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World energy consumption has tripled in the past 45 years, and has grown 50-fold since the
advent of fossil oil a century and a half ago. More than 80 percent of current energy
consumption is obtained from fossil fuels.



Per capita energy consumption is highly inequitably distributed. Developed nations like the
United States consume four times the world average. Aspirations of growth in consumption by
the nearly 80 percent of the world’s population that lives with less than the current per capita
world average will cause unprecedented strains on the world’s future energy system.



Oil is of particular concern given the geopolitical implications of the concentration of
exporters in the Middle East, Russia and West Africa and the dependency of most of the
developed world on imports.



In the next 24 years world consumption is forecast to grow by a further 44 percent—and
U.S. consumption a further 7 percent—with fossil fuels continuing to provide around 80
percent of total demand. Fuelling this growth will require the equivalent of 71 percent of all
fossil fuels consumed since 1850— in just 24 years.



Recent growth notwithstanding, overall U.S. oil and gas production has long been subject to
the law of diminishing returns. Since peak oil production in 1970, the number of operating
oil wells in the U.S. has stayed roughly the same while the average productivity per well has
declined by 42 percent. Since 1990, the number of operating gas wells in the U.S. has
increased by 90 percent while the average productivity per well has declined by 38 percent.

HUGHES – PERSPECTIVES
GLOBALES


The U.S. is highly unlikely to achieve “energy independence” unless energy
consumption declines very substantially. The latest U.S. government forecasts
project that the U.S. will still require 36 percent of its petroleum liquid
requirements to be met with imports by 2040, even with very aggressive
forecasts of growth in the production of shale gas and tight oil with hydraulicfracturing technology.



An examination of previous government forecasts reveals that they invariably
overestimate production, as do the even more optimistic projections of many
pundits. Such unwarranted optimism is not helpful in designing a sustainable
energy strategy for the future.



Given the realities of geology, the mature nature of the exploration and
development of U.S. oil and gas resources and projected prices, it is unlikely
that government projections of production can be met. Nonetheless these
forecasts are widely used as a credible assessment of future U.S. energy
prospects.



Future unconventional resources, some of which are inherently very large, must
be evaluated not just in terms of their potential in situ size, but also in terms of
the rate and full-cycle costs (both environmental and financial) at which they can
contribute to supply, as well as their net energy yield.

J. DAVID HUGHES: DRILL, BABY, DRILL: CAN UNCONVENTIONAL FUELS USHER IN A NEW ERA OF ENERGY
ABUNDANCE?, POST-CARBON INSTITUTE, FÉVRIER 2013 - http://shalebubble.org/drill-baby-drill/

World
Figure 1 illustrates the big picture of growth in total energy consumption over the last 160 years, along
with corresponding growth in human population and per capita energy consumption. During this period,
fossil fuel consumption has grown to provide the vast majority of energy throughput. Whereas in 1850
more than 80 percent of energy was provided by renewable biomass (wood and so forth), in 2011
nearly 90 percent was provided by non-renewable sources (oil, gas, coal, and uranium). Total energy
consumption is a product of population and per capita energy throughput. Over this period, energy
consumption grew 50-fold while world population grew by 5.7 times and per capita consumption grew
by 8.8 times. Fully 90 percent of the fossil fuel consumed since 1850 has been burned since 1938, 50
percent of it since 1986. The climatic warming observed since 1970 is highly correlated with this rapid
increase in fossil fuel consumption and associated greenhouse gas (GHG) emissions.
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Figure 1. World population, per capita-, and total-energy consumption by fuel as a
percentage of 2011 consumption, 1850-2011.2

2 Data from Arnulf Grubler, dTechnology and Global Change: Data Appendix,e 1998,
http://www.iiasa.ac.at/~gruebler/Data/TechnologyAndGlobalChange/; BP, Statistical Review of World Energy, 2012,
http://www.bp.com/assets/bp_internet/globalbp/globalbp_uk_english/reports_and_publications/statistical_energy_review_2011/STAGING/local_asse
ts/spreadsheets/statistical_review_of_world_energy_full_report_2012.xlsx; U.S. Census Bureau, 2012,
http://www.census.gov/population/international/data/idb/informationGateway.php.
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THE CONTEXT OF ENERGY
PRODUCTION & CONSUMPTION

