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Global direct primary energy consumption
Direct primary energy consumption does not take account of inefficiencies in fossil fuel production.
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Peak Oil

* A point in time when the maximum rate of extraction is reached
and only decline in production is expected.

* Based on Marion King Hubbert’s (1903-1989) models (Shell, US
Geological Survey).

* Presentation in San Antonio in 1956 (American Petroleum
Institute) predicting U.S. oil production peak for 1970.

* Concept has been criticized for ..Malthusian perspective*‘.
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Peak Oil concept
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,Early peak” predictions

Peak oil date Source and date of forecast
2006-2007 Bakhtiari (2004)

2006 on Simmons (2000)

After 2007 Skrebowski (2004)

Soon after 2007 World Energy Council (2007)
2009-2031 Sorrell et al. (2009)

Before 2010 Goodstein (2004)

Around 2010 Campbell (2005)

Possibly 2010 Klare (2004)

2010 Aleklett et al. (2010)

After 2010 Skrebowski (2005)

2006-2017 Hiro (2007)

Soon after 2010 De Margerie, C., Total S.A. (Walt, 2010)
2008-2012 De Almeida and Silva (2009)
2012-2017 Koppelaar, 2005 and Koppelaar, 2006
2008-2018 Robelius (2007)

2014 Nashawi et al. (2010)

2015 Shell (2008)



http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib4
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib106
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib108
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib121
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib112
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib44
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib23
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib65
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib2
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib109
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib51
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib119
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib31
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib69
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib68
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib99
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib88
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib103

,Late peak” predictions

Peak oil date

Not before 2017
After 2020

After 2020

2020 or beyond 2035
2020 (for oil and gas)
2025 or later

2035

Not before 2035

No visible peak

No peak but 54.2 years of global
production

‘Peak oil theories have been abandoned’

‘Oi1l demand ...reaching a long plateau in
the 2040s’

Source and date of forecast
CERA (2008)

Hayward, T., BP (Macalister, 2010)
CERA (Jackson and Esser, 2004)
IEA (2010)

Shell (2011)

Davis (2003)

CERA (Jackson, 2000)

EIA (2010)

Maugeti (2012)

BP (2012

Mountains Scenario

Oceans Scenario (Shell, 2015)



http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib26
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib79
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib61
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib58
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib104
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib30
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib60
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib38
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib83
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib20
http://www.sciencedirect.com/science/article/pii/S030142151300342X#bib105

Was Hubbert right?

* Basily accessible oil and gas deposits are (being) depleted.

* Decreasing discovery rate (fields “too big to miss”).

* But predicted peak(s) repeatedly increased and postponed, we
produce more than ever before.

* How to explain this contradiction?
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Was Hubbert right?

* Economic perspective — ,,0i1l reserves are the amount of oil that
is minable at today’s prices using existing technology* (proven —

P90, probable — P50, and possible reserves — P10).

* Increasing recovery rate - from 22% in 80s to 35% today.
* E&P in extreme conditions.
* New techniques of extraction (unconventional oil and gas).
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US oil production since 1965
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New areas of exploration — deep waters

* Wells drilled in excess of 1000 feet as deep (first in 1975), 5000

and more (1986) as ultra-deep.
* Gulf of Mexico, Brazil, West Africa.

Reserve hillion barrels:
Onshore Offshore Deepwater

Mote: Figures are a representative sample of the world's major oilfields in billion of barrels.

Source: World Energy Outlook 2010 © QECD/International Energy Agency 2010

CENTER FOR ==

ENERGY STUDIES mmm



Location of deepwater drilling oil fields

- Deepwater development areas “Golden Triangle” - rumber of deepwater oil fields below 400m

Source: Petroleurn Economist
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New areas of exploration — deep waters

Traditional onshore drilling;
* Limited impacts — substantial experience, physically limited
possibility of spillage.

* Impacts similar to mining operations in non-energy industry —

land use, water and air pollution, dust, noise, transportation,
damages of habitats.

* Long history of regulation in the EU and USA.
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New areas of exploration — deep waters

Offshore drilling

* Complicated technology and hostile environment increase the
risk of accidents and their impact.

