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Foreword

This 20th WEC Survey of Energy Resources contains a chapter for each energy resource, ranging from
the conventional fossil fuels to the renewables, both new and traditional. Generally, the coverage of
each resource comprises a commentary by a leading expert in the field, followed by definitions, data
tables and country notes. The tables summarise the worldwide resources, reserves, production and
consumption of fossil fuels and comparable data for non-fossil energy sources, as applicable. The
country notes aim to highlight the main features of the resource and its utilisation.

¢ Reserves/Resources — where relevant, tables of fossil fuels provide reserve statistics (covered
globally from WEC and non-WEC sources) and amounts in place (as reported by WEC Member
Committees);

¢ Tabulations — data tables are arranged on a standard regional basis throughout;

e Units — where relevant, data have been provided in alternative units (cubic feet as well as cubic
metres, barrels as well as tonnes) in order to facilitate use of survey data in an industry context;

¢ References and Sources — as far as possible, these have been consolidated in introductory notes to
the data tables and country notes, or appended to the commentaries on each resource.

Any review of energy resources is critically dependent upon the availability of data, but reliable,
comprehensive information does not always exist. While the basis of the compilation was input
provided by WEC Member Committees, completion necessitated recourse to a multitude of national
and international sources and in some cases estimation. Difficulties in obtaining information continue
to be compounded by current trends in the energy sector. The availability of data has been reduced with
the process of deregulation and privatisation, as data-reporting channels have been lost or specific
items have become confidential. Moreover, problems in the quantification of energy resources persist,
in particular for those universally-found resources: solar energy, wind power and bioenergy, owing to
their evolutionary status and generally decentralised nature.

Although there will always be a problem with complete documentation of both solar and wind
energy, the coverage of both has been much improved in this edition of the Survey. The utilisation of
these two globally-available resources is expanding at both macro and micro levels but while the
information regarding high-profile schemes (e.g. large offshore windfarms or solar roof programmes)
is widely available, that for, say, isolated stand-alone wind turbines or PV installations for remote
medical refrigeration is not and probably never will be.

Another problematical area is that of the definitions relating to resources and reserves: it is well
recognised that each country tends to have its own notion of what constitutes resources and reserves. In
this connection, we welcome a contribution from Dietmar Kelter, describing the work of the UN/ECE
Ad Hoc Group of Experts which has been developing the UN Framework Classification for
Reserves/Resources. In due course it is to be hoped that this work will provide the basis for a
worldwide harmonisation of the relevant terminology. In the meantime, the resources and reserves
specified in the present Survey conform as far as possible with the established definitions specified
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Foreword

by the WEC. It is a matter of judgement for each member country to determine which, among
the available assessments of resources and reserves, best meet these definitions. A similar approach has
been followed for non-reporting countries, for which the editors have selected the levels of reserves
which, in their opinion, are most appropriate.

For this edition of the Survey it has been possible to greatly expand and improve the coverage of oil
shale and natural bitumen and extra-heavy oil. Globally, whilst not being in today’s front rank of
developed energy reserves, huge resources of these minerals exist with, at the present time, limited
exploitation. Nevertheless, inclusion is vitally important for the time when their large-scale
development may become a reality.

With a wealth of R&D being undertaken in the marine energy sector, the focus is primarily on
harnessing energy from tidal currents, rather than by means of barrages. For this reason, coverage of
the two modes has been combined into one chapter (Tidal Energy).

As editors, we strive to develop and maintain contacts in the energy world and hope that in time the
availability of data will not only improve but expand to cover those energy resources that presently go
unrecorded (or under-recorded).

We are grateful to all those who have helped to produce this Survey: we extend our thanks to the
WEC Member Committees, to the authors of the Commentaries and to Alessandro Clerici for his
guidance and for contributing the Overview.

Judy Trinnaman and Alan Clarke
Editors
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Overview

Any long-term strategic decision requires due diligence and hard data. This is particularly true in the
energy sector, with its long project lead times, which can span decades. The World Energy Council has
been producing the Survey of Energy Resources, a unique and authoritative reference publication on
global energy resources, since 1934. This is the 20th edition of the this triennial Survey.

Access to energy is fundamental to our civilisation, and economic and social development is
fuelling a growing demand for reliable, affordable and clean energy. Moreover, nearly 1.6 billion
people, or roughly a quarter of the world’s population, today lack access to modern energy services. On
the other hand, global energy resources are abundant and energy production, conversion and transport
technologies are improving rapidly. This makes it possible to transport energy ever more efficiently
over long distances and creates logistical conditions which were unimaginable just a few years ago. At
the same time, environmental factors are playing an increasingly important role in shaping the global
energy sector and the entire energy supply and use chain.

Following a period of low oil prices and the ensuing complacency at the end of the 20th century,
energy security is back on political and public agendas: geopolitics is a major factor shaping the world
today. Recent events, including the increasing tensions in the oil-rich Middle East, highlight the
fragility of the world’s energy supply system and raise concerns over politically motivated supply
disruptions and resulting price volatility. These concerns are not based on the overall availability of
resources, but on the concentration of strategic energy resources in a few countries.

The ongoing privatisation and market liberalisation processes around the world, and the evolving
energy regulation and environmental legislation, are creating even more uncertainties in the market.
This calls for a balanced approach to the planning of the energy mix and for a maximum deployment of
domestic energy resources when feasible. Local resources and renewable energies, together with
improved efficiency throughout the whole production, supply and use chain will contribute to
improving energy security.

The focus on short-term shareholder returns prevailing in the global capital markets today is
detrimental to many energy projects, which offer long-term returns that are moderate but reliable.

Fossil Fuels

Global reserves of the main fossil fuels, particularly coal, are large enough to ensure their
continuing dominance of energy supply for the foreseeable future.

Coal

Coal — the most abundant and widely distributed fossil fuel — can provide an affordable, reliable,
and safe source of energy for hundreds of years, but today it faces serious environmental challenges.
Although there are advanced clean coal technologies, which significantly reduce emissions from
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coal-fired power generation plants, their costs are high. This will inevitably inhibit their wider
deployment in the regions and countries where the use of coal is expected to grow most. Moreover, the
issue of the high CO, emissions of coal-fired plants compared to gas-fired combined cycle technologies
remains unresolved.

Oil

The past couple of years have clearly demonstrated the volatile nature of oil and the world’s
continuing dependence on this leading energy resource. The doubling of oil prices during the last few
years has not, however, been caused by dwindling reserves. The Survey demonstrates that global
reserves of oil are still large enough to meet the demand for the next few decades, and the continuous
improvement in exploration, processing, conversion and end-use technologies may extend this period
even further. Concentration of oil resources in a few regions and long supply routes to the main markets
are at the heart of the issue.

Natural Gas

Global natural gas reserves are large and currently yield a reserve/production ratio of 50 to 60 years.
It is widely expected that in the coming 2-3 decades natural gas will overtake oil as the most important
energy resource in the world. Few, however, realise that this would be a huge challenge, not least due to
the enormous investment requirement. Where will the necessary investment come from? The most
prominent project in the gas industry so far, the development of the Troll gas field in the Norwegian
part of the North Sea, has cost billions of euros to implement. Such investment would have hardly been
possible on the basis of spot market prices.

It is also expected that LNG will be playing an increasingly important role, particularly in supplying
remote markets. Its market penetration will continue to grow, spurred by technological developments
in the liquefaction/re-gasification processes and a reduction in transport costs.

Uranium and Nuclear

As a result of growing international efforts in nuclear disarmament at the end of the last century,
nuclear fuel from surplus military plutonium entered the commercial market and began to curtail
demand for freshly mined uranium. Currently, freshly mined uranium accounts for just over half of the
global annual reactor fuel demand, with the balance provided by secondary sources. Known uranium
reserves are more than adequate to cover the requirements of existing reactors during their lifetimes
and beyond.

In mid-2004 the nuclear power industry celebrates its 50th anniversary. The first nuclear power
plant in the world was commissioned in Obninsk, Russia in 1954. Nuclear power’s share of worldwide
electricity supplies has been steady at 16—17% for many years, but it is expected to decline as old
plants are de-commissioned and only a few new ones built. Reactor safety, waste disposal and plant
decommissioning are still matters of concern.

Demand for new nuclear power is coming primarily from Asia, while in Western Europe, the only
new nuclear reactor to be constructed is a 1 600 MW, European Pressurised Water Reactor ordered by
the Finnish utility TVO.

X1V



Overview

Renewable Resources

Although the worldwide production of renewable energy is expected to grow quickly, its share of
the global energy mix will hardly increase.

Hydropower is the largest and most important renewable resource and generates about 17% of the
world’s electricity. It is estimated that only 33% of the technically and economically feasible global
potential of hydropower has been developed to date, although there are significant regional variations.
In Europe and North America, the majority of sites have been developed, while considerable potential
for new development remains in Africa, Asia and South America. Large hydropower schemes,
however, often face challenges due to their environmental impacts and long-term returns on
investment.

Non-hydro renewables are expected to make a growing contribution to global power generation,
even if their total share is likely to reach only about 5% in 2030.

Biomass has the potential to become the world’s largest and most sustainable renewable energy
source. To progress from this “potential” stage, both production and end-use technologies must be
modernised.

Wind is often considered to be the most advanced of the renewables, after hydropower. Offshore
projects spur the development of larger machines and wind turbines of up to 5 MW are about to enter
the market. However, the electricity systems with an increasing share of wind power in their fuel mix
will have to face new challenges. Experience in those countries with a high share of wind in their
electricity production (i.e. ~20% and above), demonstrates the problems of integrating an intermittent
energy source into the grid and the implications this can have for the global power system performance,
including the need for new concepts for power plant operation scheduling and system control.

Geothermal is an important renewable resource and it can be utilised for base-load electricity
production. The best geothermal fields are located within well-defined belts of geologic activity.
Geothermal energy converting systems are able to provide electricity with an annual capacity factor of
over 90%.

Solar radiation, the earth’s prime source of energy, is being increasingly utilised. While
photovoltaic (PV) power generation is still the most expensive solar technology, costs are falling and
its versatility enables it to find many stand-alone applications.

Other Resources

The 2004 Survey of Energy Resources also presents the status of other energy resources, namely
peat, oil shale, tidal, OTEC (ocean thermal energy conversion), natural bitumen and extra-heavy oil,
wave and wood, all of which have a potential to help meet growing demand for energy around the
world.

Environmental laws which penalise emissions from power plants or transportation and grant
subsidies to selected renewables can create artificial local niches for certain energy sources. This may
have an adverse impact on global energy prices and investment.

Conclusions

The overall conclusion drawn from this edition of the Survey is that there is no shortage of energy
resources around the world. However, the physical concentration of the leading strategic resources in
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only a few regions is a serious concern for many countries dependent on imported supplies.
A diversified fuel mix is a prerequisite for energy security, stability of prices and supply, and should be
taken into consideration when developing national energy plans or long-term business strategies, in
particular against the background of the growing short term focus of the liberalised energy markets.

Alessandro Clerici

Chairman, Survey of Energy Resources Committee
Chairman, WEC Italian Member Committee
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Coal (including Lignite)

COMMENTARY
Global Recoverable Reserves and
Production
Coal Demand
Coal Trade
Environmental Issues
DEFINITIONS
TABLES
Table Notes
COUNTRY NOTES

COMMENTARY

Three years have passed since the last Survey
of Energy Resources was published, and in that
time the coal industry has seen some significant
changes. Total world production has increased,
yet the number of companies involved in coal
mining has reduced, and there has been a notable
shift both in demand and production to the Asian
market.

That coal can continue to supply the world’s
energy is not in doubt. The IEA has stated
‘World reserves of coal are enormous and,
compared with oil and natural gas, widely
dispersed.... Proven coal reserves have
increased by over 50% in the past 22 years.
The correlation of strong growth of proven coal
reserves with robust production growth suggests
that additions to proven coal reserves will
continue to occur in those regions with strong,
competitive coal industries’.

2004 Survey of Energy Resources
© 2004 World Energy Council
Published by Elsevier Ltd. All rights reserved
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Global Recoverable Reserves
and Production

Based on figures (data to end-2002) given by
WEC Member Committees and from a variety
of other sources, total recoverable reserves
(i.e. those deposits that are economically viable
at today’s prices and can be recovered using
current technologies) have slightly reduced by
8% since 1999, to just under 910 billion tonnes.
This is almost entirely due to economic re-
appraisal of the German coal mining industry—
worldwide the proven reserve base repre-
sents nearly 200 years of production at current
rates.

However, production figures show an
increase of 11% over 1999 levels. Of this, sub-
bituminous coal production remained more or
less at the same level, while bituminous coal
production increased by 440 million tonnes and
lignite by 35 million tonnes.

Africa

The bulk of Africa’s 220 mt total coal
production in 2002 was bituminous coal, domi-
nated by South Africa. 45 thousand tonnes of
sub-bituminous coal was produced, from just
two countries—Malawi and Nigeria. Although
overall production in Congo and Tanzania is
low, there have been significant relative gains
since 1999. Egypt has experienced a major
decline in coal production, from 200 000 tonnes
in 1999 to only 37 000 tonnes in 2002.

The proved recoverable reserves figure for
Africa has been downgraded by 9%, owing to a
significant reappraisal of the reserves reported
for Botswana.
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North America

The amount of proved recoverable coal
reserves in Canada, Mexico and Greenland has
remained static, with a slight decrease reported
for the USA. Total reserves for North America
amount to about 250 billion tonnes. Overall
production figures show a similar story—a
decrease for the region of around 1%, to just
over 1 billion tonnes. The USA accounts for the
bulk of this production, with 990 mt. It reports
increased production of sub-bituminous coal,
with a decrease in bituminous coal production in
the order of 50 mt.

South America

Production in South America has increased
by roughly 16% over the period—notably due to
increased production of bituminous coal in
Colombia and Venezuela for the export market.
There has been a halving of the already
low levels of production in both Argentina and
Chile.

In regional terms, South America has the
second lowest proved recoverable reserves
figure, at just under 20 mt, an 8.5% decrease
from the 1999 figures.

Asia

The overall production figures for the Asian
region have increased by 26%, reflecting the
increasing importance of the region as both a
supplier and consumer of coal. The major
producers are China (1.4 billion tonnes), India
(360 mt) and Indonesia (103 mt). Both Japan
and Korea have significantly reduced their coal
production, due to the high cost of domestic
production compared to the price of imported
coal on the Asian market.

Reserve figures for the region have remained
stable at nearly 260 billion tonnes, a slight
increase of 2% over 1999.

Over recent years there have been some
concerns raised over the accuracy of Chinese
coal statistics, which as such a large supplier can
have significant impacts on global demand and
production figures, and affect global environ-
mental issues such as CO, emissions. It is

interesting to note that the end-2002 reserves
figures reported for China are the same as at
end-1999.

Europe

Coal production in Europe has slightly
increased over the 1999 figures, mainly through
higher levels of lignite production. Bituminous
coal production has decreased, notably in
Germany, Spain, France, Poland and the UK.

Proven reserves are significantly lower than
in 1999, with a reduction of over 20% during
the period. The bulk of this is due to the very
significant decrease in the size of German
reserves, which due to the economic reappraisal
of the mining industry have reduced by almost
90%, from 66 billion tonnes in 1999 to just under
7 billion by the end of 2002.

Middle East

Iran is the only coal producer in the Middle
East region, producing 1.8 mt in 2002, an
increase of 17% over 1999. Proved recoverable

reserves have fallen by 75%, from 1 710 mt in
1999 to just 419 mt in 2002.

Oceania

Australia is the world’s leading exporter of
coal, and is ranked 4th worldwide in terms of
annual production, with 340 mt in 2002. The
majority of the coal produced is bituminous coal
for export, although it does have a sizeable
lignite industry supplying the domestic power
generation market. New Zealand is a small
producer for a mainly domestic market, although
it does export some specialist coals, e.g. for
carbon steel. Reserves in New Zealand have
remained static, although a 4% drop in bitumi-
nous coal reserves in Australia is reported.

