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¢ Climate change & the role of fossil fuels

¢ Government response
¢ Fossil fuel company response
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Composition of GHG emissions
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CO2 contained 1n coal, o1l & gas varies

TOTAL GREENHOUSE GAS EMISSIONS Average CO2 emissions per kWh
of electricity produced in OECD

B Upstream [ Midstream [l Downstream g co, E0./BARREL CRUDE ‘
countries, 2009-2013
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Coking coal* 825

Other bituminous coal 875
V Sub-bituminous coal 945
Gas works gas* 335

Coke oven gas* 390
Blast fumace gas* 2390
Other recovered gases* 1570
‘ Oil shale* 1160

Iran Marun Natural gas 400
Crude oil* 645
Refinery gas* 415

iraq RungSsy Liquefied petroleum gases* 535
m Kerosene* 655
Gas/diesel oil* 725
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Source: IEA 2015, CO2 emissions
United Arab Emirates Fateh from fuel combustion: Highlights,

Second edition
Qatar Dukhan
Source: Carnegie Endowment, available at http://oci.carnegieendowment.org/#supply-chain
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The Paris Agreement

CLIMATE CHANGE (COP21)
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(Intended) Nationally Determined Contributions a step in the

right direction

(DNDC country assessments Global-mean
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Source: Climate Action Tracker, Accessible at www.climateactiontracker.org




Government policy responses

¢ Subsidies

¢ Carbon pricin .
P & ¢ Countries around the world

¢ Incentives for fuel switching he}ve adopted more than 1,200
climate change laws, up from
¢ Tighter emission controls about 60 two decades ago
(Grantham Research Institute on Climate Change and the
. . Environment and the Sabin Center on Climate Change Law at the
¢ Government co-investment 1n Columbia Law School).
R&D



Fossil fuel and renewable energy subsidies

Fossil-fuel subsidies
Countries with largest subsidies, 2013 (Sbn)
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— L Fossil fuel receive the greatest amount of subsidies
but the gaps is decreasing.
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Source: Financial Times 2016, A world map of subsidies for renewable energy and fossil fuels
Accessible at http://blogs.ft.com/the-world/files/2016/07/GR262Xcarbon_tax_modern_energy_ SR_CHART .png

Source: IEA

Source: Financial Times 2017, The Big Green Bang: how renewable energy became unstoppable,
Accessible at https://www.ft.com/content/44ed7e90-3960-11e7-ac89-b01cc67cfeec




Prices
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Incentives for fuel switching

Purchase incentives and market shares for Batter Electric Vehicles (BEVs) and Norwegian Electric Vehicle owner Survey 2015:
and Plug-in Hybrid Electric Vehicles (PHEVs), 2015 Rank the electric car incentives
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Emission controls

Planned emission standards in select regions CO, emissions of selected OEMs and brands 2012 in Europe (NEDC)
g CO,/km normalized to New European Driving Cycle in g CO,/km
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Major OEMs need to cut fleet emissions by ~30% by 2020 to meet EU emissions target

Source: Amsterdam Roundtable Foundation and McKinsey & Company 2014, Evolution: Electric vehicles in Europe: Gearing up for a new phase? ‘ | |‘| ,
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The new ranking —top 30 flaring countries (2013-15)
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Why FF companies should care?

Climate-change risks will be felt differently by industry. o Moral & ethical

Limited risk [ll Moderate risk |l High risk reasons
Expected impact by sector ¢ Attract top talent
i Oil and Utilities/ Ti rt/

Types of risk gas Chemicals Agriculture IT polweer Ic;-;l;;?{::z fOI' future Workforce
e, Tyslea Secure social
risks | license to operate

Price

Product Secure financing &

investor support

External- Ratings
stakeholder
risks

-

Play a prominent
role in energy
supply in the future

Regulation

Reputation

Source: McKinsey & Company 2015, How companies can adapt to climate change, Accessible at
https://www.mckinsey.com/business-functions/sustainability-and-resource-productivity / our-insights/how-companies-can-adapt-to-climate-change




Reduce carbon footprint of operations & eliminate

BHP GHG Emission Intensity Statoil CO2 intensity & flaring intensity
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Power operations with renewables

Renewable energy investment in the mining industry (base case, USSm), world markets: 2013-22
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38 . 39 - 51 37 44

North America Europe Asia-Pacific Latin America Middle East and Africa

m2013 m2018e 2022e Pictured: Aerial view of the Weipa Solar Plant .

