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Life before oil

e Prior to 1800s E n o d

e Light: torches, candles made from tallow, and
lamps which burned oils rendered from animal fat.

e First candles were made in China in 200 BC from
whale fat & tallow with rice paper wick.

e Discovery of paraffin wax which made production
of candles cheap and candles affordable to
everyone. Wick was also improved over time.
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Whale oil

 Whale oil was popular because less odour and
smoke. Sperm whale oil popular for lamps but
very expensive ~US5$200/gallon current
dollars; also used as lubricant in trains

« US whaling fleet grew from 392 ships in 1833
to 735 by 1846 - massive toll on whale
population
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Whale population

A tale of two energy sources
Whale oil was on the way out well before petroleum became society’s fuel of choice
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Sources:
Whale oll data from Alexander Starbuck’s "History of the American Whale Fishery,” 1878, via Ugo Bard|, Universita di Firenze; Petroleum data
from the U.S. Energy Information Agency; background illustration via Thomas 8eale’s “Natural History of the Sperm Whale,” 1839
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Kerosene

e 1849 , kerosene lamp, invented by
Michael Dietz appeared on the market - ,
in 1857, immediate effect on the whaling ,% ," e
industry was immediate. '

e Ignacy Lukasiewicz, Polish pharmacist,
1856 built the world's first oil refinery
refining kerosene from crude oil.

e By 1860, at least 30 kerosene plants were in production in
the United States, and whale oil was ultimately driven off
the market. Price sperm oil > refined petroleum, whale oil

driven off market
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Electric lighting

e In 1807, London
got a first street
illuminated with
gas lanterns. After
that other cities of
the world
followed.

e Incandescent light
bulb - Swann and
Edison 1878
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Early days of oil

e 347 A.D.Oil wells are drilled in
China up to 800 feet deep using
bits attached to bamboo poles.

e 1858 first oil well in North
America is drilled in Ontario,
Canada.

e 1859 first oil well in United
States is drilled 69 feet deep at
Titusville, Pennsylvania by Edwin
Drake.

e (Gasoline-powered automobiles,
Karl Benz and Wilhelm Daimler
created additional markets for
UsS oil.
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Conventional oil field California

National Geographic; May 27, 2013
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Hubbert’'s Peak Oil

U.S. Crude Oil Production versus Hubbert Curve

—_—

1930 1940 1950 1960 1970 1980 1990 2000

—— U.5. Production (Source: U.S. Energy Information Administration)

—— Hubbert Curve

Peak oil: point of maximum

production
Coined by King Hubbert in 1956,
predicted that oil production in US
would peak between 1966 and 1972;
peaked in 1970
production rate predicted to follow
symmetric logistic curve

Peak oil not an economic model
No prices guiding investment &
consumption decisions
Economists not particularly successful
in predicting time paths of prices &
production
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Oil reserves-to-production (R/P) ratios
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Ratio of reserves (R) to production (P)

R/P
Accurate data?

160

120

90

60

30

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

m North America 160
m S. & Cent. America

m Europe & Eurasia

m Middle East
m Africa 140

Asia Pacific
—
/ T~ 120

= World
\l\/\ v
-

80
60
—— _ g—
40
/ - 20
85 20 95 00 05 10 15 0

BP Statistical Review of World Energy 2016
© BP p.l.c. 2016



g THE UNIVERSITY

OF AUCKLAND
BUSINESS SCHOOL
Production & Consumption
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Major oil trade movements 2015
Trade flows worldwide (million tonnes)
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Trading benchmarks

e Commodity, just like copper, coffee, ...

o Of little use unless refine it

e Financial markets, investors hedge bets on
what they think prices will do

e Benchmarks:

- West Texas Int (WTI) — underlying NY commodity
futures, traded delivery at Cushing OK

— Brent - traded for delivery at Sullom Voe
— OPEC basket
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Crude oil prices 1861-2015, US $/barrel

Yom Kippur war

Fears of shortage in US Post-war reconstruction Iranian revolution | Asian financial crisis
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Supply - solution #1

e Drill deeper:
— Onshore & offshore

— Oil window in the range 2,000-4,500 m; beyond
4,500 m more likely to find natural gas

e Drill elsewhere:
— Other provinces e.g. South China Sea, Artic

e Speed up exploration:

— It can take up to 10 years from a cold start to deliver
oil
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Supply - Solution #2

