debt and equity

* Founded in 2009 and today is the most
valuable start-up worth 70 billion US$

« Can summon acar in a few seconds in
more then 425 cites

DISRUPTIVE BUSINESS
MODEL

UBER at the intersection of 3
linked disruptive trends:

* Emergence of the Asset-light
business model

 Shift to the Sharing Economy

» Consumers (young people)
apply for access to the things
rather than own the things

CONSEQUENCES
for the FUTURE

* Disruptive business model

» Shaking-up the 100 billion US$
a year taxi business

* But using SELF-DRIVING CARS
may shaken world personal
transport market worth 10
trillion US$

A NEW MOSES COMPANY?

* Never reaching its promised
land

* Pioneer of new technological
trends do not manage always
to stay on top

* Nokia / BlackBerry
(smartphones)

+ KODAK (digital cameras)

* My Space (social networks)




Inside China's Ministry of Truth

Trump in trouble

“"% E C O n 0 m i S t Who are the'Niger Delta’Avengers?

The flaws in executive pay

JUNE 25TH-JULY 15T 2016 Motorcycles that f'y

March of th

ASPECIAL‘;REPakT ON Amn tN*’I‘GE“NCE i1 A Marcha das Mdquinas

. DEMONIOS OU FACILITADORES?

Source: The Economist, 25 June 2016 115



Each time the robot determines the best way to grasp and hold something,
it files that data away in a format other robots can use

7, Tol

Source: MIT Technology Review Special Edition, 10 December 2016
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Widespread Infrastructure Connectivity

Simplified Smart Grid Diagram

Nuclear
power ~_ Thermal
plant ‘i3 power
3 plant

. l‘f

Hydropower
generation

“._ Photovoltaic

=
=
o

Electric |
Cities and vehicle /

offices E . “’
&>

Wind generator

Source: BMI Research




Taiwan and the one-China fiction
The IS up against the wall in Mosul
E C O n O m l S t In praise of quinoa, millet and teff

Is there a bubble in the markets?

MARCH 11TH-17TH 2017

Qua;tum
P Isaps

@ The Economist, 11-17 March 2017
A mind-bending technology goes mainstream

Universidade de Verdao PSD 2017
Antonio Costa Silva — Presidente da Comissao Executiva




A ECONOMIA
PARTILHADA e NOVOS
MODELOS de NEGOCIO

» O “Asset-light” Model
* Modelo UBER
* A digitalizagdo da Economia

O DINHEIRO DIGITAL

A confianca digital

O BITCOIN

O Blockchain

Maior inclusdo Financeira
Maior Transparéncia
Combate a corrupcao

AS CIDADES
INTELIGENTES

Maior eficicia na utilizacdo de
recursos

Novos modelos de gestdo dos
transportes, agua, energia ,
residuos

AS NEUROTECNOLOGIAS

* O primeiro ser humano com
memo©ria artificial?

O primeiro ser humano cujo
genoma é desenhado e editado
a nascenc¢a?

A Interconectividade
Global

Telemoveis/Smartphones ao
alcance de todos

A presenca digital de grande
parte da Humanidade

SECULO XXI
AS IDEIAS QUE

PODEM MUDAR
O MUNDO

A INTERNET das COISAS

» A conectividade do carro, escritério,

casa, fabricas, aparelhos

» Maior eficiéncia na utilizacdo dos

recursos

* Aumento da produtividade
* Criacao de novos negdcios

A INTERNET nos OLHOS
DAS PESSOAS

A visdo como nova interface

Os 6culos da Google e o seu
impacto nos servigos, industria,
navegacao, educacgéao, lazer,
namoro

AS ROUPAS LIGADAS A
INTERNET

A tecnologia cada vez mais
pessoal

Cuidados de Saude
Tomar melhores decisdes

UM SUPER-COMPUTADOR
NO BOLSO de CADA PESSOA

Participacdo econdmica dos
mais desfavorecidos

Acesso a Educacéao/Skills

Expansédo do mercado / e-
commerce

Participacdo Civica

BIG DATA

Armazenamento e
processamento da informacao

A mudanca das profissdes:
Jornalistas/Médicos/Advogados

As Bases de dados
A extensdo da memoria pessoal

A Al na pesquisa e na tomada
de decisdes




OBRIGADO
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