Fig. 1.1 shows proven coal reserves by
geographical distribution, highlighting the
dominance of three key regions—Europe,
North America and Asia. Coal resources are
more geographically widespread, while reserves
are governed by economic viability—and thus
are more likely to be concentrated in countries
where coal is a commodity, either for domestic
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energy use or as an export product. The top 10
producing countries together make up 85% of
total global coal production (Fig. 1.2).

Coal reserves can change significantly and
rapidly, as policies change and resources lose
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FIGURE 1.2 The top ten coal producing countries
in 2002.
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FIGURE 1.3 Coal production, 2002—by region.

or gain viability. This is clearly shown in the
European data, where despite maintaining
overall production figures (due to increased
lignite production in Germany and Greece),
European reserves have shifted downwards
since 1999, reflecting the decline in the hard
coal industry in Western Europe and restructur-
ing in the transitional economies, particularly
in Poland.

That Asia is now the focus of global
production can clearly be seen in Fig. 1.3.
With over 2 billion tonnes of coal produced, an
increase of over 25% between 1999 and 2002,
the Asian region coal production is double that
of the next largest, North America. With global
proved recoverable reserves remaining high it
would seem there is no practical restraint on the
continuing use of coal.

Coal Demand

Significant changes in the location of coal
demand have taken place over the last 20 years. In
1980 Europe, the former Soviet Union and North
America consumed roughly the same quantities
of hard coal for their power generation and
steelmaking needs. North America’s demand has
stayed roughly static, as a percentage of total
global consumption (in real terms, an increase
of 300 mt over the period). However, by 1990
the trends were of decreasing demand in Europe
and the FSU. Demand in the Asia—Pacific
region for hard coal, in contrast, has increased
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dramatically from 34 to 52% over the same
period—equivalent to almost 1 billion tonnes.

According to the BP Statistical Review
of World Energy, world coal consumption
increased by 6.9% in 2002. However, this was
almost entirely a Chinese phenomenon: reported
consumption in China rose by an extraordinary
27.9%. Excluding China, world coal consump-
tion grew by just 0.6%.

One reason for this is the huge increase in
demand for electricity in Asian countries.
China’s electrification programme, for example,
has connected 700 million people over the last
15 years. As a result of the programme, annual
electricity production in China has increased by
nearly 1 000 TWh: 84% of this is coal-fired.
Forecasts indicate that this regional trend will
continue, with the bulk of the projected increase
in global coal demand coming from the region.
According to IEA reports, China has experi-
enced an ongoing decline in coal demand since
1996, but demand increased strongly in 2002,
largely owing to continued strong economic
growth.

Japan continues to be the largest importer of
hard coal—both steam coal and coking coals—
and is projected to account for 24% of total world
imports by 2020. Other Asia—Pacific countries,
such as Malaysia, the Philippines and Thailand,
are looking to coal to diversify their energy mix
and provide a secure supply of affordable energy
to meet their growing electricity needs.

The decline of coal consumption in the EU
can be attributed to a number of factors,
including more stringent environmental legis-
lation, the availability of gas from the North Sea
and Russia, as well as increasingly from North
Africa and the Middle East. As older coal-fired
plant faced retirement, the capital costs of
building combined-cycle gas plant were con-
siderably lower than building a new coal-fired
plant with the required environmental controls,
and at a time when gas prices were relatively
low, were the economic option. However,
such long-term decisions can be affected by
the vagaries of the gas market—as happened
in the UK in 2001 when coal-fired plants were

brought back on-line owing to sudden increases
in gas prices.

Coal Trade

In 2002, hard coal trade continued to expand,
growing to 623 mt (435 mt steam coal, 188 mt
coking coal). Worldwide hard coal trade is
divided into seaborne trade of 579 mt and internal
trade of 44 mt. Steam coal exports from Russia
increased by 33% over 2001 levels and from
Australia by 6%. Significant reductions in exports
were seen from Kazakhstan, China, the USA
and Colombia. Coking coal exports generally
decreased in 2002, with the exception of China,
which achieved a 20% increase in shipments.

In 2002, international hard coal trade in
maritime traffic totalled about 16% of the
worldwide hard coal output. Almost 85% of
hard coal output is thus consumed in the
producing country itself—in particular for
power generation and by some key industries,
such as iron and steel, cement and chemicals.
This is especially true for the three biggest hard
coal producers—China, the USA and India.

However, between 1998 and 2001 coal
exports from China grew from 32 to 90 mt—an
increase of 179%, making it the world’s second
largest coal exporter. Preliminary Chinese data
suggest that 2002 exports of 84 mt would
maintain China’s position in the world export
league.

Environmental Issues

Environmental policies are the key factor in
determining the future role of coal around the
world. While coal can and does provide an
affordable, reliable, secure and safe source of
energy it, along with other fossil fuels, continues
to face environmental challenges. The introduc-
tion of carbon taxes, emissions trading and other
policies to restrict emissions of greenhouse gases
to the atmosphere will have an adverse effect on
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FIGURE 1.4 The coal-fired route to CO, reduction (Source: WCI, 2003).

the global coal market. Yet the crucial issue is
how coal is used, not the fuel itself (Fig. 1.4).

Technologies have already been developed
that are capable of almost entirely eliminating
local and regional pollutants from coal-fired
power generation, and efficiency gains can
significantly reduce carbon dioxide emis-
sions—the thermal efficiency of coal-fired
electricity generation underwent an eight-fold
improvement during the 20th Century. How-
ever, if coal is to maintain its place in the
energy mix of the future, the development and
deployment of improved coal technologies has
to continue.

Ongoing developments in supercritical con-
ventional coal combustion are likely to bring

the thermal efficiency of coal burning to over
50%. The gasification of coal in integrated
combined cycle (IGCC) systems is becoming
increasingly well understood and commercially
practical. Near-zero emissions can be realised if
such IGCC systems are combined with emerging
carbon-capture and storage technology.

Indeed coal, via gasification technology, has
the potential to become a mainstay of a future
‘hydrogen economy’. It is an abundant potential
source of the huge quantities of manufactured
hydrogen that would be required for the wide-
spread application of emissions-free hydrogen-
based energy systems.

Christine Copley
World Coal Institute
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DEFINITIONS

Proved amount in place is the resource remain-
ing in known deposits that has been carefully
measured and assessed as exploitable under
present and expected local economic con-
ditions with existing available technology.

Maximum depth of deposits and minimum
seam thickness relate to the proved amount
in place.

Proved recoverable reserves are the tonnage
within the proved amount in place that can
be recovered in the future under present
and expected local economic conditions with
existing available technology.

Estimated additional amount in place is the

indicated and inferred tonnage additional to
the proved amount in place that is of foresee-
able economic interest. It includes estimates
of amounts that could exist in unexplored
extensions of known deposits or in undiscov-
ered deposits in known coal-bearing areas, as
well as amounts inferred through knowledge
of favourable geological conditions. Specu-
lative amounts are not included.

Estimated additional reserves recoverable

is the tonnage within the estimated addi-
tional amount in place that geological and
engineering information indicates with
reasonable certainty might be recovered in
the future.



Table Notes

The tables cover bituminous coal (including
anthracite), sub-bituminous coal and lignite.
Data for peat are given in Chapter 8. There is
no universally accepted system of demarcation
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between coals of different rank and what is
regarded as sub-bituminous coal tends to vary
from one country to another. Moreover, if it is
not isolated as such, sub-bituminous is some-
times included with bituminous and sometimes
with lignite.

TABLE 1.1
Coal: proved recoverable reserves at end-2002 (million tonnes)
Bituminous including Sub-bituminous Lignite Total
anthracite

Algeria 40 40
Botswana 40 40
Central African Republic 3 3
Congo (Democratic Republic) 88 88
Egypt (Arab Republic) 21 21
Malawi 2 2
Morocco N N
Mozambique 212 212
Niger 70 70
Nigeria 21 169 190
South Africa 48 750 48 750
Swaziland 208 208
Tanzania 200 200
Zambia 10 10
Zimbabwe 502 502
Total Africa 50 162 171 3 50 336
Canada 3471 871 2 236 6 578
Greenland 183 183
Mexico 860 300 51 1211
United States of America 111 338 101 978 33 327 246 643
Total North America 115 669 103 332 35614 254 615
Argentina 424 424
Bolivia 1 1
Brazil 10 113 10 113
Chile 31 1150 1181
Colombia 6 230 381 6611
Ecuador 24 24
Peru 960 100 1 060
Venezuela 479 479
Total South America 7 701 12 068 124 19 893

(continued on next page)
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TABLE 1.1 (Continued)

Bituminous including Sub-bituminous Lignite Total
anthracite

Afghanistan 66 66
China 62 200 33 700 18 600 114 500
India 90 085 2 360 92 445
Indonesia 740 1322 2 906 4 968
Japan 359 359
Kazakhstan 28 151 3128 31279
Korea (DPR) 300 300 600
Korea (Republic) 80 80
Kyrgyzstan 812 812
Malaysia 4 4
Mongolia

Myanmar (Burma) 2 2
Nepal 1 1
Pakistan 60 2 990 3 050
Philippines 22 144 70 236
Taiwan, China 1 1
Thailand 1354 1 354
Turkey 278 761 3147 4 186
Uzbekistan 1 000 3 000 4 000
Vietnam 150 150
Total Asia 183 358 36 368 38 367 258 093
Albania 794 794
Austria 20 20
Bulgaria 4 91 2 092 2 187
Croatia 6 33 39
Czech Republic 2 094 3242 216 5552
France 15 15
Germany 183 6 556 6 739
Greece 3 900 3 900
Hungary 198 199 2 960 3 357
Ireland 14 14
Italy 27 7 34
Netherlands 497 497
Norway 5 5
Poland 14 000 14 000
Portugal 3 33 36
Romania 22 3 469 494
Russian Federation 49 088 97 472 10 450 157 010
Serbia & Montenegro 9 656 15 926 16 591
Slovakia N 172 172
Slovenia 40 235 275
Spain 200 300 30 530
Sweden 1 1
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Bituminous including Sub-bituminous Lignite Total
anthracite
Ukraine 16 274 15 946 1 933 34 153
United Kingdom 220 220
Total Europe 82 827 117 982 45 826 246 635
Iran (Islamic Republic) 419 419
Total Middle East 419 419
Australia 38 600 2 200 37 700 78 500
New Caledonia 2 2
New Zealand 33 205 333 571
Total Oceania 38 635 2 405 38 033 79 073
Total World 478 771 272 326 157 967 909 064

Notes:

(1) A quantification of proved recoverable reserves for Mongolia is not available.
(2) Sources: WEC Member Committees, 2003; data reported for previous WEC Surveys of Energy Resources; national and
international published sources.

TABLE 1.21

Bituminous coal (including anthracite): resources at end-2002

Proved amount in place

Estimated additional

Tonnage

thickness (m)

Maximum depth Minimum seam Amount in place
(million tonnes) of deposits (m)

(million tonnes)

Reserves
recoverable
(million tonnes)

Africa

Botswana

Egypt (Arab Rep.)
South Africa
Swaziland

North America

Canada

3340 85
27

115 000 350

567 550

4 609 1 200

5.5

1.0
1.0

0.6

450

92 224 62 445

(continued on next page)
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TABLE 1.2I (Continued)
Proved amount in place Estimated additional
Tonnage Maximum depth Minimum seam Amount in place Reserves
(million tonnes) of deposits (m) thickness (m) (million tonnes) recoverable
(million tonnes)

USA 246 804 671 0.3 445 346
South America
Argentina 4
Chile 64
Venezuela 1 308 6 955
Asia
Indonesia 1139 5770 53
Japan 4772 900 0.6 6 298
Philippines 36 500 0.6 8 5
Taiwan, China 100 800 0.4
Turkey 428 1 300 0.3 658
Europe
Austria 1
Bulgaria 4 150 0.6
Croatia 4
Czech Republic 7 155 1 600 0.6 7 065
France 160 1 300 1.0
Germany 383 1 600 0.6 23 000 8 371
Hungary 1595 1 000 0.4 296 37
Netherlands 1 406 1 500 0.8 2 750 1 375
Poland 46 000 1 000 1.0 59 000-80 000
Romania 29 2 185 187
Serbia & Montenegro 78 0.5
Spain 1 300 1 200 0.5 3 000 200
Ukraine 21 699 1 800 0.5 5 423
Middle East
Iran 12 700-50 000
Oceania
Australia 56 500 600 0.3 125 000 75 000
New Zealand 45 942 313

Notes:

(1) The data on resources are those reported by WEC Member Committees. They thus constitute a sample, reflecting the
information available in particular countries: they should not be considered as complete, or necessarily representative of

the situation in each region. For this reason, regional and global aggregates have not been computed.
(2) Sources: WEC Member Committees, 2003.
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TABLE 1.211
Sub-bituminous coal: resources at end-2002
Proved amount in place Estimated additional
Tonnage Maximum depth Minimum seam Amount in place Reserves

(million tonnes) of deposits (m) thickness (m) (million tonnes) recoverable
(million tonnes)

North America

Canada 1153 300 1.5 48 764 15 165
Greenland 183 550 200 100
USA 165 150 305 1.5 273 593

South America

Argentina 697 800 0.5 273

Brazil 17 033 870 0.5 15 319 7 660
Chile 91

Asia

Indonesia 2 034 10 301 95
Japan 5936

Korea (Republic) 134 1 000 0.6 377 122
Nepal 5 0.5

Pakistan 105 2 000 0.2 250 140
Philippines 184 300 0.6 115 80
Turkey 1 526 828 0.4 202

Europe

Bulgaria 254 390 1.5

Czech Republic 1943 500 2.0 4 403
Hungary 3204 500 0.8 1 289 78
Italy 60 500 1.4 280

Norway 52 450 0.6

Romania 8 223 13
Serbia & Montenegro 949 2.0

Slovenia 57 190 10.0

Spain 800 200 3.0 1 600 300
Sweden 4 15 0.5 20

Ukraine 21 261 1 800 0.6 5502

Oceania

Australia 3500 200 1.5 27 900 20 700
New Zealand 376 2 085 682
Notes:

(1) The data on resources are those reported by WEC Member Committees. They thus constitute a sample, reflecting the
information available in particular countries: they should not be considered as complete, or necessarily representative of
the situation in each region. For this reason, regional and global aggregates have not been computed.

(2) Sources: WEC Member Committees, 2003.
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TABLE 1.2111

Lignite: resources at end-2002

Proved amount in place Estimated additional
Tonnage Maximum Minimum Amount in Reserves
(million depth seam place (million recoverable
tonnes) of deposits (m) thickness (m) tonnes) (million tonnes)
North America
Canada 2 961 50 1.5 51 034 42 115
USA 39 558 61 0.8 393 822
South America
Argentina 7 350 680
Asia
Indonesia 4 474 22 655 209
Japan 1186
Pakistan 3180 280 0.3 67 910
Philippines 82 100 1.0 53 45
Thailand 700 0.3
Turkey 5 812 492 0.4 534
Europe
Austria 335
Bulgaria 3 655 120 0.8
Croatia 41
Czech Republic 623 130 1.5 190
France 114 1 000 1.0
Germany 7136 550 5.0 69 260 34 100
Greece 5 800 400 1.0 2 500 1 000
Hungary 5 828 200 1.0 1 341
Italy 15 150 3.0 22 20
Poland 13 984 350 3.0 41 000
Romania 4 053 9 905 1527
Serbia & Montenegro 20 578 10.0
Slovakia 389
Slovenia 602 547 8.0
Spain 30 50 0.5
Ukraine 2 578 400 2.7 320
Oceania
Australia 41 900 300 3.0 175 800 158 200
New Zealand 2 297 9 817 7 078
Notes:

(1) The data on resources are those reported by WEC Member Committees. They thus constitute a sample, reflecting the
information available in particular countries: they should not be considered as complete, or necessarily representative of
the situation in each region. For this reason, regional and global aggregates have not been computed.