* O1l spillages in the water (Im3 = spillage up to 1km?2).

* Increase in a number of off-shore installations accompanied by
more stringent regulation (2010 Gult of Mexico - Directive
2013/30/EU on safety of offshore oil and gas operations).
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High profile oil spills from offshore blowouts

Date of Incident Location

28.1.69-12.2.69 Santa Barbara, California

3.6.79-23.3.80 Ixtoc Well, Mexico

22A77-30477 Ekofisk Norwegian Sector,
Morth Sea

1980 Funiwa Niger Delta, Nigeria

2.10.80-10.10.80 Arabian Gulf

21.8.09 - 3.11.09 Timor Sea, Australia/
Indonesia
20.4.10-15.7.10 Gulf of Mexico

Adapted from Willis Energy Loss Database and American Petroleumn Institute Analysis of US Qil Spillage 2009

Incident and Spillage Details
(Estimated figures)

80,000 - 100,000 barrels

3.3 million barrels

202,381 barrels

200,000 barrels

100,000 barrels

28,800 barrels of condensate oil

4.9 million barrels, plus 11
fatalities and 17 injuries

Insured loss ($)

Not available

22,000,000

6,887,000

53,554,000

1,300,000

425,000,000

2,560,000,000
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New areas of exploration — Arctic regions
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Unconventional sources - oil

Produced or extracted using techniques other than the
conventional (o1l well) methods.

* Conventional oil: mineral oil consisting of a mixture of
hydrocarbons of natural origin, exists in liquid form under
normal surface temperatures and pressure.

* Unconventional oil: to be extracted non-conventional
technology is needed, in natural state (without heating or
diluting) couldn’t be extracted.

* O1l sands, tight o1l, o1l shale, oil produced from coal...

* Unconventional oil quadruples (?) current oil reserves.
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Oil sands, tight oil, oil shale...

* Consistency is extremely dense and viscous, ranging from semi-

solid (such as sands) to solid (like shale).

* It has a high level of sulfur and metals, such as nickel and
vanadium.

* Venezuela's Orinoco Belt holds 1200 billion barrels, which is
approximately equal to the world's reserves of lighter oil. Of this,
200 billion barrels are technically recoverable.

* Alberta, Canada, accounts for 11% of the world's oil reserves,
ranking third globally. 99% of this is in oil sands. It exports
around 2 million barrels per day.

* Other notable regions include the U.S., Kazakhstan, and Russia.
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Producing technigues: in-situ mining

* Injecting hot fluids (or steam) into the rock formation shale oil 1s
recovered through vertical wells.

* Increased water and energy (natural gas) consumption. 2-4
barrels of water/1 barrel of oil, 70-90% could be recycled. (for
comparison, 1.4 barrels in SA).
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Producing technigues — open pit mining

* Open pit (ex-situ) mining (up to 70m deep) 1s used for o1l sand-
bitumen and shale oil extraction.

* During excavation, sand 1s scooped out by power shovels and
carried away. Hot water 1s then used to separate the bitumen
from the sand, after which it is refined.

* It takes 8-10 barrels of water to produce 1 barrel of oil, with
40-70% of the water being recyclable (compared to 1.4 barrels
in S.A.). About 2 tons of material (but up to 4 tons) is needed
per barrel of oil.

e Greenhouse gas emissions are 1.5 times higher than in the case
of conventional crude oil.
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. The tailings - consisting of sand,
Mining shavels dig into sand Trucks take oil sands to crushers, Hot water is added to Bitumen is extracted clay, water and a small amount of

and load it into trucks. where it is prepared for extraction. the oil sands and then e residual oil - are pumped to the

transported via the separation vessels. settling basin, where the water is

hydrotransport to recycled and reused in the process.
the extraction plant.

Bitumen is sent to
refineries across
Marth America to
make products
including gasoline,
Jet fuel and plastics.




Shale gas

* Natural gas trapped within shale formations.

* Largest reserves located in China, Argentina, Algeria, U.S.

* Extraction method: Fracking, which is a combination of
horizontal drilling and hydraulic fracturing;
* Fracking specifics:
* High water consumption.

