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Preface

This report has been produced by the UK Energy Research Centre’s Technology and Policy
Assessment (TPA) function. The TPA was set up to address key controversies in the energy
field through comprehensive assessments of the current state of knowledge. It aims to provide
authoritative reports that set high standards for rigour and transparency, while explaining
results in a way that is useful to policymakers.

This report summarises the main conclusions from the TPA’s assessment of evidence for
global oil depletion. The subject of this assessment was chosen after consultation with energy
sector stakeholders and upon the recommendation of the TPA Advisory Group, which is
comprised of independent experts from government, academia and the private sector. The
assessment addresses the following question:

What evidence is there to support the proposition that the global supply of
‘conventional oil” will be constrained by physical depletion before 2030?

The Synthesis Report presents the main findings of this assessment. More detailed results are
contained in seven in-depth Technical Reports which are available to download from the
UKERC website:

e Technical Report 1: Data sources and issues

e Technical Report 2: Definition and interpretation of reserve estimates

e Technical Report 3: Nature and importance of reserve growth

e Technical Report 4: Decline rates and depletion rates

e Technical Report 5: Methods of estimating ultimately recoverable resources

e Technical Report 6: Methods of forecasting future oil supply

e Technical Report 7: Comparison of global supply forecasts

The assessment was led by the Steve Sorrell of the Sussex Energy Group (SEG) at the
University of Sussex and Jamie Speirs of the Imperial College Centre for Energy Policy and
Technology (ICEPT). The contributors were:

e Erica Thompson, Department of Earth Science and Engineering, Imperial College
(Technical Reports 2 and 3)

e Adam Brandt University of California, Berkeley (Technical Report 6)

e Richard Miller, Independent Consultant (Technical Reports 4 and 7)

e Roger Bentley, Department of Cybernetics, University of Reading (Technical Report 7)

e Godfrey Boyle, Director, EERU, The Open University (Technical Report 7)

e Simon Wheeler, Independent Consultant (Technical Report 7)
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About UKERC

The UK Energy Research Centre’s mission is to be the UK's pre-eminent centre of research
and source of authoritative information and leadership on sustainable energy systems. It
undertakes world-class research addressing the whole-systems aspects of energy supply and
use while developing and maintaining the means to enable cohesive research in energy.
UKERC is funded by the UK Research Councils.
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Executive Summary

Abundant supplies of cheap liquid fuels form the foundation of modern industrial economies
and at present the vast majority of these fuels are obtained from ‘conventional’ oil. But a
growing number of commentators are forecasting a near-term peak and subsequent terminal
decline in the production of conventional oil as a result of the physical depletion of the
resource. This is anticipated to lead to substantial economic dislocation, with alternative
sources being unable to ‘fill the gap’ on the timescale required. In contrast, other
commentators argue that liquid fuels production will be sufficient to meet global demand
well into the 21% century, as rising oil prices stimulate exploration and discovery, the
enhanced recovery of conventional oil and the development of ‘non-conventional’ resources
such as oil sands. The first group claims that physical depletion will have a dominant
influence on future oil supply, while the latter emphasise how depletion can be mitigated by
investment and new technology. A concern for both is whether the relevant organisations will
have the incentive and ability to invest.

Despite much popular attention, the growing debate on ‘peak oil’ has had relatively little
influence on energy and climate policy. Most governments exhibit little concern about oil
depletion, several oil companies have been publicly dismissive and the majority of energy
analysts remain sceptical. But beginning in 2003, a combination of strong demand growth,
rising prices, declining production in key regions and ominous warnings from market
analysts has increased concerns about oil security. While the global economic recession has
brought oil prices down from their record high of July 2008, the International Energy Agency
(IEA) is warning of a near-term ‘supply crunch’ owing to the cancellation and delay of many
upstream investment projects. An increasing number of commentators are warning that the
age of cheap oil is coming to an end.

Without sufficient investment in demand reduction and substitute sources of energy, a decline
in the production of conventional oil could have a major impact on the global economy. In
addition, the transition away from conventional oil will have important economic,
environmental and security implications which need to be anticipated if the appropriate
investments are to be made. While the timing of a future peak (or plateau) in conventional oil
production has been a focus of debate, what appears equally important is the rate at which
production may be expected to decline following the peak and hence the rate at which
demand reduction and alternative sources of supply may be required. In addition, there are
uncertainties over the extent to which the market may be relied upon to signal oil depletion in
a sufficiently timely fashion.