(2) Sources: WEC Member Committees, 2003.
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TABLE 1.3
Coal: 2002 production (thousand tonnes)
Bituminous Sub-bituminous Lignite Total

Algeria 20 20
Botswana 956 956
Congo (Democratic Republic) 100 100
Egypt (Arab Republic) 37 37
Malawi 35 35
Morocco N N
Mozambique 20 20
Niger 165 165
Nigeria 10 10
South Africa 214 652 214 652
Swaziland 553 553
Tanzania 75 75
Zambia 70 70
Zimbabwe 4130 4130
Total Africa 220 778 45 220 823
Canada 29 600 25 900 11 300 66 800
Mexico 5168 6 237 11 405
United States of America 520 244 397 668 74 806 992 718
Total North America 555 012 429 805 86 106 1070 923
Argentina 160 160
Brazil 5 100 5100
Chile 95 265 360
Colombia 39 510 39 510
Peru 25 25
Venezuela 8 000 8 000
Total South America 47 790 5 365 53 155
Afghanistan 2 2
Bhutan 65 65
China 1 343 350 50 000 1 393 350
Georgia 6 6
India 334 970 23 920 358 890
Indonesia 103 372 103 372
Japan 1 369 1369
Kazakhstan 70 603 2618 73 221
Korea (Democratic People’s Republic) 53 000 15 000 68 000
Korea (Republic) 3318 3318
Kyrgyzstan 122 376 498
Laos 100 100
Malaysia 353 353
Mongolia 1520 3787 5307
Myanmar (Burma) 13 27 40

(continued on next page)
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TABLE 1.3 (Continued)

Bituminous Sub-bituminous Lignite Total

Nepal 8 8
Pakistan 2 300 1 020 3320
Philippines 120 1 540 1 660
Taiwan, China

Tajikistan 33 33
Thailand 19 600 19 600
Turkey 2 200 51 000 53 200
Uzbekistan 75 2 660 2 735
Vietnam 15 000 15 000
Total Asia 1 925 887 22 552 155 008 2 103 447
Albania 15 15
Austria 1210 1210
Bosnia-Herzogovina 10 000 10 000
Bulgaria 100 3100 23 200 26 400
Croatia

Czech Republic 14 467 48 391 501 63 359
FYR Macedonia 8 000 8 000
France 1 480 440 150 2 070
Germany 29 209 181 779 210 988
Greece 70 340 70 340
Hungary 660 4 530 7 570 12 760
Italy 100 100
Norway 2 100 2 100
Poland 102 100 58 200 160 300
Romania 3700 216 26 530 30 446
Russian Federation 168 420 85 000 253 420
Serbia & Montenegro 22 515 33 536 34 073
Slovakia 3401 3401
Slovenia 639 4048 4 687
Spain 9 751 3558 8 726 22 035
Ukraine 81 857 1 000 82 857
United Kingdom 29 989 29 989
Total Europe 441 755 63 589 523 206 1 028 550
Iran (Islamic Republic) 1 760 1760
Total Middle East 1760 1760
Australia 256 000 17 000 67 000 340 000
New Zealand 2 269 1972 218 4 459
Total Oceania 258 269 18 972 67 218 344 459
Total World 3 451 251 540 328 831 538 4 823 117

Notes:

(1) Sources: WEC Member Committees, 2003; BP Statistical Review of World Energy, June 2003; Energy—Monthly Statistics,
Eurostat; World Mineral Statistics 1997—-2001, British Geological Survey; national sources; estimates by the editors.
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TABLE 1.4
Coal: 2002 consumption (thousand tonnes)
Bituminous Sub-bituminous Lignite Total

Algeria 928 928
Botswana 974 974
Congo (Democratic Republic) 130 130
Egypt (Arab Republic) 1 630 1 630
Ghana 3 3
Kenya 160 160
Libya/GSPLAJ 5 5
Madagascar 12 12
Malawi 55 55
Mauritania 6 6
Mauritius 250 250
Morocco 5124 5124
Mozambique 35 35
Namibia 5 5
Niger 165 165
Nigeria 10 10
South Africa 154 878 154 878
Swaziland 200 200
Tanzania 45 45
Tunisia 1 1
Zambia 65 65
Zimbabwe 4 000 4 000
Total Africa 168 671 10 168 681
Canada 19 000 30 000 11 300 60 300
Cuba 10 10
Dominican Republic 220 220
Guatemala 200 200
Honduras 120 120
Jamaica 60 60
Mexico 2 500 12 500 15 000
Panama 70 70
Puerto Rico 150 150
United States of America 516 650 399 100 75 850 991 600
US Virgin Islands 260 260
Total North America 539 240 441 600 87 150 1 067 990
Argentina 850 850
Brazil 17 700 17 700
Chile 3500 3 500
Colombia 3 100 3100
Peru 600 600
Uruguay 1 1
Venezuela 60 60

(continued on next page)
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TABLE 1.4 (Continued)
Bituminous Sub-bituminous Lignite Total

Total South America 7 261 18 550 25 811
Afghanistan 2 2
Armenia

Azerbaijan 5 5
Bangladesh 740 740
Bhutan 70 70
China 1 265 000 50 000 1 315 000
Cyprus 72 72
Georgia 10 10
Hong Kong, China 8 718 8 718
India 355 000 24 000 379 000
Indonesia 28 990 28 990
Japan 159 700 159 700
Kazakhstan 46 900 2 600 49 500
Korea (DPR) 23 500 7 500 31 000
Korea (Republic) 67 144 7 627 74 771
Kyrgyzstan 500 375 875
Malaysia 2 300 3 000 5 300
Mongolia 750 4 400 5150
Myanmar (Burma) 13 27 40
Nepal 420 420
Pakistan 900 2 300 1 020 4 220
Philippines 7 210 5 670 12 880
Sri Lanka 1 1
Taiwan, China 50 603 50 603
Tajikistan 100 30 130
Thailand 19 570 19 570
Turkey 13 800 51 400 65 200
Uzbekistan 75 2 650 2 725
Vietnam 10 000 10 000
Total Asia 2 042 103 26 547 156 042 2 224 692
Albania 90 90
Austria 3770 1530 5 300
Belarus 450 450
Belgium 10 300 200 200 10 700
Bosnia-Herzogovina 3 600 5 300 8 900
Bulgaria 3750 3 000 24 000 30 750
Croatia 900 100 1 000
Czech Republic 10 086 47 193 501 57 780
Denmark 6 708 N N 6 708
Estonia 120 120
Finland 6 850 6 850
FYR Macedonia 40 8 000 8 040
France 18 720 280 180 19 180
Germany 68 671 172 848 241 519
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TABLE 1.4 (Continued)
Bituminous Sub-bituminous Lignite Total

Greece 68 150 68 150
Hungary 940 5 000 7 570 13 510
Iceland 150 150
Ireland 2 700 2 700
Italy 19 700 100 N 19 800
Latvia 150 150
Lithuania 123 2 125
Luxembourg 150 150
Moldova 100 100
Netherlands 13 300 13 300
Norway 1 200 1 200
Poland 87 700 58 200 145 900
Portugal 5 000 5 000
Romania 7 372 216 26 530 34 118
Russian Federation 139 200 75 000 214 200
Serbia & Montenegro 105 865 33 536 34 506
Slovakia 4 900 4 200 9 100
Slovenia 92 1198 4 361 5 651
Spain 31 500 4 267 8 726 44 493
Sweden 3300 3300
Switzerland 200 200
Ukraine 85 000 1 000 86 000
United Kingdom 58 500 58 500
Total Europe 590 547 67 119 500 024 1 157 690
Iran (Islamic Republic) 1580 1 580
Israel 12 100 12 100
Lebanon 200 200
Total Middle East 13 880 13 880
Australia 49 000 17 000 67 000 133 000
Fiji 20 20
New Caledonia 150 150
New Zealand 288 1 899 265 2 452
Papua New Guinea 1 1
Total Oceania 49 459 18 899 67 265 135 623
Total World 3 411 161 572 725 810 481 4 794 367

Notes:

(1) Sources: WEC Member Committees, 2003; BP Statistical Review of World Energy, June 2003; Energy—Monthly

Statistics, Eurostat; national sources; estimates by the editors.
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COUNTRY NOTES

The following Country Notes on Coal have
been compiled by the editors, drawing upon a
wide variety of material, including information
received from WEC Member Committees,
national and international publications.

Major international published sources con-
sulted included:

e FEnergy Balances of OECD Countries 2000—
2001; 2003; International Energy Agency;

e Energy Balances of Non-OECD Countries
2000-2001; 2003; International Energy
Agency;

o Major coalfields of the world; June 2000; IEA
Coal Research.

Argentina

Proved amount in place (total coal,

million tonnes) 8 051
Proved recoverable reserves

(total coal, million tonnes) 424
Production (total coal, million

tonnes, 2002) 0.2

The principal coal-mining areas are located
in the west of the country along the foothills of
the Andes and in the Andes themselves, in the
provinces of Catamarca, La Rioja, San Juan,
Mendoza, Neuquén, Rio Negro, Chubut and
Santa Cruz, with smaller coalfields in Cordoba,
the centre of Chubut and the Atlantic coast of
Santa Cruz.

The biggest coalfield is Rio Turbio, located
to the west of the city of Rio Gallegos in the
southern province of Santa Cruz, close to the
border with Chile. Rio Turbio’s coal is a steam
coal with low sulphur content (down to 1%),
falling into the sub-bituminous rank; it constitu-
tes 99% of the hard coal resources of the
country, and supports the only coal extraction
activity in the Argentine Republic. The Rio
Turbio coalfield, including the concession for
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operating the associated railway and port
facilities, was privatised in 1994 but is currently
under administration by a Federal auditor.

The Argentinian Member Committee has
reported proved amounts in place of 697 million
tonnes of sub-bituminous coal and 7 350 million
tonnes of lignite, together with a minor quantity
(4 million tonnes) of bituminous grade. For
sub-bituminous, the maximum deposit depth is
800 m, with seams ranging from 0.5 to 2.0 m in
thickness. The lignite resources are at a maxi-
mum depth of 680 m. The only proved recover-
able reserves reported are 424 million tonnes of
sub-bituminous.

Coal output from the Rio Turbio mine is
quite modest, at around 200 thousand tonnes per
annum. The greater part is used for electricity
generation, the balance as industrial fuel.

Australia

Proved amount in place (total coal,

million tonnes) 101 900
Proved recoverable reserves

(total coal, million tonnes) 78 500
Production (total coal, million

tonnes, 2002) 340.0

Australia is endowed with very substantial
coal resources, with its proved recoverable
reserves ranking fifth in the world. The major
deposits of black coal (bituminous and sub-
bituminous) are located in New South Wales
and Queensland; smaller but locally important
resources occur in Western Australia, South
Australia and Tasmania. The main deposits
of brown coal are in Victoria, the only State
producing this rank. Other brown coal resources
are present in Western Australia, South Australia
and Tasmania.

The coal resource data reported for the
present Survey by the Australian WEC Member
Committee have been provided by Geoscience
Australia, formerly the Australian Geological
Survey Organisation (AGSO). The proved
amount of coal in place comprises 56.5 billion



tonnes of bituminous coal, 3.5 billion tonnes of
sub-bituminous and 41.9 billion tonnes of brown
coal/lignite. Within these tonnages, the pro-
portion deemed to be recoverable ranges from
68% of the bituminous coal (with 54% of its
reserves surface-mineable) to 90% of the lignite,
all of which is suitable for open-cast mining.
About 36% of Australia’s massive reserves
of bituminous coal are of coking quality. The
maximum depth of the deposits ranges from
600 m in the case of bituminous coal to 200 m
for sub-bituminous and 300 m for lignite.
Minimum seam thicknesses are 0.3, 1.5 and
3.0 m, respectively.

Indicated and inferred tonnages, additional to
the proved amount in place, are vast: Geoscience
Australia’s current assessment puts bituminous
coal at 125 billion tonnes, sub-bituminous at
nearly 28 billion tonnes and lignite at around
175 billion tonnes. In total, more than 250 billion
tonnes of this additional coal is considered to be
eventually recoverable.

In 2002 Australia produced 273 million
tonnes of saleable black coal (bituminous and
sub-bituminous) and 67 million tonnes of brown
coal. The major domestic market for black coal
is electricity generation: in 2001, power stations
accounted for 88% of total black coal consump-
tion, with the other large consumers being the
iron and steel industry and cement manufacture.
Brown coal is used almost entirely for power
generation.

Australia has been the world’s largest
exporter of hard coal since 1984: in 2002, it
exported 198 million tonnes. About 53% of 2002
exports were of metallurgical grade (coking
coal), destined largely for Japan, the Republic of
Korea, India and Europe.

Botswana

Proved recoverable reserves

(total coal, million tonnes) 40
Production (total coal, million
tonnes, 2002) 1.0
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Vast deposits of bituminous coal have been
located in Botswana, principally in the eastern
part of the country. The only mine to have been
developed so far is at Morupule, near the town
of Palapye, where Morupule Colliery Limited
(controlled by Anglo American Corporation)
commenced coal extraction in 1973.

For the present Survey, the Botswana WEC
Member Committee has reported proved reco-
verable reserves of 40 million tonnes, of which
50% can be mined by open-cast methods. The
reported tonnages relate solely to the economi-
cally recoverable reserves that are currently
being exploited at the Morupule Mine. With
cumulative output to the end of 2002 amounting
to nearly 18 million tonnes, Botswana’s remain-
ing proved amount of coal in place is reported to
be 3 340 million tonnes.

All of Botswana’s current coal production
(956 thousand tonnes in 2002) is of power
generation quality, none of coking quality.
The Morupule mine’s chief customers are the
Botswana Power Corporation, the copper/nickel
mine at Selibe-Phikwe and the soda ash
plant at Sua Pan. The BPC power station at
Morupule (net capacity 118 MW) generates
about half of Botswana’s electricity supplies,
the balance being provided by imports from
South Africa.

Brazil

Proved amount in place

(total coal, million tonnes) 17 033
Proved recoverable reserves

(total coal, million tonnes) 10 113
Production (total coal, million

tonnes, 2002) 5.1

Brazil has considerable reserves of sub-
bituminous coal, mostly located in the southern
states of Rio Grande do Sul, Santa Catarina and
Parana.

For the present Survey, the Brazilian WEC
Member Committee has reported a proved
amount in place (described as covering
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measured, indicated and inferred reserves) of just
over 17 billion tonnes, of which almost 60% is
categorised as proved recoverable reserves. The
maximum depth of the deposits is 870 m, whilst
the minimum seam thickness is 0.5 m. There is
estimated to be some 15.3 billion tonnes of
additional coal in place, of which 50% is
considered to be recoverable.

With respect to the stated level of proved
recoverable reserves, it is estimated that 21%
could be exploited through surface mining, and
that 7% is considered to be of coking quality. In
2002, 63% of Brazilian coal production was
obtained by surface mining.

Almost all of Brazil’s current coal output is
classified as steam coal, of which about 85% is
used as power-station fuel and the remainder in
industrial plants. Virtually all of Brazil’s metal-
lurgical coal is imported: about three-quarters is
used as input for coke production.

Canada

Proved amount in place

(total coal, million tonnes) 8 723
Proved recoverable reserves

(total coal, million tonnes) 6 578
Production (total coal,

million tonnes, 2002) 66.8

Canada has considerable coal resources, with
proved reserves of more than 6.5 billion tonnes.
The levels of resources that have been reported
by the Canadian WEC Member Committee are
unchanged from those advised for the 2001
Survey of Energy Resources. Bituminous coals
(including anthracite) are evaluated as 4.6
billion tonnes, based on deposits to a maximum
depth of 1200 m and a minimum seam thickness
of 0.6 m; sub-bituminous grades are put at
approximately 1.1 billion tonnes (maximum
depth 300 m, minimum thickness 1.5 m); and
lignite at 3.0 billion tonnes (maximum depth
50 m, minimum thickness 1.5 m). The proved
recoverable reserves for each rank have been
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assessed as approximately 75% of the respective
proved amount in place.

Estimates of the tonnages of coal (in-place
and recoverable) that are considered to be
additional to the ‘proved’ amounts of each
rank all run into tens of billions of tonnes (see
Tables 1.2I, II and III). Such numbers can never
possess any high degree of accuracy, but they do
serve to underline Canada’s undoubtedly massive
coal endowment.