DEMANDE DE LA CHINE
The rapid growth in oil consumption in the developing world is particularly well illustrated by China
(Figure 6). As recently as 1992, China was a net exporter of oil. Total oil consumption has nearly
quadrupled since then, and in 2011 China was dependent on imports for 60 percent of its
requirements. That year, Chinese oil imports amounted to six million barrels per day, or 7.2% of total
global oil production`and in competition with other major oil importers such as Europe, the United
States, and Japan. ChinaCs growth in oil consumption over the past few years has paralleled its
economic growth rates of 5-10% per year.
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Figure 6. ChinaJs oil production surplus and deficit, 1980-2011.9

2008

60% of Chinese demand

DEFICIT

HUGHES – PERSPECTIVES
GAZ DE SCHISTE - 1


KEY TAKEAWAYS – GAZ DE SCHISTE – P.50



Shale gas has grown very rapidly to account for nearly 40 percent of U.S. natural gas
production, although production has plateaued since early 2012. This has more than made up
for declines in conventional gas production and has allowed an increase in overall gas
production to record levels.



The drilling boom which resulted in this glut of shale gas was in part motivated by “held-byproduction” arrangements in three to five year lease agreements, by requirements of joint
venture arrangements and by the need to book reserves to support share valuation on the
stock market.



High productivity shale plays are not ubiquitous, and relatively small sweet spots within
plays offer the most potential. Six of thirty shale plays provide 88 percent of production.



Individual well decline rates are high, ranging from 79 to 95 percent after 36 months.
Although some wells can be extremely productive, they are typically a small percentage of the
total and are concentrated in sweet spots.



Overall field declines require from 30 to 50 percent of production to be replaced annually
with more drilling. This translates to $42 billion of annual capital investment to maintain
current production. By comparison, shale gas produced in 2012 was worth about $32.5
billion at a gas price of $3.40/mcf (which is higher than actual well head prices for most of
2012).

HUGHES – PERSPECTIVES
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Capital inputs to offset field decline will increase going forward as the sweet
spots within plays are drilled off and drilling moves to lower quality areas.
Average well quality (as measured by initial productivity) has fallen nearly 20
percent in the Haynesville, which is the most productive shale gas play in the
U.S., and is falling or flat in eight of the top ten plays. Overall well quality is
declining for 36 percent of U.S. shale gas production and is flat for 34 percent.



Dry shale gas plays are not economic at current gas prices, hence drilling has
shifted to tight oil and wet gas plays which have better economics. Once the
inventory of drilled-but-not-yet-on-production wells is worked off, shale gas
production will decline. This will facilitate considerably higher gas prices going
forward. The idea that gas prices will remain below $5/mcf until 2026, as
projected by the EIA (Figure 34), is wishful thinking.



The EIA recently revised its estimate of unproved technically recoverable shale
gas resources downward by 42 percent to 482 trillion cubic feet (tcf). Coupled
with shale gas reserves this yields a total of 579 tcf, or 24 years of supply at
current production rates. The EIA projects that 382 tcf, or 66 percent of this will
be consumed by 2040 (Figure 32). This is an extremely aggressive forecast,
considering that most of this production is from unproved resources, and would
entail a drilling boom that would make the environmental concerns with
hydraulic-fracturing experienced to date pale by comparison.

RÉCAPITULATION
 410 000 PUITS SERONT FORÉS AUX ÉTATS-UNIS
EN 24 ANS POUR LE GAZ DE SCHISTE

 ALLER-RETOURS PAR PUIT: 2000 CAMIONS
LOURDS ET 1420 CAMIONS LÉGERS

 ÉNORMES EXIGENCES EN CAPITAUX
 ACTUELLEMENT VENDU SOUS LE COÛT
 ÉROI DU GAZ, 7.6, DU GAZ DE SCHISTE = 5
 ÉMISSIONS PEUT-ÊTRE PIRE QUE LE CHARBON

HUGHES – PERSPECTIVES
PÉTROLE DE SCHISTE - 1


KEY TAKEAWAYS – PÉTROLE DE SCHISTE – P.78



Tight oil (shale oil) has grown impressively and now makes up about 20 percent
of U.S. oil production. This has allowed U.S. crude oil production to reverse
years of decline and grow 24 percent above its all-time post-1970 low in 2008.