I Well boring

J acC k We I I ( G u If Of M eXi (o) ) An oil rig with multiple well-shafts sunk with directional drilling
6,000 m beneath the sea floor " EnpieState

DRILLING RIG Building
'2,000 m of water .. 1om (coeseo ) | 38m

Test well cost US$100 m 05|
Production facility ~ US$500m |
*Production wells ~ US$120 m each N
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Source: Schiumberger
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Along Comes Shale

New shale oil estimates

An updated estimate showed that the world held some 345 billion barrels
of technically recoverable shale oil, the U.S. government's
Energy Information Administration said on Monday.
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TOP FIVE COUNTRIES WITH TECHNICALLY RECOVERABLE SHALE OIL RESOURCES

Russia U.S. China Argentina Libya Other countries
27

s e o e e

b————————— 2013 ESTIMATE: 345 billion barrels* in 41 countries ———
I 2011 ESTIMATE: 32 billion barrels in 32 countries

Source: U.S. Energy Information Administration (EIA) * EIA estimates
W. Foo, 11/06/2013

{2 REUTERS
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Fracking

44% B

8%

=

ggest Environmental Concerns

@  Fracking
X»"( @ Spills & Pollution Cleanup
,l’;‘: 23% 25% . Greenhouse Emissions
7
i ® o

B0 —

A ," Issues surrounding fracking are the biggest
environmental concern for U.S. oil and gas
companies in 2013, ahead of spills and
pollution cleanup by a 44-to-25-% margin.

Aquifer

Horizontal drilling for shale oil

Hydraulic fracturing
cracks the oil rich shale
by injecting a mixture of
water, sand and other
fluids into the formation
at very high pressure.
When the injected fluids
are pumped out, the sand
remains in the fractures
to keep them open.

This allows the oil to seep
out of the formation into
the fracturs nd into the
wellbore where it is piped
to the surface

Fissures
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Average cost curve for the oil market
S/barrel
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Breakeven prices for shale

Chart 15: The highest cost producers in the Permian start to feel the
pain by not being able to cover their costs

IS shale oil breakeven prices

Granite Wash (oil)

Bone Spring |

Wollcamp bl ]

Eaple Ford Center (cond) |
Spraberry Vit

Wdfc% South ]

Granite W :m& ]

Waolfone Vi )

Bamett Liquids |

Eagle Ford Wi :YE-':ID ]

] st (zon

Cana Etal::gI ]

Cline

ME ‘Weld |

Wolfcamp Morth |

Cana Woodford |
Bakken Core

Permian Central Wt |
Wattenberg Hz

Utica (cond
Eagle Ford East Em]}'

i

B/bbl

L

3 40 50 60 70 80
Source: BofA Mesil Lynch Giobal Commodiies Research

o


http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.telegraph.co.uk/finance/oilprices/11283875/Bank-of-America-sees-50-oil-as-Opec-dies.html&ei=TkDlVMuPG4b-8QWl1IDgDA&bvm=bv.85970519,d.dGc&psig=AFQjCNHae5t1aEhYHMdBtqvS0g4A0rTOaQ&ust=1424396685511497
http://www.google.co.nz/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.telegraph.co.uk/finance/oilprices/11283875/Bank-of-America-sees-50-oil-as-Opec-dies.html&ei=TkDlVMuPG4b-8QWl1IDgDA&bvm=bv.85970519,d.dGc&psig=AFQjCNHae5t1aEhYHMdBtqvS0g4A0rTOaQ&ust=1424396685511497

g THE UNIVERSITY
OF AUCKLAND

BUSINESS SCHOOL

Breakeven prices for shale

Chart 15: The highest cost producers in the Permian start to feel the
pain by not being able to cover their costs
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Global Oil Outlook

e Most promising sites are located in some of
the world’s most challenging operating
environments

- deep water, freezing temperatures, extreme weather
— political instability
e Cost — massive investments, time lags

e Environmental concerns are a major issue
— Untouched wilderness
— Qil spills
e Exxon Validez - clean up US$2 b
e Deep Water Horizon - clean up US$38 b
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Great Deal of Uncertainty

Weather, environmental disasters (Exxon,
Deep Horizon)

Substitutability of oil and other factors of
production

- How substitutable is oil in long run?

Will prices will increase as global economy
recovers?

Geopolitical risks
— Government actions
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Demand

e Demand sensitive to economic conditions,
efficiency mandates, government policy
— GDP - recovery of 3% => growth in demand of ~ 1%
— Policy - sulphur, climate, car efficiency, reserves, ...