Canadian coal reserves are mainly located in
the western provinces of Saskatchewan, Alberta
and British Columbia, with smaller deposits in
the eastern provinces of Nova Scotia and New
Brunswick. Bituminous deposits are found in the
two eastern provinces together with Alberta and
British Columbia; Alberta also possesses sub-
bituminous grades, while lignite deposits are
found only in Saskatchewan.

Western Canada dominates coal production,
accounting for 99.5% of the total. Alberta is
the largest coal-producing province, mainly of
thermal grades. British Columbia is the second
largest, producing mainly metallurgical coals.
Saskatchewan produces lignite. About 40% of
Canadian coal production is exported.

Around 90% of Canadian coal consumption
is used for electricity generation, 7% in the steel
industry and 3% in other industries. Alberta is
the largest coal-consuming province, Ontario the
second. Ontario relies on coal imports—there
are no coal mines in the province.

The Canadian coal industry is entirely
privately owned. Output is mainly from surface
mines: only one underground mine is in opera-
tion, with a limited production.

China

Proved recoverable reserves

(total coal, million tonnes) 114 500
Production (total coal,

million tonnes, 2002) 13934

China is a major force in world coal, standing
in the front rank in terms of reserves, production



and consumption, and recently, as a coal
exporter. The levels of proved recoverable
reserves (as at end-1990), originally provided
by the Chinese WEC Member Committee for the
1992 Survey, have been retained for each
successive edition; in billions of tonnes, they
amount to: bituminous coal and anthracite 62.2;
sub-bituminous coal 33.7 and lignite 18.6. The
level of proved reserves retained for the present
Survey implies a coal R/P ratio of 82, on the
basis of 2002 production.

It is interesting to note that the same figure
(114.5 billion tonnes) for total proved reserves
was quoted at the 11th Session of the UN
Committee on Sustainable Energy (Geneva,
November 2001), in the context of an estimate
of 988 billion tonnes for China’s coal resour-
ces. This reference, in a paper co-authored
by Professor Huang Shengchu, a vice-president
of the China Coal Information Institute, indi-
cates a degree of continuity in the official
assessments of China’s coal reserves and
supports the retention of the level originally
advised by the Chinese WEC Member Com-
mittee in 1991.

Coal deposits have been located in most of
China’s regions but three-quarters of proved
recoverable reserves are in the north and north-
west, particularly in the provinces of Shanxi,
Shaanxi and Inner Mongolia.

After more than 20 years of almost unin-
terrupted growth, China’s coal production peaked
at nearly 1.4 billion tonnes in 1996, followed by 4
years during which output fell year by year,
largely as a result of the closure of large numbers
of small local mining operations. Annual output
has regained an upward path in the past two years
and reached a new peak in 2002. By far the
greater part of output is of bituminous coal:
lignite constitutes only about 4%.

The major coal-consuming sectors are power
stations (including CHP), which accounted for
50% of total consumption in 2001, the iron and
steel industry with a 15% share, and other
industrial users with about 17%.

Coal exports more than doubled between
1999 and 2002, when they totalled 84 million
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tonnes; China is now the world’s second largest
coal exporter, after Australia.

Colombia

Proved recoverable reserves

(total coal, million tonnes) 6 611
Production (total coal, million
tonnes, 2002) 39.5

Colombia’s vast coal resources are located
in the north and west of the country. Data on
measured reserves at end-2001, published by
the Ministerio de Minas y Energia, indicate a
total of some 6.6 billion tonnes, of which Zona
Norte and Cerrejon in the department of La
Guajira account for 55% and fields in the
department of Cesar for 29%. ‘Indicated
reserves’ quoted in the same publication are
2 932 million tonnes. Virtually all Colombia’s
coal resources fall into the bituminous category:
the reserves in the San Jorge field in Cérdoba,
with an average calorific value in the sub-
bituminous/lignite bracket, are shown under
sub-bituminous in Table 1.1.

Development of Colombian coal for export
has centred on the Cerrejéon deposits which
are located in the Guajira Peninsula in the far
north, about 100 km inland from the Carib-
bean coast. The coal is found in the northern
portion of a basin formed by the Cesar and
Rancheria rivers; the deposit has been divided
by the Government into the North, Central
and South Zones. In October 1975 the
Government opened international bidding for
the development of El Cerrejon-North Zone
reserves and in December 1976 Carbocol
(then 100% owned by the Colombian State)
and Intercor (an Exxon affiliate) entered into
an Association Contract for the development
and mining of the North Zone. The contract
has three phases and covers a 33-year period
with the production phase scheduled to end
early in 2009.

Carbocol was privatised in October 2000, the
purchasers being a consortium of Anglo-American,
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Billiton and Glencore; in early 2002 the three
partners acquired the whole of Intercor’s
interest.

Coal exports from Colombia totalled 39.1
million tonnes in 2001, equivalent to 90% of its
coal production. Cerrejon North remains one of
the world’s largest export mines.

Czech Republic

Proved amount in place

(total coal, million tonnes) 9 721
Proved recoverable reserves

(total coal, million tonnes) 5552
Production (total coal,

million tonnes, 2002) 63.4

The Czech Republic possesses sizeable coal
resources, with a proved amount in place of
nearly 10 billion tonnes, of which some 57% is
reported to be economically recoverable. In
terms of rank, 38% of the proved reserves are
classified as bituminous, 58% as sub-bituminous
and 4% as lignite. The tonnages reported by the
Czech Member Committee for the present
Survey show little change from those advised
in 2000. The maximum depth of deposits varies
from 1 600 m in the case of bituminous to 500 m
for sub-bituminous and only 130 m for lignite;
minimum seam thicknesses range from 0.6
(for bituminous) to 1.5 (lignite) and 2.0 m for
sub-bituminous.

Bituminous coal deposits are mainly in the
Ostrava-Karvina basin in the east of the country,
and lie within the Czech section of the Upper
Silesian coalfield. The principal sub-bituminous/
lignite basins are located in the regions of North
and West Bohemia, close to the Krusne Hory
(Ore Mountains), which constitute the republic’s
north-western border with Germany. Currently
all Czech output of bituminous coal and lignite is
deep-mined, whereas 99% of sub-bituminous is
surface-mined.

Since 1990, Czech output of bituminous coal
has fallen by 35%, to 14.5 million tonnes in
2002, whilst sub-bituminous/lignite has declined
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by 38%, from 79 million tonnes in 1990 to
48.9 million tonnes in 2002. Over half of the
republic’s bituminous coal production consists
of coking coal. In 2002, total exports of coal
amounted to 7.7 million tonnes, equivalent to
just over 12% of production.

Apart from its coking coal, which is con-
sumed by the iron and steel industry, most of the
republic’s bituminous coal is used for electricity
and heat generation, with industrial and private
consumers accounting for relatively modest
proportions. This pattern of utilisation also
applies to sub-bituminous coal, which is still
the main power station fuel.

France

The last lignite mine closed down at the end
of January, 2003: all coal extraction will cease in
2004.

Germany

Proved amount in place

(total coal, million tonnes) 7519
Proved recoverable reserves

(total coal, million tonnes) 6 739
Production (total coal,

million tonnes, 2002) 211.0

The data advised by the German WEC
Member Committee for the 2004 Survey reflect
a reassessment of coal resources and reserves.
The new numbers comply with the recommen-
dations of the UN-ECE, within the context of the
definitions specified for the SER. The proved
amount in place is now given as approximately
7.5 billion tonnes, the bulk of which consists
of lignite. The hard coal component has a
maximum deposit depth of 1 600 m below the
surface, and a minimum seam thickness of 0.6 m,
whilst the corresponding parameters for lignite
are 550 and 5 m, respectively.

Proved recoverable reserves comprise 183
million tonnes of hard coal and 6 556 million



tonnes of lignite. Earlier assessments of German
coal reserves (e.g. end-1996 and end-1999)
contained large amounts of speculative resour-
ces which are no longer taken into account.
Much of the former ‘proved amount in place’
and ‘proved recoverable reserves’ has been
moved to ‘additional amount in place’ and
‘additional reserves recoverable’, respectively.

Germany’s output of hard coal has fallen
from 76.6 million tonnes in 1990 to 29.2 million
tonnes in 2002, whilst lignite production has
virtually halved, from 357.5 to 181.8 million
tonnes over the same period. Germany is still the
world’s largest lignite producer.

The Ruhr coalfield produces over three-
quarters of German hard coal. The coal qualities
range from anthracite to high-volatile, strongly
caking bituminous coal. The Saar is the second
largest coalfield, with substantial deposits of
weakly caking bituminous coal. All German
hard coal is deep-mined from seams at depths
exceeding 900 m.

The lignite deposit in the Rhine region is the
largest single formation in Europe. In the former
East Germany there are major deposits of lignite
at Halle Leipzig and Lower Lausitz; these have
considerable domestic importance.

The principal markets for bituminous coal
are electricity generation, iron and steel, and
cement manufacture: other industrial and house-
hold uses are relatively modest. The bulk of
German lignite is consumed in power stations,
although a considerable tonnage (11 million
tonnes in 2001) is converted into brown coal
briquettes for the industrial, residential and
commercial markets.

Greece

Proved amount in place

(total coal, million tonnes) 5 800
Proved recoverable reserves

(total coal, million tonnes) 3900
Production (total coal,

million tonnes, 2002) 70.3
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Coal resources are all in the form of lignite.
Apart from a very small amount of private
mining, all production is carried out by the
mining division of the Public Power Corporation
(DEI). There are two lignite centres, Ptolemais-
Amynteo (LCPA) in the northern region of
Western Macedonia, and Megalopolis (LCM) in
the southern region of the Peloponnese. These
two centres control the operations of seven open-
cast mines; LCPA mines account for nearly 80%
of DEIs lignite output. In 2002, LCPA produced
55.8 million tonnes of lignite, LCM 14.5 million
tonnes.

In the lignite-mining areas, six dedicated
power stations (total generating capacity:
4 850 MW) produce more than two-thirds of
Greece’s electricity supply. Two 330 MW
lignite-fired power stations are planned for
construction at Florina in Western Macedonia;
the first unit came into operation in April 2003.

Greece is the second largest producer of
lignite in the European Union and the fourth
largest in the world.

India

Proved recoverable reserves

(total coal, million tonnes) 92 445
Production (total coal,
million tonnes, 2002) 358.9

Coal is the most abundant fossil fuel resource
in India, which is the world’s third largest coal
producer. The principal deposits of hard coal are
in the eastern half of the country, ranging from
Andhra Pradesh, bordering the Indian Ocean,
to Arunachal Pradesh in the extreme north-east:
the eastern States of Chhattisgarh, Jharkhand,
Orissa and West Bengal together account for
about 77% of reserves. The Ministry of Coal
(quoting the Geological Survey of India) states
that, in addition to 90.1 billion tonnes of proved
reserves of bituminous coal, there are 112.6
billion tonnes of indicated reserves and 38.0
billion tonnes of inferred reserves. Coking coals
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constitute 18% of the tonnage of proved
reserves.

Lignite deposits mostly occur in the southern
State of Tamil Nadu. India’s geological
resources of lignite are estimated to be some
35.4 billion tonnes, of which about 2.4 billion
tonnes in the Neyveli area are regarded as
‘mineable under the presently adopted mining
parameters’, and taken as proved recoverable
reserves in the present Survey. Annual pro-
duction of lignite is currently in the region of
24 million tonnes, almost all of which is used for
electricity generation.

Although India’s coal reserves cover all
ranks from lignite to bituminous, they tend to
have a high ash content and a low calorific value.
The low quality of much of its coal prevents
India from being anything but a small exporter
of coal (traditionally to the neighbouring
countries of Bangladesh, Nepal and Bhutan)
and conversely, is responsible for sizeable
imports (around 13 million tonnes/yr of coking
coal and 12 million tonnes/yr of steam coal)
from Australia, China, Indonesia and South
Africa.

Coal is the most important source of energy
for electricity generation in India: about three-
quarters of electricity is generated by coal-fired
power stations. In addition, the steel, cement,
fertiliser, chemical, paper and many other
medium and small-scale industries are also
major coal users.

Indonesia

Proved amount in place

(total coal, million tonnes) 7 647
Proved recoverable reserves

(total coal, million tonnes) 4 968
Production (total coal,

million tonnes, 2002) 103.4

Indonesia possesses very substantial coal
resources: according to recent data advised by
the Ministry of Energy and Mineral Resources
for the purpose of this Survey, the proved
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amount in place totals 7 647 million tonnes,
within which Indonesia’s proved recoverable
reserves amount to 4 968 million tonnes. In each
case, lignite has the largest share (58.5%), with
sub-bituminous coal accounting for 26.6% and
bituminous grades for 14.9%. For all ranks, the
recoverable proportion of the coal in place is
approximately 65%.

The Ministry reports an estimated additional
amount in place (based on ‘indicated’ and
‘inferred” resources in the original data) as
some 38.7 billion tonnes, with the same propor-
tionate breakdown by rank as for the proved
amount in place and proved reserves.

Indonesian coals in production generally
have medium calorific values (5 000—
7 000 kcal/kg or 21-29 MJ/kg), with relatively
high percentages of volatile matter; they benefit
from low ash and sulphur contents, making them
some of the cleanest coals in the world.

Competitive quality characteristics have
secured substantial export markets for Indone-
sian coal: in 2002 over 74 million tonnes were
shipped overseas, representing nearly 72% of
total coal output. Asian customers took 81% of
Indonesia’s coal exports.

Within Indonesia, coal’s main market is
power generation, which accounted for 68% of
internal consumption in 2002.

Pakistan

Proved amount in place

(total coal, million tonnes) 3 285
Proved recoverable reserves

(total coal, million tonnes) 3 050
Production (total coal,

million tonnes, 2002) 33

The republic possesses substantial coal
resources. The Geological Survey of Pakistan
(GSP) quotes a total coal resource at 30 June
2002 of just over 185 billion tonnes, within
which measured reserves are 3 303 million
tonnes, and mineable reserves 1 982 million
tonnes. The Pakistan WEC Member Committee



reports the proved amount in place as 105
million tonnes of sub-bituminous coal and 3 180
million tonnes of lignite; of these quantities,
proved recoverable reserves consist of 60
million and 2 990 million tonnes, respectively.

The Pakistan MC has reported all the coal
resources of the Sind province as falling within
the lignite rank. These lignite resources have
been divided into two main categories: (a) non-
developed coalfields, and (b) developed coal-
fields.

(a) The non-developed coalfields have been
further sub-divided into:

(i) The Thar coalfield: this will be
Pakistan’s first open-cast coalfield and
may come into production within 3—4
years. The proved amount in place is
put at 2 700 million tonnes, all of
which is considered to be recoverable
via open-cast mining. Over and above
this tonnage Thar’s ‘indicated’ resour-
ces are 9 400 million tonnes, ‘inferred’
resources 51 billion tonnes and ‘hypo-
thetical’ resources 113 billion tonnes.
Thar accounts for 88.5% of Pakistan’s
reported recoverable reserves.

(i1) All other coalfields of Sind Province,
such as Thatta, Sonda, Jherruck, Ongar
and Indus East: these fields, when
developed, will be underground mines:
they have little chance of becoming
producing fields in the near future. In
aggregate, they have 230 million tonnes
in place, with a maximum deposit depth
of 280 m and seam thicknesses varying
from 0.3 to 6.0 m. Proved reserves
are 140 million tonnes, equivalent to
60% of the coal in place. ‘Indicated’
resources are given as 1.5 billion tonnes
and ‘inferred’ as 4.8 billion.

(b) The developed lignite mines are Lakhra and
Meting-Jhimpur; the main coal-producing
area is Lakhra, where production is
expected to rise. The total amount of coal
in place is 250 million tonnes, at a
maximum deposit depth of 150 m and with
seam thicknesses between 0.75 and 2.5 m.
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Proved recoverable reserves are 150 million
tonnes, with additional in-place tonnages of
660 million ‘indicated’ and 550 million
‘inferred’.