* 0.5-2% of the injected liquid is added chemicals.
* A single well requires 280,000 hl of water.
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Shale gas

* Space utilization
* 2-4 hectares per drilling pad, which can contain up to 30
wells. There's a distance of 3-6 km between these pads.
* Transport details:
* For a single well, between 700-2000 trucks are needed.
* During installation, there's a truck movement approximately
every 4 minutes.
* Environmental concerns:
* Methane leakages from the wells.
* Earthquakes potentially induced by the fracking process.
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Peak Oil theory disproved?
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17% of World Production is Unconventional Including Tight Oil, Oil Sands
and Deep Water Production
World Conventional Oil Production Peaked in 2016 at 71.1 mmb/d
Surpassing the Previous 2005 Peak of 69.3 mmb/d
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Contributions to global oil production growth

Conventional:

B 2013-2025

Middle East
2025-2035

Brazil

Rest of the world

Unconventional:
Light tight oil

Oil sands, extra-heavy oil,
coal/gas-to-liquids, & other

mb/d
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Peak Qil theory disproved?

* Peak oil continuously postponed.
* Technology and strict regulation could limit accidents.

* New sources of oil and natural gas consumes more
environmental services (water, land etc.)

* And their low ERoEI requires even more intense production.
* Still physical limits of production
e Demand Peak Oil?
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Billion USD (2019)

Future of climate change mitigation
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stream carbon power power networks
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Oil and gas storage
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EROEI

* Energy returned on energy invested — ratio of the amount of
usable energy delivered from a particular energy resource to the
amount of energy used to obtain that energy resource.

* Less then one — energy sink, net energy loss.

CENTER FOR ==

ENERGY STUDIES mmm



EROEI

* Standard ERoEI — divides the energy output for a project
(region, country) by the sum of the direct and indirect energy
used to generate that output.

* Point of use ERoEI — includes additionally the costs associated
with refining and transporting the fuel

* Extended ERoEI — considers the energy required not only to
get but also to use a unit of energy.

* Societal ERoEI — all gains from fuels and all costs of obtaining
these fuels.
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EROEI
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EROEI of different sources of energy

Oi1l in the beginning of oil business 100
Oil in Texas around 1930 60

Oil in the Middle East 30
Other oil 10-35
Natural gas 20
High quality coal 10-20
Low quality coal 4-10
Water power plants 10-40
Wind power plants 5-10
Shale oil 5

PV power plants 2-5
Nuclear energy 4-5

Oil sands max. 3
Shale oil max. 1,5
Biofuels (in Europe) 0,9 -4
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EROEI of different sources of energy

Od and Gas Tar Sands Qil Shale Ethanol from Diesel from
(Worlid) Biomass Biomass
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Global Qil and Gas EROI Values and Trends (1990-2010)

“  Global oil and gas (Gagnon &1 al. 2009)
- Global oll and gas trend-sne
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Published EROI Values for Natural Gas

150:1 1
@ Canada (Freise, 2011)
@ Pennsylvania (Sell, 2011)
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Future of fossil fuels?

* Still lot of resources to be utilized — (energy) peak is not the
imminent threat.

* However, environmental costs of production of fossil fuels are
not static. Each additional barrel of oil and cubic metre of gas
is more (not less) environmentaly demanding.

* Moreover, production needs to grow faster than consumption
due to the ERoEI of new reserves.
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Sources

* Hall et all (2014): EROI of different fuels and the implications for
society. Energy Policy, vol 64

* Lacalle, D.(2011): Peak Oil Defenders Most Overlooked Mythe:
EROEI

* Lloyd’s (2011): Drilling in Extreme Environments: Challenges and
Implications for the Energy Insurance Industry

* Hook, M., Tang, X.(2013): Depletion of fossil fuels and
anthropogenic climate change — a review. Energy Policy, Vol. 52.

* Heinberg, R.(2018): New U.S. Record-Level Oil Production! Peak Oil
Theory Disproven! Not.

* ITOPF: Oil Tanker Spill Statistics 2015
* Canada’s Oil Sands web pages.

* The Encyclopedia of Earth (2012): Oil spills in U.S. coastal waters:
background, governance and 1ssues for Congres

* Scott, R.(2018): Escaping the Malthusian Trap: Technology and
regulation to feed the world.
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