Overview

This report addresses the following question:

What evidence is there to support the proposition that the global supply of
‘conventional oil” will be constrained by physical depletion before 2030?

The report is based upon a thorough review of the current state of knowledge on oil
depletion, supplemented by data analysis and guided by an Expert Group. A total of seven
supporting reports have been produced and are available to download from the UKERC
website. This synthesis report clarifies the concepts and definitions relevant to the ‘peak oil’
debate, identifies the strengths and weaknesses of different methods for estimating the size of



oil resources and for forecasting future supply, highlights the degree of uncertainty associated
with key issues, compares contemporary forecasts of oil supply and assesses the risk of a
near-term peak in oil production.

The report focuses on ‘conventional oil’, defined here to include crude oil, condensate and
natural gas liquids (NGLs) and to exclude liquid fuels derived from oil sands, oil shale, coal,
natural gas and biomass. Conventional oil is anticipated to provide the bulk of the global
supply of liquid fuels in the period to 2030 and its resource base is comparatively depleted. A
peak in conventional oil production will only be associated with a peak in liquid fuels supply
if ‘non-conventional’ sources are unable to substitute in a sufficiently timely fashion. While
the economic potential of non-conventional fuels is of critical importance, it is beyond the
scope of this report.

The report also focuses on the broadly “physical’ factors that may restrict the rate at which
conventional oil can be produced, including the production profile of individual fields and the
distribution of resources between different sizes of field. While these are invariably mediated
by economic, technical and political factors, the extent to which increased investment can
overcome these physical constraints is contested. Global oil supply is also influenced by a
much wider range of economic, political and geopolitical factors (e.g. resource nationalism)
and several of these may pose a significant challenge to energy security, even in the absence
of ‘below-ground’ constraints. What is disputed, however, is whether physical depletion is
also likely to constrain global production in the near-term, even if economic and political
conditions prove more favourable. In practice, these ‘above ground’ and ‘below ground’ risks
are interdependent and difficult to separate. Nevertheless, this report focuses primarily on the
latter since they are the focus of the peak oil debate.

The report does not investigate the potential consequences of supply shortages or the
feasibility of different approaches to mitigating such shortages, although both are priorities
for future research.

Key conclusions
The main conclusions of the report are as follows:

1. The mechanisms leading to a ‘peaking’ of conventional oil production are well
understood and provide identifiable constraints on its future supply at both the
regional and global level.

e Oil supply is determined by a complex and interdependent mix of ‘above-ground’ and
‘below-ground” factors and little is to be gained by emphasising one set of variables
over the other. Nevertheless, fundamental features of the conventional oil resource
make it inevitable that production in a region will rise to a peak or plateau and
ultimately decline. These features include the production profile of individual fields,
the concentration of resources in a small number of large fields and the tendency to
discover and produce these fields relatively early. This process can be modelled and
the peaking of conventional oil production can be observed in an increasing number
of regions around the world.

e Given the complex mix of geological, technical, economic and political factors that
affect conventional oil production, anticipating a forthcoming peak is far from
straightforward. However, supply forecasting becomes more reliable once access is
available to the appropriate data and the range of ‘possible futures’ becomes more



constrained once the resource is substantially depleted. This is increasingly the case at
the global level.

Despite large uncertainties in the available data, sufficient information is available
to allow the status and risk of global oil depletion to be adequately assessed.

Publicly available data sources are poorly suited to studying oil depletion and their
limitations are insufficiently appreciated. The databases available from commercial
sources are better in this regard, but are also expensive, confidential and not
necessarily reliable for all regions. In the absence of audited reserve estimates, supply
forecasts must rely upon assumptions whose level of confidence is inversely
proportional to their importance — being lowest for those countries that hold the
majority of the world's reserves.

Data uncertainties are compounded by errors in interpretation and the slow progress
towards standardisation in reserve reporting. For example, it is statistically incorrect
to simply add the estimates of ‘proved’ reserves from different oil fields to obtain a
regional total. Doing so may lead to an underestimation of reserves at the regional and
global level which could potentially offset any overestimation of those reserves by
key producing countries. Hence, the debate on oil depletion would benefit from
improved understanding of the nature and limitations of the available data.

There is potential for improving consensus on important and long-standing
controversies such as the source and magnitude of ‘reserves growth’.