The lignite coals are mainly being consumed
by the brick kiln industry, with some by the
cement industry, although the latter is now
mostly converting to imported coal as the local
lignite has a low calorific value as well as high
sulphur and ash contents.

The coals of the Balochistan, Punjab and
NWEP provinces have been grouped in the sub-
bituminous rank category; although the rank of
such coals ranges from sub-bituminous to
bituminous, it is not possible to separate them.
The proved amount of sub-bituminous coal in
place is 105 million tonnes, to a maximum depth
of 2 000 m and with seams from 0.2 to 2.0 m
thick. Proved recoverable reserves are 60 million
tonnes, with ‘indicated’ resources put at 35
million and ‘inferred’ at 215 million. Sub-
bituminous coals are, like lignite, mostly used
by the brick kiln industry but some coals of
Balochistan and NWFP are also being used by
the cement industry.

Notwithstanding its massive potential,
Pakistan’s coal production in recent years has
been only some 3—3.5 million tonnes per annum.
About half is currently produced in the western
province of Balochistan; no Thar coal is
produced at present.

Small tonnages of indigenous coal are used
for electricity generation and by households but,
as seen above, by far the largest portion is used
to fire brick kilns. Just over 1 million tonnes of
Australian coking coal is imported each year for
use in the iron and steel industry.

Poland

Proved amount in place

(total coal, million tonnes) 59 984
Proved recoverable reserves

(total coal, million tonnes) 14 000
Production (total coal,

million tonnes, 2002) 160.3
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Most of Poland’s substantial tonnage of coal
resources is in the form of hard coal, which
comprises 77% of the reported proved amount in
place. The Polish WEC Member Committee has
reported revised resource assessments by com-
parison with those advised for the 2001 Survey of
Energy Resources with (in particular) a 10%
reduction in the proved amount of bituminous
coal in place and a 31% decrease in the
corresponding tonnage recoverable.

The latest figures show the proved amount of
hard coal in place as 46 billion tonnes, on the
basis of a maximum deposit depth of 1 000 m
and a minimum seam thickness of 1 m; the
corresponding level for lignite is almost 14
billion tonnes, at a maximum deposit depth of
350 m and minimum seam thickness of 3 m. The
estimated additional amounts in place are 59—80
billion tonnes of hard coal and 41 billion tonnes
of lignite, but assessments of the recoverable
portions of these quantities are not available.

The reported ‘proved amount in place’
comprises the total geological resources of
coal (called in Polish terminology ‘documented
geological resources—category A, B and C’);
the ‘proved recoverable reserves’ comprise
the documented reserves of coal, known in the
Polish classification as ‘industrial reserves’; the
‘estimated additional amounts in place’ include
forecast ‘additional resources of coal, which are
in unexplored extensions of known deposits
below 1 000 m and inferred amounts estimated
on the results of geological information’.

Poland’s hard coal resources are mainly in
the Upper Silesian Basin, which lies in the south-
west of the country, straddling the border with
the Czech Republic: about 80% of the basin is in
Polish territory. Other hard-coal fields are
located in the Lower Silesia and Lublin basins.
There are a number of lignite deposits in central
and western Poland, with four of the larger
basins currently being exploited for production.

The quality of the Upper Silesian hard
coals is generally quite high, with relatively
low levels of sulphur and ash content. One-third
of Poland’s proved reserves of hard coal are
regarded as of coking quality.
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Although output of hard coal (and, to a lesser
extent, of lignite) has declined during the past
15 years, and especially since 1997, Poland is still
among the world’s eight largest coal producers
(see Table 1.3), with a 2002 output of 102 million
tonnes of hard coal and 58 million tonnes of
lignite. The decline in hard coal production
reflects a deep restructuring of the industry, with
the aim of eliminating the non-profitable mines
by a reduction in excess production potential,
substantially lower employment levels, elimin-
ation of government subsidies, etc.

Apart from Russia, Poland is the only world-
class coal exporter in Europe: its total exports in
2002 were some 23 million tonnes, of which
steam coal accounted for 84% and coking for
16%. Germany, Austria and Denmark are cur-
rently Poland’s largest export markets for coal.

About 61% of inland consumption of hard
coal goes to the production of electricity and
bulk heat, industrial uses account for 26% and
residential/commercial/agricultural uses 13%.
Almost all lignite production is used for base-
load electricity generation.

Russian Federation

Proved amount in place

(total coal, million tonnes) 200 576
Proved recoverable reserves

(total coal, million tonnes) 157 010
Production (total coal,

million tonnes, 2002) 2534

The levels quoted for Russian coal resources
and reserves are unchanged from those given
for end-1996 in the 1998 Survey of Energy
Resources, as the WEC Member Committee was
unable to obtain any more recent coal data for
the present Survey.

The proved amount of coal in place at end-
1996 comprised 75.8 billion tonnes of bitumi-
nous coal, based on a maximum deposit depth
of 1200 m and a minimum seam thickness
of 0.6—-0.7 m; 113.3 billion tonnes of sub-bitu-
minous grades (at depths of up to 600 m and
minimum thickness 1.0—-2.0 m); and 11.5 billion



tonnes of lignite (at 300 m and 1.5-2.0m,
respectively).

Proved recoverable reserves were reported as
just over 49 billion tonnes of bituminous coal, of
which 23% was considered to be surface-
mineable and 55% was suitable for coking. Of
the 97.5 billion tonnes of proved recoverable
reserves of sub-bituminous coal, 74% was
suitable for surface mining, while all of the 10.5
billion tonnes of recoverable lignite reserves fell
into this category. Overall, about 94 billion
tonnes of Russia’s proved reserves were deemed
to be recoverable by opencast or strip mining.
Further enormous tonnages of coal, of the order
of 20 times the quoted proved reserves, were
reported to be recoverable in the future.

Russian coal reserves are widely dispersed
and occur in a number of major basins. These
range from the Moscow basin in the far west to
the eastern end of the Donetsk basin (most
of which is within the Ukraine) in the south,
the Pechora basin in the far northeast of
European Russia, and the Irkutsk, Kuznetsk,
Kansk-Achinsk, Lena, South Yakutia and
Tunguska basins extending across Siberia to
the Far East.

The principal economic hard coal deposits of
Russia are found in the Pechora and Kuznetsk
basins. The former, which covers an area of
some 90 000 kmz, has been extensively devel-
oped for underground operations, despite the
severe climate and the fact that 85% of the basin
is under permafrost. The deposits are in
relatively close proximity to markets and much
of the coal is of good rank, including coking
grades. The Kuznetsk basin, an area of some
26 700 km®, lies to the east of the city of
Novosibirsk and contains a wide range of coals;
the ash content is variable and the sulphur is
generally low. Coal is produced from both
surface and underground mines.

Lying east of the Kuznetsk and astride the
trans-Siberian railway, the Kansk-Achinsk basin
contains huge deposits of brown (sub-bitumi-
nous) coal with medium (in some cases, low) ash
content and generally low sulphur; large strip-
mines are linked to dedicated power stations and
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carbo-chemical plants. The vast Siberian coal-
bearing areas of the Lena and Tunguska basins
constitute largely unexplored resources, the
commercial exploitation of which would prob-
ably be difficult to establish.

From a peak of around 425 million tonnes in
1988, Russia’s total coal production declined
dramatically following the disintegration of the
USSR, and now stands at about 250—260 million
tonnes per annum. In 2001 over 70% of Russian
consumption was accounted for by power
stations and district heating plants; the iron and
steel industry and the residential sector were the
other main centres of coal usage.

South Africa

Proved amount in place

(total coal, million tonnes) 115 000
Proved recoverable reserves

(total coal, million tonnes) 48 750
Production (total coal,

million tonnes, 2002) 214.7

The South African WEC Member Committee
has reported the proved amount in place on the
basis of a maximum deposit depth of 350 m and a
minimum seam thickness of 1 m. The coal
resources reported for the present Survey are
based on an assessment published by the
Geological Survey of South Africa (now the
Council for Geoscience) in 1987, adjusted for
cumulative production of coal over the period
since its preparation, and thus differ only margin-
ally from those reported for the 2001 Survey.

The Council for Geoscience, on behalf of the
Department of Minerals and Energy, is currently
carrying out a major review of South Africa’s
coal resources; its report is expected to be
completed by the end of 2004. There are some
indications that the reassessed reserves could be
as low as 38 billion tonnes.

Coal occurs principally in three regions.

e The shaly Volksrust Formation, which covers
most of central and northern Mpumalanga
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province (formerly the Transvaal). The coal
is found in isolated basins and troughs which
results in the fields being disconnected and
widely separated.

e The sandy Vryheid Formation of the northern
part of the main Karoo basin (northern Free
State, northern Kwazulu-Natal and southern
Mpumalanga): this generally continuous area
is probably the most important economically.

e The Molteno Formation, which is confined to
the north-eastern Cape. It is of minor
economic importance compared to other
coalfields in South Africa.

Some lignite deposits are known along the
Kwazulu-Natal and Cape coasts, but are con-
sidered to be of scant economic importance.

Coal occurrences have been divided into 19
separate coalfields, 18 of which are located in an
area extending some 600 km from north to south
by 500 km from east to west. The Molteno field
lies some 300 km south of the main coal-bearing
region.

South Africa’s coals are generally low in
sulphur but high in ash. Beneficiation is essential
for export-quality coal. Lower-quality coal is for
the local power generation market.

Eskom, the South African electric utility,
accounts for nearly 60% of coal consumption.
A further large slice is consumed by the Sasol
plants in making synthetic fuels and chemicals
from coal. The third main user is the industrial
sector, including the iron and steel industry. Coal
use in residential and commercial premises is
relatively small, while demand by the railways
has virtually disappeared.

Coal exports are equivalent to about 30% of
South African output and are mainly destined for
Europe and Asia/Pacific. The main route for
exports is via Richards Bay, Kwazulu-Natal,
where there is one of the world’s largest coal-
export terminals.

Thailand

Proved recoverable reserves

(total coal, million tonnes) 1354

28

Production (total coal,
million tonnes, 2002) 19.6

Thailand has sizeable resources of lignite,
notably at Mae Moh in the north of the country.
The Thai WEC Member Committee reports
proved recoverable reserves of 1 354 million
tonnes; the maximum deposit depth taken into
consideration is approximately 700 m, while
the minimum seam thickness is 0.30 m. As an
indication of the extent of Thailand’s coal
resources, the 2002 edition of the annual
publication Thailand Energy Situation, issued
by the Department of Energy Development
and Promotion, quotes total lignite reserves
as 2 942 million tonnes. In this context, the
reserves are defined as including ‘the remaining
reserve from produced area as well as the
measured and indicated reserve from undeve-
loped area’.

Annual output of lignite increased by almost
90% between 1990 and 1997, but has since
levelled out. All of Mae Moh’s production is
consumed by the Mae Moh power plant
(2 625 MW). On the other hand, most of the
lignite produced by other Thai mines is used by
industry, chiefly in cement manufacture. Imports
of bituminous coal are mostly destined for
consumption in the iron and steel sector.

United Kingdom

Proved recoverable reserves

(total coal, million tonnes) 220
Production (total coal,
million tonnes, 2002) 30.0

Coal deposits are widely distributed and
for many years the UK was one of the world’s
largest coal producers, and by far its largest
exporter. Production rose to a peak of nearly
300 million tonnes/yr during World War I and
thereafter did not fall below 200 million
tonnes/yr until 1960. Output began a long-term
decline in the mid-1960s, falling to less than 100
million tonnes/yr by 1990. Reflecting continued
competition from natural gas and imported coal,



UK coal production sank to only 30 million
tonnes in 2002.

The UK coal industry was privatised at the
end of 1994, with the principal purchaser being
RJB Mining (now UK Coal plc), which acquired
16 deep mines from British Coal. As at 22 April
2003 there were 16 major deep mines, 8 smaller
deep mines and 46 open-cast sites in production.
Deep-mined coal output in 2002 was 16.4
million tonnes and open-cast sites produced
13.1 million tonnes; production from slurry etc.
amounted to 0.5 million tonnes. Most deep-
mined coal has a significantly higher content of
sulphur and chlorine than that of internationally-
traded coal. There is now virtually no UK
production of coking coal.

The decline of the British coal industry
has been accompanied by a sharp decrease in
economically recoverable reserves. For the
purpose of the present Survey, the level adopted
reflects that stated by the Department of Trade
and Industry in its publication UK Energy
Sector Indicators 2003: ‘There were estimated
to be approximately 220 million tonnes of
economically viable coal reserves at mid-
November 2001°. This figure is compatible
with the view expressed in the Energy White
Paper (Version 11, as at 21 February 2003):
‘Within 10 years most of our existing deep
mines are likely to have exhausted their
economic reserves’.

United States of America

Proved amount in place

(total coal, million tonnes) 451 512
Proved recoverable reserves

(total coal, million tonnes) 246 643
Production (total coal,

million tonnes, 2002) 992.7

The United States coal resource base is the
largest in the world. The US WEC Member
Committee reports a Proved Amount in Place at
1 January 2003 of 451.5 billion tonnes (based
on the Energy Information Administration’s
Demonstrated Reserve Base). This total is
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comprised of 246.8 billion tonnes of bituminous
coal (including anthracite) with a maximum
deposit depth of 671 m and minimum seam
thickness of 0.25 m; 165.1 billion tonnes of sub-
bituminous (at up to 305 m depth and 1.52 m
minimum seam thickness) and 39.6 billion
tonnes of lignite (at up to 61 m depth and
0.76 m minimum seam thickness).

The reported Proved Recoverable Reserves
amount to 246.6 billion tonnes, equivalent to
about 27% of the global total. They comprise
111.3 billion tonnes of bituminous coal (includ-
ing anthracite), 102 billion tonnes of sub-
bituminous and 33.3 billion tonnes of lignite.
The overall ratio of proved recoverable reserves
to the proved amount in place is 0.55. This
ratio varies widely from one rank to another,
reflecting relative degrees of accessibility and
recoverability: bituminous deposits average
0.45, sub-bituminous 0.62 and lignite 0.84.
Open-cast or surface mining techniques can be
applied to around 28% of bituminous reserves, to
nearly 45% of the sub-bituminous and to 100%
of the lignite.

Data for Proved Amount in Place and
Recoverable Reserves are measured and indi-
cated (proved and probable), in a commingled
data base. The data cannot be separated into
‘proved only’ and ‘probable only’.

On top of the tonnages summarised above,
the US WEC Member Committee reports
enormous quantities of coal as ‘estimated
additional amounts in place’: in total these
come to well over a trillion tonnes, composed of
445 billion tonnes of bituminous, 274 billion
sub-bituminous and 394 billion lignite. These
estimates are derived from a US Department
of the Interior study of coal resources as at
1 January 1974, but are regarded as still
providing valid indications of the magnitude
of the USA’s additional coal resources. Data on
the Estimated Additional Amount in Place are
primarily inferred. These resources extend
deeper than the Proved Amount in Place,
include thinner beds in some areas, and are
based on older source data in many cases. The
Estimated Additional Amount in Place has
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been adjusted only to indicate the arithmetic
difference with Proved Amount in Place.

Coal deposits are widely distributed, being
found in 38 states and underlying about 13% of
the total land area. The Western Region (owing
largely to Montana and Wyoming) accounts for
about 47% of the EIA’s Demonstrated Reserve
Base, the Interior Region (chiefly Illinois and
western Kentucky) for 32% and the Appalachian
Region (chiefly West Virginia, Pennsylvania and
Ohio) for 21%. Bituminous coal reserves are
recorded for 27 states, whereas only 8 states
have sub-bituminous reserves, of which 90% are
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located in Montana and Wyoming, and 10 have
lignite reserves, mostly in Montana and Texas.