- Subsidies: US$557b a year, chronic under pricing -
removal could reduce demand by 6 mmbd (~1/3 of US
demand)

e Economic evidence
- Demand Price (volatility) Si elasticity ~ 0.2; Ly ~ 0.08
— Income 0.5 (developed countries) 1 in emerging
— Supply price elasticity 0.02, lags 2-4 years
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Demand - price of substitutes

e Renewables sound great in theory

— Palm oil - felling forests to plant palm oil for the
European biodiesel market added to carbon
emissions

— Deforestation accounts for 20% of the world’s
emissions.

e If the US switched its entire grain crop to
ethanol it would replace 1/5t of gasoline
consumption

— Impact on food prices



EVs

e Electric vehicles

Battery : cost, charging, range
Supply of lithium

May not be entirely emission
free, depends on electricity
source

Development of smart grid
technology

Race to find the transportation
game-changer

e Nissan predicts worldwide
sales at 10% of the market by
2020, Peugeot 5% and
Volkswagen 1.5% - IEA
estimates 7% by 2030.
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Hydrogen

natural gas coal, oil transport
« steam reforming « gasification applications
(with CO, capture) | |* partial oxidation
* pyrolysis (with CO, capture) stationary/
+ plasma reforming domestic
electricity/heat
solar energy generation

+ electrolysis of water

* photolytic splitting of water / locally
termal ptingof vater_| | soredenery
wind, hydro, wave / 2 \ balancing of
« electrolysis of water renewable
electricity

fission/fusion biomass production
« electrolysis of water « fermentation
« thermal splitting of water | | *gasification portabl.e
+pyrolysis electronics
(sustainable) hydrogen hydrogen

hydrogen production storage utilization




Energy policy

e Access
— Property right arrangements
— Allocation

e Resource curse
— Poor institutional design

e Taxation
— Severance tax
— Depletion allowances

e Subsidies
— Production & consumption
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Tax Rates in OECD Economies

Figure 1.1. Tax rates on petrol (P) and diesel (D) in OECD countries (excluding VAT),
as of 1 January 2002 (excluding VAT) and as of 1 January 2012
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Notes: Average 2011 exchange rates are applied for all years.

Source: http://www.oecd.org/site/tadffss/
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Oil price and government budget

GDP per capita:

200 184 Saudi US$25,000
180 - Nigeria US$3,000
160 1 34434 Venezuela US$12,000
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World subsidies

World subsidies to fossil-fuel consumption
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Fossil fuel subsidies have been driven higher by the rebound in international energy prices
they totalled 5409 billion in 2010 — about 5110 billion up on 2009

http://www.iea.org/publications/worldenergyoutlook/resources/energysubsidies/
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Support to fossil fuels in US 2011

e OECD definition: budgetary expenditure and
tax expenditure that provide a benefit or
preference for fossil fuel production or
consumption relative to alternatives

e Fossil fuels make up 84% of primary energy
supply in US; oil 36%, gas 25% & coal 23%

e OECD estimate for 2011:
— Producer support in US: US$ m 2445
— Consumer support US$ m 2666
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Do low income groups benefit?

Share of fossil-fuel subsidies received by the lowest 20% income group, 2010
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Subsidies are an extremely inefficient means of assisting the poor: only 8% of the 5409 billion
spent on fossil-fuel subsidies in 2010 went to the poorest 20% of the population

http://www.iea.org/publications/worl
denergyoutlook/resources/energysub
sidies/
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What if subsidies were removed?

Without further reform, spending on fossil-fuel consumption subsidies is
set to reach $660 billion in 2020, or 0.7% of global GDP

Phasing-out fossil-fuel consumptions subsidies by 2020 would:
» slash growth in energy demand by 4.1%
» reduce growth in oil demand by 3.7 mb/d

» cut growth in CO,emissions by1.7 Gt

Many countries have started or planned reforms since early-2010
» key driver has been fiscal pressure on government budgets
» G20 & APEC commitments have also underpinned many reform efforts

» much more remains to be done to realise full extent of benefits

http://www.iea.org/publications/worl

denergyoutlook/resources/energysub
sidies/
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Concluding comments

e Fundamentals of supply & demand in
determining price

e Impact of
— Global economy
— Technology
— Geopolitical
- Government policies; taxation, subsidies, regulations

e Increasingly interdependent linkages with
world events