The distribution of conventional oil resources between different sizes of field is
increasingly well understood. Although there are around 70,000 oil fields in the
world, approximately 25 fields account for one quarter of the global production of
crude oil, 100 fields account for half of production and up to 500 fields account for
two thirds of cumulative discoveries. Most of these ‘giant’ fields are relatively old,
many are well past their peak of production, most of the rest will begin to decline
within the next decade or so and few new giant fields are expected to be found. The
remaining reserves at these fields, their future production profile and the potential for
reserve growth are therefore of critical importance for future supply.

Estimates of the recoverable resources of individual fields are commonly observed to
grow over time as a result of improved geological knowledge, better technology,
changes in economic conditions and revisions to initially conservative estimates of
recoverable reserves. This process appears to have added more to global reserves over
the past decade than the discovery of new fields and it seems likely to continue to do
so in the future. While the contribution of different factors varies widely between
different fields and regions, ‘reserve growth’ does not appear to be primarily the result
of conservative reporting.

Reserve growth tends to be greater for larger, older and onshore fields, so as global
production shifts towards newer, smaller and offshore fields the rate of reserve growth
may decrease in both percentage and absolute terms. At the same time, higher oil
prices may stimulate the more widespread use of enhanced oil recovery techniques.
The suitability of these techniques for different sizes and types of field and the rate at
which they may be applied remain key areas of uncertainty.

The oil industry must continually invest to replace the decline in production from
existing fields. The average rate of decline from fields that are past their peak of
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production is at least 6.5%/year globally, while the corresponding rate of decline from
all currently-producing fields is at least 4%/year. This implies that approximately 3
mb/d of new capacity must be added each year, simply to maintain production at
current levels - equivalent to a new Saudi Arabia coming on stream every three years.

Decline rates are on an upward trend as more giant fields enter decline, as production
shifts towards smaller, younger and offshore fields and as changing production
methods lead to more rapid post-peak decline. As a result, more than two thirds of
current crude oil production capacity may need to be replaced by 2030, simply to
prevent production from falling. At best, this is likely to prove extremely challenging.

Oil reserves cannot be produced at arbitrarily high rates. There are physical,
engineering and economic constraints upon both the rate of depletion of a field or
region and the pattern of production over time. For example, the annual production
from a region has rarely exceeded 5% of the remaining recoverable resources and
most regions have reached their peak well before half of their recoverable resources
have been produced. Supply forecasts that assume or imply significant departures
from this historical experience are likely to require careful justification.

4. Methods for estimating resource size and forecasting future supply have important
limitations that need to be acknowledged.

The ultimately recoverable resources (URR) of a region depend upon economic and
technical factors as much as geology and can only be estimated to a reasonable degree
of confidence when exploration is well advanced. Although widely criticised, simple
‘curve-fitting’ techniques for estimating URR have an important role to play when
field-level data is not available and also have much in common with more
sophisticated methods such as ‘discovery process modelling’. But they are best
applied to well-explored and geologically homogeneous areas with a consistent
exploration history. Since many regions do not meet these criteria, errors are likely to
result.

Many analysts have paid insufficient attention to the limitations of curve-fitting
techniques, such as the sensitivity of the estimates to the choice of functional form,
the frequent neglect of future reserve growth and the inability to anticipate future
cycles of production or discovery. This has led to underestimates of regional and
global URR and has contributed to excessively pessimistic forecasts of future supply.

Methods of forecasting future oil supply vary widely in terms of their theoretical
basis, their inclusion of different variables and their level of aggregation and
complexity. Each approach has its strengths and weaknesses and no single approach
should be favoured in all circumstances. Bottom-up models using field or project data
provide a fairly reliable basis for near to medium-term forecasts, but many existing
models are hampered by their reliance on proprietary datasets, lack of transparency,
neglect of economic variables and requirement for multiple assumptions. Sensitivity
testing and the presentation of uncertainties remain the exception rather than the rule.

The timing of a global peak (or plateau) in conventional oil production may be
estimated to within decadal accuracy assuming a particular value for the global URR
and no significant disruptions to the oil market. But given the potential for political,
economic, or technological disruptions, no model can provide estimates of great
precision. Increasing model complexity does little to address this problem and is
subject to rapidly diminishing returns.
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5. Large resources of conventional oil may be available, but these are unlikely to be
accessed quickly and may make little difference to the timing of the global peak.

Although estimates of the global URR of conventional oil have been trending
upwards for the last 50 years, the most recent estimates from the US Geological
Survey (USGS) represent a substantial departure from the historical trend.
Contemporary estimates now fall within the range 2000-4300 billion barrels (Gb),
compared to cumulative production through to 2007 of 1128 Gb. This wide range
leads to a corresponding uncertainty in global supply forecasts. But despite their
apparent optimism, assertions that the USGS estimates are ‘discredited’ are at best
premature. Global reserve growth appears to be matching the USGS assumptions and
although the rate of new discoveries is lower than implied by the USGS, the size of
these discoveries may have been underestimated and there are continuing restrictions
on exploration in some of the most promising areas.