US coal output is the second highest in the
world, after China, and accounted for about 21%
of global production in 2002. Coal is the USA’s
largest single source of indigenous primary
energy; power stations, CHP and heat plants
accounted for almost 92% of domestic coal
consumption in 2001. Coal exports amounted
to 35 million tonnes in 2002: despite a decline
in its exports in recent years, the USA remains a
leading supplier of coking coal and other
bituminous grades.
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COMMENTARY

Introduction

Since the fall of the Berlin Wall we have
witnessed the strong influence of three powerful
global forces: globalisation, liberalisation and
technology. Recently we have seen protest
movements take to the streets when related
topics have been put on the agenda by nations
and NGOs, such as the WTO, the IMF and the
World Bank. Reactions matter and they reflect
that people are concerned with the lack of
meaningful visible results from the past decade,
especially in the wake of the UN Summitin Rioin
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1992. Unless these three global forces are given a
human face, especially in growing economies,
we shall have an increasing problem to solve. It is
in this setting that we need to address the question
of global co-operation being a means to safe-
guard the interests of host nations, host nation
companies and visiting companies.

It is also appropriate to consider possible
future developments on the basis of scenarios
such as those presented by Shell. Two scenarios
published recently catch some alternative
developments.

Business Class: Describes a world that is not
run by business but that operates like
a business, focussing on efficiency and
individual freedom of choice. It is
shaped by an expanding elite—a global
meritocracy in business, government,
entertainment, international NGOs
which is interconnected, everywhere.

Describes a world shaped not by what
we have in common but by the interplay
of our differences. People find their
values in roots, heritage and families.
They are still interested in economic
well-being and growth, but also in social
cohesion, religious faith and national
pride. Countries find their own develop-
ment paths to suit their own circum-
stances.

Prism:

Scenarios are not predictions, but coherent
and credible stories about the future. They
offer an opportunity to see different possible
developments and consequently new risks and
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opportunities that a business may face. When
we discuss global co-operation it may be
useful to keep these in mind. It is relevant to
understand that energy is of fundamental
importance for the development of societies
and people. The need for affordable and clean
energy will continue to increase, especially in
growing economies. Both consumption and
production of energy is central in all countries,
but critical for many. Moreover, it is reason-
able to assume that sustainable development
will also require cleaner and more effective
energy alternatives. Global co-operation is
absolutely essential to manage the transition
to a sustainable energy world. This is closely
linked to the ‘war on poverty’, or should one
rather say crusade for dignified life for present
and future generations. The petroleum industry
is crucial in this setting, but so also is the work
of international organisations and host govern-
ments, all co-operating in effective and trans-
parent ways.

Most energy scenarios project that consump-
tion of every primary energy source
will increase over the next 20 year forecast
horizon. Most of the increment in energy
consumption is in the form of fossil fuels (oil,
natural gas and coal), because it is expected that
fossil fuel prices will remain relatively low and
that the cost of generating energy from non-
fossil fuels will not be competitive. It is,
however, possible that as environmental pro-
grammes or government policies—particularly
those designed to limit or reduce greenhouse
gas emissions—are implemented, the outlook
might change, and non-fossil fuels (renewable
energy sources such as hydroelectricity,
geothermal, biomass, solar and wind power)
might become more attractive. But for the
future, fossil fuels will dominate (90%) albeit
using clean technologies. Overall energy use is
closely linked to population growth. Over half
the projected growth in energy demand will
occur in tandem with strong economic growth
in the nations of Asia, including China, India
and South Korea, and in Central and South
America.
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The Start of Globalisation

This commentary is about the petroleum
industry, so why not start with a related
anecdote. In the 1920s the American entrepre-
neur, Henry Doherty, became troubled by the
‘crude and ridiculous’ way that oil producers
were operating. Since the mid-19th century the
industry had been governed by the ‘rule of
capture’, a principle based on an old English
law for hunting migratory animals. This meant
that every time a new oil field was struck,
there was a scramble among producers to drill
into the structure the fastest and to draw off as
much oil as possible before their competitors.
Mr Doherty recognised that such a haphazard
way of drilling was leading to volatile prices as
well as damaging the underground pressure
needed to bring oil to the surface. To the
amazement of the industry he suggested that
oil fields should be ‘unitised’ or drilled as
single entities. The number of wells could be
limited to preserve the underground pressure
for longer and output would be apportioned to
the various partners on the basis of their
shareholding in the field. This idea—the first
time cooperation had been suggested in the
ultra-competitive oil industry—was at the time
radical and unpopular. It took Mr Doherty
several years of hard lobbying until unitisation
became an accepted practice. Today, the oil
industry remains as competitive as ever but
more readily recognises the value of partner-
ships in some parts of the business. Innovative
joint venture agreements are constantly being
developed—both between competing oil com-
panies and with specialist organisations outside
the industry. Joint ventures and collaborative
agreements are a useful way of minimising
risks on a number of fronts. Oil companies
have to deal with geological risks associated
with prospects, political risks in the countries
in which they operate and technological risks
in various parts of their business. By collabor-
ating with others they potentially lose some of
the upside but can pool resources and ideas
and spread the risks more thinly.



Joint Ventures

Long-established cooperation between oil
companies in the upstream business, refining
and marketing is being supplemented by new
joint ventures and partnerships, both in tra-
ditional and developing areas of the industry.
In the mature oil province of the UK North Sea,
for example, large oil companies are using
collaborative approaches to make their assets
work harder while smaller companies entering
for the first time are trying to find economic
ways of exploiting ever smaller pockets of oil
around existing infrastructure. Talisman Energy,
the Canadian exploration and production group,
entered into a risk-sharing contract with Global
Marine Integrated Services that enabled it to
access some of the most marginal offshore oil
fields in the world. Using advanced drilling
Global Marine was able to tap into the tiny
Beauly field, which has reserves of only 3
million barrels of oil. A horizontal extension of
1 200 m was drilled from an existing well and
this was then tied back through a sub-sea
pipeline to a floating production platform.

At the other end of the traditional business,
oil companies are seeking ways to minimise
risks associated with the construction of their
retail outlets. The global nature of the large
integrated oil groups means they have retail
operations in many countries, each with their
own complex planning laws and different
suppliers. BP has sought to simplify this process
by outsourcing its US$ 3 billion service station
construction and maintenance programme in
Europe, Japan, Venezuela and the US to Bovis
Lend Lease, the Anglo-Australian construction
group. To enable the risks to be shared, Bovis is
contracted on a long-term partnership agreement
and derives its profit purely from the savings it
achieves. ‘Our aim is to achieve a substantial
increase in capital productivity which will
enable us to fulfil our future growth operations
for the retail network,” says a BP official. ‘The
partnership with Bovis will be an important
component of this, delivering the savings
required on all our retail construction and

Chapter 2:

Crude Oil and Natural Gas Liquids

maintenance while continually improving the
service we offer to our customers’.

While joint ventures and partnership agree-
ments have helped greatly to streamline
traditional activities, the greatest concentration
of collaborative working in recent years has
been in the non-traditional and developing
areas of the business. These fall broadly into
two categories—new energy technologies and
e-commerce. Major oil companies have
realised that they must get involved with the
development of renewable and alternative
energy forms at an early stage, reasoning that
commercially recoverable hydrocarbon reserves
will eventually be depleted and that precautions
need to be taken against global warming. Some
have had in-house research capabilities and
have been working in this area for years but,
recognising that alternative energy is outside
their core areas of expertise, are now forming
joint ventures with more specialised compa-
nies. The development of hydrogen fuel cells,
which could one day replace the internal
combustion engine, has been one of the most
fertile grounds for this. All the major oil
companies have linked up with automotive
and fuel cell manufacturers in a bid to share
risks and ideas.

Social Concerns

There are increasing calls for corporate
responsibility and accountability covering econ-
omic, environmental and social issues. Social
responsibility is a key issue of concern to all
businesses around the world, not just to the oil
and gas business. The environment is no longer
an isolated subject; it is fundamental to every-
thing we do. Companies are being scrutinised
and measured as much for their social perform-
ance as for their business performance.

By demonstrating its ethics and integrity, the
oil and gas industry safeguards its reputation and
credibility. Through this, a respect is shown for
people, communities and the environment,
safety and compliance with the law. It is
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FIGURE 2.1 Proved oil reserves at end-2002: regional distribution.

the right thing to do. The global demand for
energy and more specifically ‘clean’ energy is
growing rapidly. There is no doubt that energy is
essential to the improvement of human life and
economic development. Oil, gas and coal
represent around 90% of commercial energy
used worldwide, and technological innovation
and good stewardship will allow us to go on
finding and producing oil and natural gas for
many years past current predictions.

To meet this demand, the petroleum
industry is called upon not just to provide
effective management of oil and gas reserves,
but also to marshal its financial resources and
technical capacity to further diversify energy
sources and delivery options. Energy industries
have always evolved to meet people’s changing
needs. The energy industry of the 21st century
will become more diverse and more dynamic.
For the longer term, sustainable economic
growth, meeting global energy demands in an
environmentally sensible and socially accepta-
ble way will require the development of
entirely new energy technologies and other
advanced fuel sources.

34

And hence the challenge, how does the
industry meet this growing demand for afford-
able petroleum and natural gas products, while
ensuring environmental quality and meeting
societal needs? Today, business success, in
both developed and developing countries, is
increasingly linked to strong performance in
financial markets, environmental stewardship
and community affairs. Businesses also have to
deal with changing sets of expectations from a
broader range of stakeholders.

The international petroleum industry takes
this challenge very seriously. The actual
responses to these environmental and social
challenges differ among companies and
countries. However, through the World Pet-
roleum Congress (WPC) the international oil
industry has a showcase and a forum for
communication to define common approaches
to global environmental issues and share good
environmental and social practices for
the benefit of the petroleum industry and the
community at large.

Specifically, the international petroleum
industry is collectively striving to address
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society’s need by helping to develop solutions
and responses that are socially, economically
and environmentally acceptable, by:

e developing partnership with key UN bodies,
global organisations and other industry
associations;

e searching for cost-effective solutions based on
sound science;

e conducting consultations with all stake-
holders.

As members of the global business commu-
nity, WPC members strive towards maintaining
high environmental standards. To accomplish
this, companies have developed comprehensive
and rigorous ‘risk-based’ environmental
management practices and processes, which
they apply to all operations anywhere in the
world. This ensures the adequate protection of
local values and priorities, while sustaining the
economic viability and durability of the
business enterprise.

Walking the Talk

There is great similarity among the policy-
level environmental commitments and general

aspirations of most major oil companies. These
commitments include:

e as a minimum, companies comply with local
laws and regulations. Responsible approaches
are applied where such laws and regulations do
not exist and/or where the companies
may judge that a more stringent approach is
appropriate;

e adoption of a corporate environmental policy
that applies to all operations;

e implementation of the policy using a risk-
based and a country-specific or site-specific
approach;

e setting-up high-level, long-range environmen-
tal performance objectives and tracking pro-
gress towards them;

e adoption of environmental management sys-
tems that are applied consistently throughout
the world;

e involvement of appropriate local stakeholders
in the decision-making process for issues that
affect them;

e establishment of global policy assurance
(stewardship) processes.

These common elements provide an umbrella
framework with the needed flexibility for each
company to implement it according to its core
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values. Major oil and gas companies are com-
mitted to the sharing of good practices and learn-
ing from each other so that they can continuously
improve their environmental performance.

The petroleum sector has long been at
the forefront of the development and implemen-
tation of management systems for Environment,
Health and Safety and more recently, the
emerging issues relating to corporate responsi-
bility. While earlier approaches focussed on end-
of-pipe/react and treat controls, more recently
proactive, preventative, risk-based management
approaches have been adopted as a means of
integrating critical elements of risk, then apply-
ing quality system approaches to continuously
improve on past performance.

The industry produces its own guidelines,
designed to encourage operating practices in
an environmentally and socially responsible
manner and provide an effective mechanism for
sharing good practices. There are many examples
in the upstream as well as the downstream sector
(e.g. International Standards Organisation (ISO)
and International Association of Oil & Gas Pro-
ducers (OGP) management systems, American
Petroleum Institute (API) management practices,
Canadian Association of Petroleum Producers
(CAPP) stewardship process, OGP guidelines for
exploration and production in mangrove areas,
the International Petroleum Industry Environ-
mental Conservation Association (IPIECA) Oil
Spill report series, IMO maritime statutory
regulations and many more.
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There is a universal need for efficient
technologies that will contribute to the sustain-
able development of the host countries and
communities by providing employment, improv-
ing quality of life and protecting the environ-
ment. The international petroleum industry
contributes to economic development and
environmental protection through technology
cooperation and capacity building. Many hope
that technology will provide solutions to meet
this challenge. Business and industry, the crea-
tors of both wealth and new technology, have a
key role to play in these areas. The growing
importance of business in promoting a more
sustainable future is highlighted by the fact that
private financial flows to developing countries
have well-outstripped official aid. For the
petroleum industry, technology transfer is not
a separate activity, but an integral part of the
business operation. The establishment of sound
management, the availability of a skilled work-
force and all the factors in the local supply chain
are a vital part of technology transfer.

International Co-operation

In the past 50 years or more, a rapid
industrialisation and urbanisation process,
while of extreme significance in terms of
economic development and personal mobility,
has led to the deterioration of urban air quality
and strained infrastructure systems. Moreover,



in addition to the link between urban air quality
deterioration and road transport, it is apparent
that a substantial role is also played by the
quantity and quality of air emissions from home
heating and cooking fuels, manufacturing and
small business enterprises.

Within Europe and Scandinavia many pet-
roleum company-led Air Quality Management
Programmes are actively promoting policies and
practices that are objective, cost-effective and
based on sound science, to improve air quality in
rapidly developing cities around the world. The
industry has developed a framework and a set of
tools, derived from the extensive experience
gained through the Auto-Oil programmes in
OECD countries. These tools enable subjective
analysis of options by decision makers and serve
as a foundation for new public policies. These
are communicated through the use of an air
quality ‘Toolkit’ and regional workshops to
promote a scientific basis for the approach to the
management of air emissions in order to attain
desired levels of improvement of air quality.
Over the past few years, the industry has been
actively working with the World Bank in its
Clean Air Initiative for Latin America, demon-
strating the applicability of a number of
computerised systems for objective analysis of
policy options in cities such as Lima in Peru and
Rio de Janeiro in Brazil.

No matter how good preventative measures
are, the petroleum industry recognises that
accidents can still happen. Particular emphasis
has been placed on the developing countries
where resources and expertise are scarce. Some
initiatives coordinate on-the-ground activity to
help the government and the oil industry in
specific countries to join forces and develop
a credible response and planning strategy.
The resources in the oil industry and the
specialist expertise available from both the
industry and the institutes are used to maxi-
mum effect in facilitating national and regional
workshops and training programmes attended
by both government and industry personnel. It
also encourages countries to ratify those IMO
Conventions that provide guidance on coopera-
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tive response planning and simplify compen-
sation procedures in the aftermath of an
incident.

Climate Change

Climate change is a global environmental
concern with potentially significant conse-
quences for society and the whole fossil fuel
industry. Its significance stems both from
possible future impacts of changing world
climate as well as potential socio-economic
consequences of policies proposed to respond
to increased concentrations of greenhouse gases
in the atmosphere. It is a unique issue in terms of
its scale, time frame, and the complexity and
uncertainty of scientific, technical, economic,
social and political dimensions.

The principal influences on greenhouse gas
emissions are the size of the human population,
the amount of energy used by each person and
the level of emissions resulting from that use
of energy. A variety of technical options are
available which could reduce emissions, the
most common and easiest to implement quickly
being improved energy efficiency. Other
options include fuel switching (coal or oil to
gas), renewable energy sources, alternative
energy economies (methanol, hydrogen) and
nuclear power. Yet all of these do not necessarily
have lower costs than current systems and some
have their own unique environmental and social
problems.

Alternatively, greenhouse gases, especially
CO,, may be recovered and stored. CO, capture
and storage is complementary to the above
options, having already demonstrated the poten-
tial for deep reductions in emissions whilst
allowing continued use of the established fossil
fuel infrastructure. It is a real practical option
available and demonstrated today. Investigation
of options and, especially, application of the
most suitable ones will be enhanced by inter-
national co-operation. These technical options
are most easily applicable to stationary plant,
such as power generation and large industrial
plants both on and off shore.
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The first CO, saline reservoir storage project
has now been in operation for over 5 years,
commissioned offshore in the second half of
1996 by Statoil, the operator of the Sleipner field
in the North Sea off the coast of Norway. The
company, well known for its socially responsible
actions and environmental initiatives, is extract-
ing annually over 1 million tonnes of CO, from
the natural gas produced by the Sleipner West
field and injecting the CO, into the nearby Utsira
Ieservoir.