Source: Ernst & Young 2014, Renewables in Mining: Futuristic or realistic? Source: Rio Tinto

In Queensland, Weipa bauxite mine: Rio Tinto in a 15 year PPA with First Solar
co. with help from ARENA, the Australian Renewable Energy Agency.

¢ Equipped the mine with a 18-000 solar panel PV farm to complement
diesel base load in times of peak

Capacity : 1.7 MW and potential to expand to 5 MW

Saving: 600 000 liters of fuel annually — 1,600 t/ year of GHG emissions
= 700 cars

¢ Shared use: covers 20% of electricity demand of township on the Western

i,
Cape York Peninsula. 18 ﬂ‘rr,—



Use of carbon price

- Pricing now
Energy [ Fricing by 2018

p Not pricing

Provides an incentive to
reallocate resources
toward low-carbon
activities;

Used to determine the
business case for R&D
ivestments

Assigning a financial
value to both emitted and
avoided carbon emissions
helps reveal hidden risks
and opportunities

Company Country
Exxaro Resources Ltd  South Africa
AngloGold Ashanti South Africa
Essar Oil India

Total France

Eni SpA Italy

Royal Dutch Shell Netherlands
Statoil ASA Norway

BP UK

Anglo American UK

BHP Billiton UK

Exxon Mobil

Corporation USA
ConocoPhillips USA
HudBay Minerals Inc. Canada

Teck Resources Limited Canada

Source: CDP 2016, Embedding a carbon price into business strategy

19

Carbon Price

$8.17
$7.70
$15.00
$27.92
$40.00
$40.00
$ 50-64

$40.00
$ 3.27-8.17
$24.00
$80.00
$ 6-38

$ 15.32-38.29
$ 11.49-30.64

ﬂfﬁ



Make a low carbon business model a comparative
advantage - Example:

A STRATEGY TO CREATE A LOW CARBON ADVANTAGE

CO, emission reductions
of 3 million tonnes per
year by 2030*

Portfolio carbon intensity
of 8kg CO,/boe** by 2030

Methane emissions from the
Norwegian gas value chain
below 0.3%

Eliminate routine flaring
by 2030

“Compared to 2017 *"Barrel of oil equivalent.

Source: Statoil 2017, Statoil’s Climate Roadmap

New energy solutions with
potential to represent around
15-20% of capex by 2030

Up to 25% of research
funds to new energy solutions
and energy efficiency by 2020

Invest USD 200 million through
our new energy ventures fund

Partner in the USD 1 billion
OGCI Climate Investments

20

Statoil

Continued support for
carbon pricing

Minimum internal carbon
price of USD 50 per tonne CO,

Climate risk and
performance embedded
into strategy, incentives
and decision-making

Amplifying our climate
actions through collaboration

%



Invest in Carbon capture and sequestration

Geological Storage Options for CO, — Drodyiced oil or gas
1 Depletedoilandgasreservoirs  ~  eeeeeeeeeeeeeee. Injected CO,
‘ TO Capture COZ: pre' 2 Use of CO, in enhanced oll recovery 57 W Stored C ;
2 et Loy Stored CO,
. 3 Deep unused saline water-saturated reservoir rocks
mb 4 Deep unmineable coal seams
CcOo uStlon Capture’ 5 Use of CO, in enhanced coal bed methane recovery

6 Other suggested options (basalts, oil shales, cavities)

post-combustion
capture, and oxy-fuel
combustion capture
(during fuel
combustion).

6 To store CO2:

underground or stored
in the ocean.