The timing of the global peak for conventional oil production is relatively insensitive
to assumptions about the size of the global resource. For a wide range of assumptions
about the global URR of conventional oil and the shape of the future production
cycle, the date of peak production can be estimated to lie between 2009 and 2031.
Although this range appears wide in the light of forecasts of an imminent peak, it may
be a relatively narrow window in terms of the lead time to develop substitute fuels. In
this model, increasing the global URR by one billion barrels delays the date of peak
production by only a few days (for comparison, the cumulative production from the
UK is approximately 24 Gb). Delaying the peak beyond 2030 requires optimistic
assumptions about the size of the recoverable resource combined with a slow rate of
demand growth prior to the peak and/or a relatively steep decline in production
following the peak. These considerations constrain the range of plausible global
supply forecasts.

Although more optimistic estimates of the global URR of conventional oil appear
plausible, much of this is located in smaller fields in less accessible locations. If (as
seems likely) these resources can only be produced relatively slowly at high cost,
supply constraints may inhibit demand growth at a relatively early stage. Demand
growth may also be constrained if the national oil companies that control much of
these resources lack the incentive or ability to invest.

6. The risks presented by global oil depletion deserve much more serious attention by
the research and policy communities.

Much existing research focuses upon the economic and political threats to oil supply
security and fails to either assess or to effectively integrate the risks presented by
physical depletion. This has meant that the probability and consequences of different
outcomes has not been adequately assessed.

The short term future of oil production capacity, to about 20186, is relatively inflexible,
because the projects which will raise supply are already committed. Reasonable short-
term forecasts for any region can be constructed using widely available public data.
The primary issue for the short term is the cancellation and delay of these projects as a
result of the 2008 economic recession and the consequent risk of supply shortages
when demand recovers.

For medium to long-term forecasting, the number and scale of uncertainties multiply
making precise forecasts of the timing of peak production unwarranted. Nevertheless,
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we consider that forecasts that delay the peak of conventional oil production until
after 2030 rest upon several assumptions that are at best optimistic and at worst
implausible. Such forecasts need to either demonstrate how these assumptions can be
met or why the constraints identified in this report do not apply. On the basis of
current evidence we suggest that a peak of conventional oil production before 2030
appears likely and there is a significant risk of a peak before 2020. Given the lead
times required to both develop substitute fuels and improve energy efficiency, this
risk needs to be given serious consideration.

Policy implications

The evaluation of different mitigation options is beyond the scope of this report. However,
three general comments may be made.

First, it seems likely that mitigation will prove challenging owing to both the scale of
investment required and the associated lead times. For example, a report for the US
Department of Energy argues that large-scale programmes of substitution and demand
reduction need to be initiated at least 20 years before the peak if serious shortfalls in
liquid fuels supply are to be avoided (Hirsch, et al., 2005). While this report overlooks
many important mitigation options (e.g. public transport, electric vehicles) it also
assumes a relatively modest post-peak decline rate (2%/year) and ignores
environmental constraints. Hence, even 2030 may not be a distant date in terms of
developing an appropriate policy response.

Second, although many mitigation options are consistent with climate policy, the
economic impact of oil depletion could create strong incentives to exploit high-carbon
non-conventional fuels which could undermine efforts to prevent dangerous climate
change. For example, converting one quarter of the world's proved coal reserves into
liquid fuels would result in emissions of around 2600 billion tonnes of carbon dioxide
(COy), with less than half of these emissions being potentially avoidable through
carbon capture and storage. This compares to recommendations that total future
emissions should be less than 1800 billion tonnes if the most likely global warming is
to be kept to 2°C (Allen, et al., 2009). Hence, early investment in low-carbon
alternatives to conventional oil is of considerable importance.

Third, investment in large-scale mitigation efforts will be inhibited by oil price
uncertainty and volatility and seems unlikely to occur without significant policy
support. This investment can be encouraged by measures comparable to those being
established within national climate programmes. But greater and more rapid change
than is currently envisaged could potentially be required. For this to become
politically feasible requires both improved understanding and much greater awareness
of the risks presented by global oil depletion.
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Glossary

All-liquids

All-oil
API Gravity

BERR

Biofuels
Condensate
Conventional Oil
Crude Oil

CTLs

Cumulative
Discoveries

Cumulative Production

Decline Rate

Depletion

Depletion Rate

Collective term used to include crude oil, condensate, NGLs,
CTLs, GTLs and biofuels.