This is also an example of excellent
international collaboration, between public
and private companies and governments. Sta-
toil on behalf of a group of partners operates
the Sleipner field. The additional agreement to
carry out a monitoring activity is being
supported by Statoil, ExxonMobil, BP, Vatten-
fall and many geological institutions from
Norway, the UK, Denmark, France, the Nether-
lands and Sweden. In addition there are
national ministries involved, including the
UK, Norway, Denmark, the Netherlands and
France. Thirty countries have been collaborat-
ing on practical research in this area since
1990. During the start-up phase, North Sea
seismic data was given to the group by all the
operators in the North Sea. This saved millions
of dollars of work and showed the willingness
of many competitors to contribute to this
unique project.

Transparency

The petroleum industry has been operating in
some of the world’s most sensitive environments
for more than 100 years. Although the industry’s
environmental record has not been perfect, it has
been a pioneer in developing and using new
technologies, systems and practices to minimise
the impact of its operations. The industry’s
continuous efforts to improve have intensified in
recent years, reflecting heightened public aware-
ness and interest regarding the way industry
manages its interface with the environment,
local communities and the public at large. With
careful planning, management and consultation,
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energy resources can be developed without
causing lasting damage to the environment,
while maximising economic and social benefits
to the local communities.

In order to be successful, oil companies
need access to resources and a licence to
operate. Businesses have to deal with changing
sets of expectations from a broader range of
stakeholders. In many countries the public is
becoming increasingly powerful and plays a
growing role in the decision-making processes
of both governments and businesses. Establish-
ing and maintaining good relationships with all
stakeholders is key to the future of the oil
industry.

With the demand for greater openness in
corporate behaviour, the success of what the oil
industry does increasingly depends upon
achieving stakeholder endorsement. This
requires that stakeholder views are sought
about proposed activities and the industry
engages in two-way dialogue. It is essential to
effectively engage community stakeholders in
decision-making processes that affect them. A
trusted company can be part of the process and
thus influence the outcome. As trust
diminishes, the demand for transparency and
assurance increases. There is no hiding place
from public scrutiny. Stakeholders want
demonstrable assurance that companies are
behaving responsibly. They want to be con-
sulted on issues of concern to them.

These key challenges in recent years relate
more to the social side than to the environmental
aspects of business. The impact of these
developments on large companies has been an
increasing call for corporate responsibility.

There are inconsistencies between the indus-
try’s perception of its responsibilities and what
‘others’ think is the industry’s responsibility.
Communities, employees, NGOs and the public
all have different expectations of, and concerns
about, the industry but there is a general belief
outside the sector that the industry is powerful,
profitable and insensitive. This is not the case;
current approaches utilised by the industry in the
area embrace the basic principle: financial



performance and responsibility to shareholders
as well as acceptable social and environmental
performance are of equal key importance to
sustained business success.

Cultural Differences

The convergence of oil, human rights, social
responsibility and sustainable development has
increasingly been in the headlines in recent
years, whether it was Nigeria, Myanmar, Indo-
nesia, Colombia, Angola or any number of other
countries, and those closer to home where oil
and gas projects have served to highlight
problems.

The issue of how oil companies interact with
the wider world has been brought home by a
number of well-publicised incidents. In the
summer of 1995 Royal Dutch/Shell found itself
the target of a well-organised and coordinated
wave of protest across Western Europe over its
plan to sink the obsolete Brent Spar oil storage
platform in the deep waters of the Atlantic
Ocean. Experts and European governments
approved the project, but Greenpeace, the
environmental pressure group, mounted a big
campaign that included occupying the Brent
Spar platform. The sophisticated use of video
and the media ensured that the Greenpeace
protests received maximum exposure on televi-
sion and radio and in the newspapers.

Sometimes subtle cultural differences
between companies from the modern, industrial-
ised world and developing countries can lead to
significant friction between the two. In its most
basic form, net present value, the means by which
oil companies calculate the economics of pro-
posed projects, can be translated simply as ‘time
is money’. Once a project has been sanctioned, its
ultimate value is linked to how quickly it can be
completed and become operational. Time may
indeed be money in the contemporary commer-
cial world, but in many parts of the Third World
time is far from an economic concept, and the
rush to complete projects can often raise suspi-
cions about the motives of the oil companies and
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whether they simply want to extract the oil or gas
as quickly as possible.

The rush to complete projects is exacerbated
by traditional relationships between oil compa-
nies and their main suppliers and contractors.
Even in those cases where the oil companies
themselves adopt measures to foster local
content and employment and mitigate their
negative impact on the environment or society,
it has often proved difficult to enforce the same
attitudes among contractors.

An example of the scale and speed of such
operations can be seen in BP’s preliminary plans
to proceed with full development of the main
foreign-operated oil and gas fields in Azerbaijan,
on the western shores of the Caspian Sea. The
two major BP-operated offshore oil and gas
developments along with their associated export
pipelines will cost almost US$ 9 billion in the
coming years. When translated onto the ground
in a country of just 8 million people and a
poorly developed and maintained infrastructure,
that means up to 400 more heavy trucks a day
passing through the potential chokepoint of the
Azeri-Georgian border, eight additional trains a
day on the Azeri rail network and 10 more
ships and three more large barges each month
passing through the Volga-Don canal system in
Russia into the Caspian. Add to that an influx of
thousands of foreign workers and a development
timetable that BP acknowledges will be ‘aggres-
sive’ and the scale of the potential disruption
becomes clear.

The Azeri projects and their associated
international pipelines promise to transform
Azerbaijan’s financial condition. In the 4 years
leading up to 2005 the Government’s share in
the present foreign-operated oil project is
expected to generate around US$ 150 million
a year. But in 2006 that figure is expected to
rocket to more than US$ 1 billion and quickly
climb to almost US$ 6 billion by 2011. The
size of such a windfall can often inflate public
expectations, something that the oil industry
has to be very careful about, as in many cases,
owing to aspects outside their control, such
expectations, especially among those more
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directly affected by such developments, have
been dashed.

While the response of oil companies to such
situations has not been uniform, there are
grounds for optimism that the industry can
adapt to new circumstances. Many people
working in the industry, especially the younger
generation, share some of the goals and aspira-
tions normally espoused by non-governmental
organisations and other pressure groups. In many
countries oil company employees have gone out
of their way to work with local communities and
build bridges to the wider society.

Companies such as Statoil, Shell and BP
have broken new ground, not only in assessing
the social impact of new projects but in
continually measuring their impact over the
life of such projects. Transparency has also been
greatly improved in recent years with the
introduction of annual environmental reports
which provide unprecedented detail into how
companies operate.

Joint Definitions of Petroleum
Reserves and Resources

In February 2000 the WPC, the Society of
Petroleum Engineers (SPE) and the American
Association of Petroleum Geologists (AAPG)
agreed on a joint resource classification system.
This included definitions of reserves previously
developed by the WPC and SPE and marked the
culmination of an important international colla-
borative effort. In 1980 the WPC decided to set
up a study group to review the classification and
nomenclature of petroleum and petroleum
reserves. An interim report was submitted to
the 11th Jubilee Congress in London in 1983 and
the final document was adopted during the
Houston Congress in 1987. Working separately,
the SPE had produced strikingly similar sets of
petroleum reserves definitions. It made sense to
cooperate and at the end of the WPC Stavanger
Congress in June 1994 a joint statement of
principles was produced by the WPC and SPE.
Shortly thereafter a task force was established to
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develop the ensuing set of definitions. The aim
was to provide general guidelines for classifi-
cation in order to allow for proper comparison
of quantities on a worldwide basis, with the
stipulation that the nomenclature as proposed
should be applied only to discovered accumu-
lations and associated potential deposits. It was
recognised that various ways of mathematically
handling the data were in use to fix the defining
criteria for reasonable certainties of reserves
classes. So, no method of calculation was to be
excluded. Moreover, it was considered accep-
table to evaluate the effectiveness of recovery
processes in adjacent reservoirs by use of
analogies in reservoir characteristics. The
rationale for the cooperation was that if a
common nomenclature was presented by the
SPE and the WPC it would have a much greater
chance of worldwide acceptance and would
signify a joint, unique stance on an essential
technical issue faced by the international
petroleum industry.

The SPE/WPC proposals were adopted in
1997. The need to maintain continuity with past
definitions and keep the terminology as close as
possible to current common usage was recog-
nised. At the same time, both organisations
realised that new technologies had to be accom-
modated. Over the past several years, the
industry had seen the emergence of probabilistic
approaches in the evaluation of reserves for all
classification categories.

Complete texts of the SPE/WPC/AAPG
definitions of petroleum reserves and
resources are available via the Internet at
www.world-petroleum.org and www.spe.org.

Conclusion

Meeting society’s increasing demand for
energy and strong environmental and social
performance in this century will be a decisive
challenge for energy companies and host
nations. The petroleum industry recognises the
complexities of trying to achieve a balance
among economic, environmental and social



expectations. There are conflicting demands and
contradictory expectations. There are limits to
what companies can do, and ought to do. At the
international level, the World Petroleum Con-
gress (and other such organisations) encourages
dialogue and sharing of experiences between its
members, internal discussion and production of
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case studies, which all help in building on key

lessons learned and sharing good practices

within the industry, thereby living up to its

purpose to promote sound fossil fuel use for the
benefit of mankind.

Pierce W Riemer

World Petroleum Congress
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DEFINITIONS

Crude oil is a naturally occurring mixture
consisting predominantly of hydrocarbons
that exists in liquid phase in natural under-
ground reservoirs and is recoverable as
liquids at typical atmospheric conditions of
pressure and temperature. Crude oil has a
viscosity no greater than 10 000 mPas
(centipoises) at original reservoir conditions;
oils of greater viscosity are included in
Chapter 4—Natural Bitumen and Extra-
Heavy Oil.

Natural gas liquids (NGLs) are hydrocarbons
that exist in the reservoir as constituents
of natural gas but which are recovered as
liquids in separators, field facilities or gas-
processing plants. NGLs include (but are not
limited to) ethane, propane, butanes, pen-
tanes, natural gasoline and condensate; they
may include small quantities of non-hydro-
carbons.

If reserves/resources/production/consumption of
NGLs exist but cannot be separately quanti-
fied, they are included (as far as possible)
under crude oil.

In the tables the following definitions apply to
both crude oil and NGLs:
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Proved amount in place is the resource
remaining in known natural reservoirs that
has been carefully measured and assessed as
exploitable under present and expected local
economic conditions with existing available
technology.

Proved recoverable reserves are the quantity
within the proved amount in place that can be
recovered in the future under present and
expected local economic conditions with
existing available technology.

Estimated additional amount in place is the
resource additional to the proved amount in
place that is of foreseeable economic interest.
Speculative amounts are not included.

Estimated additional reserves recoverable is
the quantity within the estimated additional
amount in place that geological and
engineering information indicates with
reasonable certainty might be recovered in
the future.

R/P (reserves/production) ratio is calculated
by dividing the volume of proved recov-
erable reserves at the end of 2002 by
volumetric production in that year. The
resulting figure is the time in years that the
proved recoverable reserves would last if
production were to continue at the 2002
level.
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TABLE 2.1
Crude oil and natural gas liquids: proved recoverable reserves at end-2002
Crude oil NGLs Total Crude oil NGLs Total
(million (million (million (million (million (million
tonnes) tonnes) tonnes) barrels) barrels) barrels)

Algeria 1347 221 1 568 10 693 2 201 12 894
Angola 1201 8 900
Benin 1 8
Cameroon 55 400
Chad 133 900
Congo (Brazzaville) 213 1 506
Congo (Dem. Republic) 26 187
Cote d’Ivoire 38 38 277 277
Egypt (Arab Republic) 409 83 492 2 900 800 3700
Equatorial Guinea 149 1095
Ethiopia N N
Gabon 342 2 499
Ghana 2 17
Libya/GSPLAJ 4 688 36 000
Morocco N 2
Nigeria 4 252 31 506
Senegal N N
South Africa 5 5 40 40
Sudan 76 563
Tunisia 40 308
Total Africa 13 281 100 802
Barbados N 3
Canada 614 188 802 4 491 1 556 6 047
Cuba 116 750
Guatemala 80 526
Mexico 2 154 183 2 337 15 123 2 072 17 195
Trinidad & Tobago 102 716
USA 3094 707 3 801 22 677 7 994 30 671
Total North America 7 238 55 908
Argentina 379 2749
Bolivia 59 486
Brazil 1348 9 812
Chile 20 150
Colombia 253 1 842
Ecuador 650 4 630
Peru 44 323
Surinam 26 170
Venezuela 11 139 77 306
Total South America 13 918 97 468

(continued on next page)
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TABLE 2.1 (Continued)

Crude oil NGLs Total Crude oil NGLs Total
(million (million (million (million (million (million
tonnes) tonnes) tonnes) barrels) barrels) barrels)
Azerbaijan 959 7 000
Bangladesh 8 57
Brunei 184 1 350
China 3 300 24 156
Georgia 5 35
India 740 5572
Indonesia 705 5100
Japan 9 9 68 68
Kazakhstan 1233 9 000
Kyrgyzstan 5 40
Malaysia 393 3 000
Myanmar (Burma) 7 50
Pakistan 37 2 39 276 26 302
Philippines 6 6 43 43
Taiwan, China 1 4
Tajikistan 2 12
Thailand 47 32 79 364 328 692
Turkey 39 39 273 273
Turkmenistan 75 546
Uzbekistan 81 594
Vietnam 338 2 500
Total Asia 8 208 60 394
Albania 80 80 528 528
Austria 12 86
Belarus 27 198
Bulgaria 2 15
Croatia 9 9 67 67
Czech Republic 12 12 81 81
Denmark 170 170 1277 1277
France 20 1 21 146 7 153
Germany 60 N 60 442 N 442
Greece 1 9
Hungary 22 22 164 164
Italy 89 622
Lithuania 64 64 467 467
Netherlands 15 106
Norway 1 098 202 1 300 8 214 2 234 10 448
Poland 16 16 118 118
Romania 99 1 100 742 11 753
Russian Federation 8219 60 000
Serbia & Montenegro 22 22 161 161
Slovakia 1 1 7 7
Slovenia N N
Spain 2 2 12 12
Ukraine 197 1436
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TABLE 2.1 (Continued)

Crude oil NGLs Total Crude oil NGLs Total
(million (million (million (million (million (million
tonnes) tonnes) tonnes) barrels) barrels) barrels)
United Kingdom 591 4 580
Total Europe 11 032 81 730
Bahrain 17 125
Iran (Islamic Republic) 10 668 1981 12 649 77 660 21 400 99 060
Iraq 15 520 115 000
Israel 1 4
Jordan N N 1 1
Kuwait 13 292 96 500
Oman 794 5 850
Qatar 1996 15 207
Saudi Arabia 36 098 262 790
Syria (Arab Republic) 430 3150
United Arab Emirates 13 023 97 800
Yemen 524 4 000
Total Middle East 94 344 699 487
Australia 130 151 281 1 020 1518 2 538
New Zealand 9 71
Papua New Guinea 31 240
Total Oceania 321 2 849
Total World 148 342 1 098 638

Notes:

(1) The data on the split of total oil reserves between crude and NGLs are those reported by WEC Member Committees in
2003. They thus constitute a sample, reflecting the information available in particular countries: they should not be
considered as complete or necessarily representative of the situation in each region. For this reason, regional and global
aggregates have not been computed.

(2) Where a split of reserves between crude oil and NGLs is shown, the components have been converted from barrels to
tonnes (or vice versa) at specific crude oil and NGL factors for each country; where only total reserves are shown,
conversions have been carried out using the crude oil factor for each country.