As with shale gas, tight oil plays are not ubiquitous. More than 80 percent of
tight oil production is from two unique plays: the Bakken and the Eagle Ford. The
remaining nineteen plays produced just 19 percent of current tight oil
production. There is also considerable variability within these plays, and the
highest productivity wells tend to be concentrated within relatively small sweet
spots.



Well decline rates are steep – between 81 and 90 percent in the first 24
months. The plays are too young to assess overall well lifetimes but production
rates in the Bakken after five years are 33 bbls/d on average and after seven
years will likely approach stripper well status (10 bbls/d). Eagle Ford wells could
reach stripper well status within four years.



Overall field decline rates are such that 40 percent of production must be
replaced annually to maintain production. Current drilling rates are far higher
than this level hence production is expected to continue to grow rapidly.

HUGHES – PERSPECTIVES
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Ultimate recovery of tight oil plays is governed by the number of available drilling locations.
The EIA estimates a total of 11,725 locations in the Bakken (including the Three Forks
Formation). This is about three times the current number of operating wells. A similar
estimate by the EIA puts available locations in the Eagle Ford at more than three times the
current number of operating wells.



Given the EIA estimate of available well locations, the Bakken, which has produced about
half a billion barrels to date, will ultimately produce about 2.8 billion barrels by 2025 (close
to the low end of the USGS estimate of 3 billion barrels). Similarly, the Eagle Ford will
ultimately produce about 2.23 billion barrels, which is close to the EIA estimate of 2.46
billion barrels. Together these plays may yield a little over 5 billion barrels, which is less
than 10 months of U.S. consumption.



The production trajectory of tight oil plays depends on the rate of drilling. If current drilling
rates are maintained, tight oil production will grow to a peak in 2016 at about 2.3 mbd
assuming the EIA estimates of available locations in the Bakken and Eagle Ford are correct.
Production in the Bakken and Eagle Ford will then collapse at overall field decline rates.
Assuming production in the other tight oil plays continues to grow at linear rates, tight oil
production will be at 0.7 mbd in 2025. This represents a U.S. tight oil production bubble of a
little over ten years duration.



The EIA projections of U.S. tight oil production are very aggressive. They assume that 26
billion barrels, or 78 percent of its estimate of unproved technically recoverable tight oil
resources, will be consumed by 2040.

PÉTROLE DE SCHISTE
2010-2025

RÉCAPITULATION
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Oil Shale: The IEA in its latest World Energy Outlook has listed a trillion barrels of oil shale as ““technically
recoverable”” in the Americas. Despite many years and large expenditures, oil shale has not been produced in
commercial quantities in the U.S., and has only been utilized in minor quantities elsewhere in the world. Oil shale
production remains an extreme example of a rate- and net-energy-constrained resource. There is no significant
production now nor is there likely to be in the foreseeable future.



Deepwater oil is a stable part of U.S. oil supply and is projected to make up about ten percent of overall U.S.
consumption for the next two decades and longer. Opening up coastal areas currently under moratoriums would expand
access to relatively minor additional resources, and Arctic offshore oil production is unlikely to be more than a niche
supply for the foreseeable future.



Extra-heavy oil (Venezuela) is rate-constrained, due to above-ground geopolitical issues, as well as the capital input and
infrastructure required to meet the challenges in its production. It is also a low net-energy oil somewhat similar to tar
sands. Notwithstanding that Venezuela has recently claimed first place in world oil ““reserves””, its extra heavy oil is
unlikely to provide significant new production to offset declines in world conventional crude oil production in the shortand medium-term.



Biofuels, which contribute about five percent of U.S. consumption, are projected by the EIA to have little growth over the
next two decades or more. Agricultural subsidies for corn ethanol production ended in the U.S. in 2011 although State
and Federal renewable fuel standards will ensure ample demand for corn ethanol going forward. The net energy of
biofuels is generally very low and there is considerable controversy in utilizing food crops for their production. Production
from non-food cellulosic- and algae-feedstocks will play a niche role going forward but is not expected to have a
significant impact for at least the next two decades.