L 2km
Source: Global CCS Institute, Module 1 (courtesy of CO2CRC)

If CCS is to provide 20% of the CO, reductions this would require:

¢ To build 3,400 commercial-scale projects worldwide by 2050 (only a few small
scale projects today)

i, =
¢ Global investment to grow to an average of US$70 billion per year in the
2020s and US$110 billion per year in the 2030s (only a few billions $ today) ‘ ,
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To meet agreed target in Paris, will need to cut

emissions sharply

Emission reduction requirements to meet 2° target

(a) By technology

& 38
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Observed emissions and future scenarios 34
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—~ 80{  580-720ppm o
s = 450 S i
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Year New Policies
. S i
Source: Fuss et al 2014, Betting on negative emissions, Nature Buildings 7/ cenario

Climate ch , Vol. 4
imate change, Vo 5 10 15

Source: IEA 2016, World Energy Outlook 2016



... and would need to leave FF under the

ground

How can this be achieved?



Stranding according to market forces

Pre-FID and US L48 future drilling cumulative production
by breakeven in 2025 — by resource theme
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Source: Wood Mackenzie, onshore breakevens at 10% discount rate, offshore at 15% discount rate,
breakevens in US$ Brent equivalent
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This 1s what it would look like

The Globally Europe
Bre™ o — 210 T
YA 35% 88% 6%
of natural of il of coal —— 8 9%
gas reserves reserves L ! 2 ' S
reserves Sl \
How much and coal will we have to léave in the
Canada ground to stay under 2 degrees of warming? |
75% ’ ;o

Other developing Asian countries
12%

22%
— 60%

¥, OECD Pacific

Central and South America

Africa Middle East
42%  mmemeemeeeeeeeeeeeeeenn T o
56% 26% 38%
e 7 3% 34% 61%
— e — , . EOA P 99%
0 50% 101057 — R T T
[ T T T | [ I T T
0 507 100% (] 50% 100%

46%
51%
I 95 %

I T

I I
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Source: Rosamund Pearce, Carbon Brief derived from McGlade et al. (2014)



Should take equity dimension into account?

If so, how? |

1. Level of development?

2. Historical responsibility?

3. Availability of alternative energy sources?
4. Carbon intensity of the economy?

5. Climate vulnerability?

6. (Governance structure?



Can gas be a transition fuel?

Makes power generation less carbon intensive than coal
Complementary energy source to renewables
BUT: still produces significant CO2 emissions

Long payback periods for infrastructure- > delay of
investment in renewable energy projects

Methane leaks -> more problematic than CO2 for CC in
short term

ﬂTﬁ
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Many developing countries dependent
on fossil fuel exports...

Percentage of exports made up of fuel resources in 2014

Source: UN Comtrade data 2014



...and rely on fossil fuels for power

generation

Share of Fossil Fuels in Electricity Production (%) (2014)

. v
This map is without prejudice to the status of or 50\.; nty over any territory to the delimitation of international frontiers and boundaries and to the name of any territory, city or area. * For
country notes, see footer text. 3
Data by International Energy Agency O
M >00% M 75%-90% [ 50%-75% 25% - 50% 10% - 25% <10% No data Source: World Bank,

World Development Indicators



Implications for resource rich developing

countries?

1. The role of fossil fuels 1s going to decrease over the coming
decades

2. Economic diversification becomes even more critical to
reduce reliance on fossil fuels

3. Fossil fuel subsidies should be eliminated to reduce
dependency

4. Public investments through State Owned Companies in
fossil fuels 1s increasingly at risk

5. The new global energy system will rely on extractive
industries. How can we avoid the mistakes made during the

fossil fuel era? Y-
. ﬂ'ﬁ



What minerals needed in the new energy system?

Carbon
capture
Concentrating and Electric
solar power | storage motors
Aluminum X X X X X
Chromium X X X
Cobalt X X
Copper X X X X
Indium X
Iron (cast) X X
Iron (magnet) X
Lead X X X
Lithium
Manganese X
Molybdenum X X X X
Neodymium X
(proxy for
rare earths)
Nickel X X X
Silver X X
Steel X
(Engineering)
Zinc X

33

Source: World Bank 2017, The growing role of minerals and metals for a low carbon future
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