Collective term used to include crude oil, condensate and NGLs.

The American Petroleum Institutes standardised measure of crude
oil density. API gravity is measured in degrees. Definitions vary,
but light oil is often taken as > 30° API, medium oil as 20-30°
API, heavy oil as 10-20° API, and extra-heavy oil as <10° API.

UK Department for Business, Enterprise and Regulatory Reform.
The relevant responsibilities of this department are now taken over
by DECC.

Synthetic fuels made from biomass (such as corn or vegetable oil),
commonly refers to bio-ethanol and bio-diesel.

Very light oil which condenses from natural gas at surface
temperatures and pressures. Produced at natural gas wells and gas
processing plants. Includes pentanes (Cs) and heavier
hydrocarbons.

Taken in this report to include crude oil, condensate and NGLs,
and to exclude oil sands, shale oil and extra-heavy oil (non-
conventional oils).

A mixture of hydrocarbons that exist in liquid phase in natural
underground reservoirs and which remain liquid at atmospheric
temperature and pressure.

Coal-To-Liquids. Synthetic liquid fuel derived through the
gasification of coal followed by a Fischer-Tropsch process.

Total discoveries in the field or region at a particular point in time.
Given by the sum of cumulative production and reserves.

Total production from a field or region since production began

Annual rate at which oil production from a well, field or region
declines. When applied to a region, it is important to distinguish
between the overall decline rate which includes fields that have yet
to pass their peak of production, and the post-peak decline rate
which refers to the subset of fields that are in decline. Aggregate
estimates of decline rates are usually weighted by production.

The portion of the estimated ultimately recoverable resource
which has been produced.

The annual rate at which the recoverable resources of a field or
region are being produced. Defined as the ratio of annual
production to some estimate of recoverable resources. If the latter
is proved reserves, the depletion rate is the inverse of the R/P
ratio.
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Discovery

Discovery Cycle

DECC
EIA
EOR

EROI

Extra-heavy oil
Fallow Field

Field

FSU
GTL

Heavy Oil

Hydrocarbons

IEA

I0Cs

MMS
Natural Gas
NGLs

Either: a) the economically recoverable resources contained in
fields that are newly discovered within a particular time period; or
b) the change in cumulative discoveries from one period to the
next. These measures may not be the same owing to the
phenomenon of reserve growth.

A graph of discovery against time, from when discovery begins to
when it ends. An alternative term is discovery profile.

UK Department of Energy and Climate Change.
US Department of Energy’s Energy Information Administration.

Enhanced Oil Recovery, also called tertiary recovery. Typically
involves the introduction of gas, solvents, chemicals, microbes,
directional boreholes or heat into a reservoir to change the
properties of the oil and increase the recovery factor.

Energy Return On Investment. A measure of the ratio of energy
expended in oil exploration and production to energy recoverable
from the produced fuel.

Crude oil having an API gravity less than 10°. Because of its high
viscosity, extra-heavy oil has to be produced using steam injection.

An oil field that has been discovered but is not presently scheduled
for development.

An area consisting of a single reservoir or multiple reservoirs, all
related to a single geological structure. Fields may either be
discovered, under development, producing or abandoned and the
number of wells in a producing field may range from one to
thousands.

Former Soviet Union.

Gas-to-liquids. Synthetic fuel derived from the liquifaction of
methane using the Fischer-Tropsch process.

Commonly defined as crude oil having a API gravity less than
20°. Oil with API gravity less than 10° is often referred to as ‘extra
heavy’. This definition is not consistent, however, with Venezuela
including oil up to 22° as heavy, and Canada using 25°.

Any molecule consisting entirely of carbon and hydrogen atoms.
Petroleum is primarily a mixture of hydrocarbon molecules, but it
may also contain small amounts of, for example, oxygen, nitrogen,
sulphur, vanadium etc.

International Energy Agency.

International Oil Companies.

US Department of the Interior Minerals Management Service.
Methane found naturally occurring in reservoir rock.