Coal- and Gas-to-liquids are expected to grow to perhaps two percent of world liquids supply by 2035. The infrastructure
required is high cost and the case of coal comes with heavy GHG emissions and energy conversion losses.



Enhanced Oil Recovery – CO2 injection to recover residual oil in depleted reservoirs has been utilized for decades,
although rarely with antrhopogenic CO2 emissions. Even with a projected doubling in production by 2040, il will still
meet less than 4 percent of U.S. demand.

HUGHES – PERSPECTIVES
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KEY TAKEAWAYS – TAR SANDS – P.109
Canada is the United States’ largest source for oil imports, accounting for 24 percent of gross U.S.



oil imports in 2011. More than half of Canadian production comes from the tar sands.



Tar sands provide high-cost, low-net-energy oil. Surface mineable resources have the highest net energy, at
about 5:1 with upgrading. New surface mineable projects require over $100/bbl to justify development. Eighty
percent of recoverable resources are too deep for surface mining, and require very large inputs of energy to
recover, which results in a net energy return of less than 3:1 with upgrading.



The tar sands are being high-graded. Nearly 90 percent of the 25.6 billion barrels “under active
development” are shallow surface mineable resources. More than 90 percent of the 143 billion barrels of
resources “not under active development” are too deep for surface mining and are extractable only using in
situ methods.



The 1.84 trillion barrel in situ estimate for the tar sands is irrelevant in considering future supply. Even the
purported 143 billion barrels “not under active development” estimated by the Alberta Government to be
“recoverable” has no detailed engineering studies validating it.



Growth forecasts for the tar sands tend to be very aggressive, and have historically always overestimated
actual production. It has taken 40 years to grow tar sands production to 1.6 mbd, yet forecasts call for nearly
tripling current production over the next 18 years. This will be very difficult and likely impossible to achieve
given the logistical bottlenecks and cost inflation experienced even expanding production to current levels
(projections assume nearly double the expansion rate that caused earlier problems).



Tar sands oil comes with higher environmental impacts than conventional oil through air emissions on site,
full-cycle well-to-wheels CO2 emissions, and groundwater and other contaminants.

ÉROI SABLES BITUMINEUX

ÉROI DES SABLES
BITUMINEUX
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Coalbed methane is and will continue to be a small player in total U.S. gas supply.
Production has plateaued and reserves have fallen over the past five years. Given this the
EIA’s projection of flat to rising production and the consumption of nearly three times current
proved reserves by 2040 seems unlikely.



Offshore gas is projected to make up less than 10 percent of U.S. gas supply through 2040.
Notwithstanding the significant undiscovered potential, it is difficult gas that will remain
constrained by the “tap” more than the “tank.”



Gas hydrates have extremely large in situ resources which have resisted any significant
production. They will likely remain “the fuel of the future that always will be.” They are an
extreme example of a rate-constrained resource with a very large “tank” and a “tap” that
remains completely shut, despite decades of research at the expenditure of hundreds of
millions of dollars.



In situ coal gasification is a much hyped resource in some circles but so far has been
relegated to a niche source at best, with no commercial production outside of Uzbekistan,
where it has purportedly fueled an onsite power plant for decades.



Biogas from municipal landfills is capturing and utilizing methane, which is a potent
greenhouse gas, that would otherwise be vented into the atmosphere. Although it is a small
niche player in terms of total supply, it provides important environmental benefits.
Household-scale biogas production is also utilized in developing nations. Large-scale
centralized biogas production from food crops as currently conducted in Germany is more
controversial.
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LA CHINE COMME MARCHÉ

Source Grantham 2011, p.8
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LE TRIPLE DE LA CONSOMMATION ACTUELLE
DES ÉTATS-UNIS

LA CHINE EN DÉPASSEMENT
 1940, 450 MILLIONS - 2010 1,400 MILLIONS
 2010, 20 % DE LA POPULATION,
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