Natural Gas Liquids. Light hydrocarbons found associated with
natural gas that are either liquid at normal temperatures and
pressures, or can be relatively easily turned into a liquid with the
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NOCs
0GJ
OO0lIP

Oil Sands

OPEC
Peak
Petroleum

Petroleum Basin

Plateau

Play

Primary Recovery
Production

Production Cycle

Prospect

Proved (1P) Reserves

Proved and probable

(2P) Reserves

Proved, probable and
possible (3P) Reserves

Province

application of moderate pressure.
National Oil Companies (i.e. State owned).
Oil and Gas Journal

Original Oil In Place. Total quantity of oil contained within a
reservoir, field or region before production begins.

Sandstone impregnated with heavy or extra-heavy oil that can be
mined and processed to produce syncrude.

Organisation of Petroleum Exporting Countries.
The highest annual production of oil from a field or region.

General name for all naturally occurring hydrocarbon species,
including gases, liquids and solids (bitumen).

A single area of subsidence which filled up with either
sedimentary or volcanic rocks and which is known or expected to
contain hydrocarbons. Sedimentary basins are the primary source
of petroleum, as a result of organic carbon being progressively
buried, heated and compressed.

Period surrounding production peak where annual production is
higher than a specified percentage of peak production.

An area for petroleum exploration, containing a collection of
petroleum prospects which share certain common geological
attributes and lie within some well-defined geographic boundary.

The recovery of oil under its own natural pressure.

Quantity of oil recovered from a field or region over a specified
period of time. Also termed rate of production, or rate of change of
cumulative production. Normally measured on a daily (mb/d) or
annual (Gb/year) basis.

A graph of production against time, from when production begins
to when it ends. An alternative term is production profile.

A geological anomaly that has some probability of containing
pools of recoverable hydrocarbons and is considered to be a
suitable target for exploration.

The quantity of oil in known fields which is considered to have
a high probability (e.g. >90%) of being economically recovered.

The quantity of oil in known fields which is considered to have
a medium probability (e.g. >50%) of being economically
recovered.

The quantity of oil in known fields which is considered to have
a low probability (e.g. >10%) of being economically recovered.

An area with common geological properties relevant to petroleum
formation. May contain a single or several petroleum basins. A
province is the largest entity defined solely on the basis of
geological considerations that is relevant for resource assessment.
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Recovery Factor

Refinery Gains

Remaining
Recoverable Resources

Reserves

Reserve Growth

Reservoir (or ‘pool’)

Resource

R/P Ratio

SEC
Secondary Recovery

Supply

Syncrude

Synfuels
UAE
URR

WEO
YTF

The percentage of original oil in place that can be recovered with
current or anticipated technology.

The difference between the volumetric output of refinery products
and the volumetric input of crude oil. Attributed to the production
of products which, on average, have a lower specific gravity than
the crude oil which was refined.

The economically recoverable resources that have yet to be
produced from a field or region. Defined as the sum of reserves,
anticipated future reserve growth and anticipated yet-to-find. May
be estimated to differing levels of confidence.

Those quantities of oil in known fields which are considered to be
technically possible and economically feasible to extract under
defined conditions. May be estimated to different levels of
confidence, such as proved reserves (1P); proved and probable
reserves (2P); or proved, probable and possible reserves (3P).

The phenomenon by which many fields ultimately produce more
oil than was initially estimated as reserves.

A subsurface accumulation of oil and/or gas which is physically
separated from other reservoirs and which has a single natural
pressure system. A single field may contain many reservoirs.

The total quantity of hydrocarbons estimated to exist in a region,
including those in known fields which are not considered
economically feasible to extract as well as those in undiscovered
fields.

Ratio of some measure of oil reserves to annual oil production.
Normally defined with respect to proved reserves.

US Securities and Exchange Commission.

The recovery of oil using water or gas injection to maintain
pressure.

Volume of produced oil that reaches the market. May be slightly
different from production since oil may be stored as strategic
reserves or lost through accident.

Synthetic crude oil made from the bitumen in Canadian oil sands.
Syncrude can be handled, pumped, piped and refined much as
conventional crude oil.

Liquid fuels made from coal (CTL) or gas (GTL).
United Arab Emirates.

Ultimately Recoverable Resource. The amount of oil that is
estimated to be economically extractable from a field or region
over all time — from when production begins to when it finally
ends. An alternative term is estimated ultimate recovery (EUR).

IEA World Energy Outlook.
Yet-To-Find. The amount of economically recoverable oil that is

XViil



expected to be discovered in a region in a relevant time frame.

Units
b Barrels. 42 US Gallons or 158.76 litres
kb Thousand barrels
mb Million barrels
mb/d Million barrels per day
Gb Billion barrels
boe Barrel of oil equivalent (6.1 GJ)
m?® Cubic meters

t Tonnes
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