(3) Sources: WEC Member Committees, 2003; Oil & Gas Journal, 22 December, 2003; Annual Statistical Report 2003,
OAPEC; Annual Statistical Bulletin 2002, OPEC; World Oil, August 2003; various national sources.
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TABLE 2.21
Crude oil and natural gas liquids: resources at end-2002 (million tonnes)
Crude oil Natural gas liquids
Proved amount Estimated additional Proved amount Estimated additional
in place in place
Amount Reserves Amount  Reserves
in place recoverable in place recoverable
Africa
Algeria 9 744 222 436 678 16 22
Cote d’Ivoire 84
North America
Canada 3318 22 716 6 815 131 1476 1024
Mexico 3939 1227 289 99
USA 709
South America
Argentina 156
Brazil 449
Asia
China 22 000 88 000
Indonesia 1342
Philippines 23 180 17
Thailand 13 25
Turkey 156
Europe
Albania 440
Austria 12
Croatia 9
Czech Republic 17 13
Denmark 1 689 188 73
France 419 34
Germany 20
Hungary 216 33-195 10-58
Italy 122 116
Norway 2 130 1420 155
Poland 31
Romania 1925 204 34 14 4 1
Serbia & Montenegro 60
Spain 69 1 N
Oceania
Australia 72 178
Notes:

(1) The data on resources are predominantly those reported by WEC Member Committees. They thus constitute a sample,
reflecting the information available in particular countries: they should not be considered as complete or necessarily
representative of the situation in each region. For this reason, regional and global aggregates have not been computed.

(2) Some of the figures above have been converted from data reported in volumetric terms (e.g. barrels), using specific crude
oil and NGL factors for each country. The results have generally been left unrounded, although their apparent precision
should be disregarded.

(3) Sources: WEC Member Committees, 2003; private communication.
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TABLE 2.211
Crude oil and natural gas liquids: resources at end-2002 (million barrels)
Crude oil Natural gas liquids
Proved amount Estimated additional Proved amount  Estimated additional
in place in place
Amount Reserves Amount  Reserves
in place  recoverable in place recoverable
Africa
Algeria 77 365 1761 3 459 6 730 157 220
Cote d’Ivoire 611
North America
Canada 24 258 166 051 49 815 1 082 12 191 8 457
Mexico 27 654 8611 3 264 1119
USA 5195
South America
Argentina 1132
Brazil 3271
Asia
China 161 000 644 000
Indonesia 9 700
Philippines 168 1 341 125
Thailand 97 258
Turkey 1 094
Europe
Albania 2 904
Austria 84
Croatia 67
Czech Republic 115 88
Denmark 12 649 1 409 547
France 3084 358
Germany 147
Hungary 1 620 2481 463 75-435
Italy 854 812
Norway 15932 10 622 1 702
Poland 230
Romania 14 457 1532 255 146 42 10
Serbia & Montenegro 438
Spain 510 5 2
Oceania
Australia 567 1789
Notes:

(1) The data on resources are predominantly those reported by WEC Member Committees. They thus constitute a sample,
reflecting the information available in particular countries: they should not be considered as complete or necessarily
representative of the situation in each region. For this reason, regional and global aggregates have not been computed.

(2) Some of the figures above have been converted from data reported in tonnes, using specific crude oil and NGL factors for
each country. The results have generally been left unrounded, although their apparent precision should be disregarded.

(3) Sources: WEC Member Committees, 2003; private communication.

47



2004 Survey of Energy Resources

TABLE 2.3
Crude oil and natural gas liquids: 2002 production

Crude oil NGLs Total Crude oil NGLs Total R/P

(million (million  (million  (thousand (thousand (thousand ratio

tonnes) tonnes) tonnes) barrels barrels barrels

per day) per day) per day)

Algeria 46.0 24.2 70.2 1 000 658 1 658 21.3
Angola 44.6 44.6 905 905 26.9
Cameroon 3.7 3.7 72 72 15.2
Congo (Brazzaville) 13.3 13.3 258 258 16.0
Congo (Dem. Republic) 1.2 1.2 23 23 22.3
Cote d’Ivoire 0.7 0.7 15 15 50.6
Egypt (Arab Republic) 323 4.7 37.0 628 123 751 13.5
Equatorial Guinea 11.7 11.7 237 237 12.7
Gabon 14.7 14.7 295 295 23.2
Ghana 0.3 0.3 6 6 7.5
Libya/GSPLAJ 62.5 2.1 64.6 1316 60 1 376 71.7
Morocco N N N N 16.5
Nigeria 96.2 2.4 98.6 1953 60 2013 429
Senegal N N N N N N
South Africa 1.0 0.2 1.2 21 6 27 4.1
Sudan 11.5 11.5 233 233 6.6
Tunisia 3.5 0.1 3.6 74 1 75 11.3
Total Africa 343.2 33.7 376.9 7 036 908 7 944 34.5
Barbados 0.1 0.1 1 1 6.2
Canada 72.9 22.3 95.2 1 460 678 2 138 7.7
Cuba 3.3 3.3 57 57 36.0
Guatemala 1.4 1.4 25 25 57.6
Mexico 165.2 13.2 178.4 3177 408 3 585 13.1
Trinidad & Tobago 6.2 1.4 7.6 118 37 155 12.7
United States of America 286.1 60.7 346.8 5 746 1 880 7 626 11.0
Total North America 535.2 97.6 632.8 10 584 3003 13 587 11.3
Argentina 38.0 0.6 38.6 755 19 774 9.7
Bolivia 1.4 0.4 1.8 31 11 42 31.7
Brazil 72.9 1.5 74.4 1454 45 1 499 17.9
Chile 0.3 0.1 0.4 6 4 10 41.1
Colombia 29.0 0.7 29.7 578 23 601 8.4
Ecuador 20.1 0.3 20.4 393 9 402 31.6
Peru 4.6 0.2 4.8 93 5 98 9.0
Surinam 0.7 0.7 13 13 35.8
Venezuela 143.7 5.2 148.9 2 732 162 2 894 73.2
Total South America 310.7 9.0 319.7 6 055 278 6 333 42.2
Azerbaijan 15.1 0.2 15.3 303 6 309 62.1
Bangladesh N N N N 1 1 >100
Brunei 9.7 0.5 10.2 195 15 210 17.6
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Crude oil NGLs Total Crude oil NGLs Total R/P

(million (million  (million (thousand (thousand (thousand ratio

tonnes) tonnes) tonnes) barrels barrels barrels

per day) per day) per day)

China 168.9 168.9 3 387 3 387 19.5
Georgia 0.1 N 0.1 1 N 1 49.5
India 32.9 3.8 36.7 679 114 793 19.3
Indonesia 55.8 6.6 62.4 1106 172 1278 10.9
Japan 0.6 0.3 0.9 12 8 20 9.3
Kazakhstan 42.0 5.2 472 841 148 989 24.9
Kyrgyzstan 0.1 N 0.1 2 N 2 71.7
Malaysia 28.6 8.3 36.9 599 234 833 9.9
Myanmar (Burma) 0.7 N 0.7 15 N 15 9.1
Pakistan 3.1 0.1 3.2 63 2 65 12.7
Philippines 0.3 0.4 0.7 6 9 15 7.9
Taiwan, China 0.1 N 0.1 1 1 2 6.8
Tajikistan N N N N N N 87.2
Thailand 34 4.5 7.9 71 126 197 9.6
Turkey 2.4 2.4 46 46 16.3
Turkmenistan 8.8 0.2 9.0 176 6 182 8.2
Uzbekistan 4.1 3.1 7.2 81 89 170 9.6
Vietnam 16.8 0.5 17.3 341 14 355 19.3
Total Asia 393.5 33.7 427.2 7 925 945 8 870 18.7
Albania 0.3 0.3 6 6 >100
Austria 1.0 0.1 1.1 18 3 21 11.2
Belarus 1.8 1.8 37 37 14.7
Bulgaria N N N N 93.0
Croatia 1.1 1.1 23 23 8.0
Czech Republic 0.3 0.3 5 5 46.3
Denmark 18.1 18.1 370 370 9.5
France 1.3 0.2 1.5 27 5 32 13.1
Germany 3.7 3.7 74 74 16.4
Greece 0.2 N 0.2 4 1 5 4.8
Hungary 1.1 0.4 1.5 22 12 34 13.2
Italy 5.5 5.5 105 105 16.2
Lithuania 0.4 0.4 9 9 >100
Netherlands 2.2 0.9 3.1 44 22 66 44
Norway 146.0 11.3 157.3 2 992 338 3330 8.6
Poland 0.7 0.7 14 14 23.1
Romania 5.7 0.1 5.8 117 3 120 17.2
Russian Federation 367.1 12.5 379.6 7 342 356 7 698 21.4
Serbia & Montenegro 0.7 0.1 0.8 14 2 16 27.6
Slovakia N N N N 15.2
Slovenia N N N N
Spain 0.3 0.3 7 7 4.6
Ukraine 2.6 1.1 3.7 53 32 85 46.3
United Kingdom 107.4 8.5 115.9 2 207 255 2 462 5.1

(continued on next page)
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TABLE 2.3 (Continued)

Crude oil NGLs Total Crude oil NGLs Total R/P

(million (million  (million  (thousand (thousand (thousand ratio

tonnes) tonnes) tonnes) barrels barrels barrels

per day) per day) per day)

Total Europe 667.5 35.2 702.7 13 490 1029 14 519 154
Bahrain 1.9 0.4 2.3 38 11 49 7.0
Iran (Islamic Republic) 162.8 4.0 166.8 3248 119 3 367 80.6
Iraq 99.2 0.5 99.7 2014 16 2 030 >100
Israel N N N N >100
Jordan N N N N 62.4
Kuwait 87.8 4.1 91.9 1 746 125 1871 >100
Oman 44 .4 0.2 44.6 897 5 902 17.8
Qatar 30.8 3.8 34.6 644 111 755 55.2
Saudi Arabia 391.6 26.5 418.1 7 810 870 8 680 82.9
Syria (Arab Republic) 28.2 0.4 28.6 567 10 577 15.0
United Arab Emirates 95.0 10.6 105.6 1 955 315 2 270 >100
Yemen 21.8 0.6 22.4 456 17 473 23.2
Total Middle East 963.5 51.1 1 014.6 19 375 1599 20 974 914
Australia 23.0 8.5 31.5 495 235 730 9.5
New Zealand 1.4 0.2 1.6 31 6 37 5.3
Papua New Guinea 2.1 2.1 46 46 14.3
Total Oceania 26.5 8.7 35.2 572 241 813 9.6
Total World 3 240.1 269.0 3 509.1 65 037 8 003 73 040 41.2

Notes:

(1) Sources: WEC Member Committees, 2003; BP Statistical Review of World Energy, June 2003; Oil & Gas Journal,
22 December, 2003; other international and national sources.
(2) Conversions from barrels to tonnes (or vice versa) have been carried out using specific crude oil and NGL factors for each

country.
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TABLE 2.4
Crude oil and natural gas liquids: 2002 consumption

Crude oil NGLs Total Crude oil NGLs Total

(million (million (million (thousand (thousand (thousand

tonnes) tonnes) tonnes) barrels barrels barrels
per day) per day) per day)

Algeria 22.0 22.0 445 445
Angola 2.0 2.0 40 40
Cameroon 1.6 1.6 32 32
Congo (Brazzaville) 0.5 0.5 10 10
Congo (Dem. Republic) 0.1 0.1 2 2
Cote d’Ivoire 3.0 3.0 60 60
Egypt (Arab Republic) 19.6 2.7 22.3 393 80 473
Eritrea
Gabon 0.6 0.6 12 12
Ghana 1.5 1.5 30 30
Kenya 1.6 1.6 32 32
Libya/GSPLAJ 17.2 17.2 345 345
Madagascar 0.5 0.5 10 10
Mauritania 1.0 1.0 20 20
Morocco 6.3 6.3 127 127
Nigeria 11.0 11.0 220 220
Senegal 1.0 1.0 20 20
South Africa 22.0 22.0 445 445
Sudan 3.0 3.0 60 60
Tanzania
Tunisia 2.0 2.0 40 40
Zambia 0.5 0.5 10 10
Total Africa 117.0 2.7 119.7 2 353 80 2433
Aruba 10.0 10.0 200 200
Canada 89.2 8.5 97.7 1791 253 2 044
Costa Rica 0.3 0.3 6 6
Cuba 5.0 5.0 100 100
Dominican Republic 2.0 2.0 40 40
El Salvador 1.1 1.1 22 22
Guatemala 1.0 1.0 10 10
Jamaica 1.1 1.1 22 22
Martinique 0.8 0.8 15 15
Mexico 69.1 69.1 1 387 1 387
Netherlands Antilles 12.5 12.5 250 250
Nicaragua 1.0 1.0 20 20
Panama 2.2 2.2 45 45
Puerto Rico 2.5 2.5 50 50
Trinidad & Tobago 7.4 7.4 150 150
United States of America 744.3 63.2 807.5 14 947 1 880 16 827
US Virgin Islands 17.5 17.5 350 350
Total North America 967.0 71.7 1 038.7 19 405 2133 21 538

(continued on next page)
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TABLE 2.4 (Continued)

Crude oil NGLs Total Crude oil NGLs Total

(million (million (million (thousand (thousand (thousand

tonnes) tonnes) tonnes) barrels barrels barrels
per day) per day) per day)

Argentina 27.2 0.6 27.8 546 19 565
Bolivia 1.8 1.8 35 35
Brazil 80.1 1.5 81.6 1 609 45 1 654
Chile 10.0 N 10.0 200 N 200
Colombia 14.4 14.4 289 289
Ecuador 8.2 8.2 165 165
Paraguay 0.1 0.1 2 2
Peru 8.0 8.0 160 160
Surinam 0.5 0.5 10 10
Uruguay 1.7 1.7 35 35
Venezuela 43.2 43.2 868 868
Total South America 195.2 2.1 197.3 3919 64 3983
Azerbaijan 6.2 0.1 6.3 125 3 128
Bangladesh 1.3 0.1 1.4 26 3 29
Brunei 0.6 0.6 13 13
China 221.0 221.0 4 438 4 438
Cyprus 1.1 1.1 22 22
Georgia N N 1 1
India 110.1 110.1 2212 2212
Indonesia 49.0 49.0 985 985
Japan 198.0 4.1 202.1 3976 123 4 099
Kazakhstan 6.0 4.0 10.0 120 120 240
Korea (DPR) 0.7 0.7 14 14
Korea (Republic) 107.6 107.6 2 160 2 160
Kyrgyzstan 0.1 0.1 2 2
Malaysia 22.6 22.6 453 453
Myanmar (Burma) 1.0 1.0 20 20
Pakistan 10.0 10.0 200 200
Philippines 12.9 12.9 259 259
Singapore 41.1 41.1 825 825
Sri Lanka 2.3 2.3 45 45
Taiwan, China 39.3 39.3 789 789
Tajikistan N N N N
Thailand 39.2 0.4 39.6 787 11 798
Turkey 29.6 29.6 594 594
Turkmenistan 7.5 0.7 8.2 150 20 170
Uzbekistan 4.0 32 7.2 80 95 175
Vietnam
Total Asia 911.2 12.6 923.8 18 296 375 18 671
Albania 1.1 1.1 21 21
Austria 8.8 0.1 8.9 176 2 178
Belarus 13.0 13.0 260 260
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TABLE 2.4 (Continued)
Crude oil NGLs Total Crude oil NGLs Total
(million (million (million (thousand (thousand (thousand
tonnes) tonnes) tonnes) barrels barrels barrels
per day) per day) per day)

Belgium 33.5 33.5 673 673
Bulgaria 5.5 5.5 112 112
Croatia 4.6 4.6 92 92
Czech Republic 6.2 6.2 125 125
Denmark 7.3 73 146 146
Finland 11.1 1.0 12.1 223 30 253
FYR Macedonia 0.7 0.7 14 14
France 81.6 0.2 81.8 1 638 6 1 644
Germany 107.4 107.4 2 157 2 157
Greece 18.5 N 18.5 370 1 371
Hungary 6.4 04 6.8 128 13 141
Ireland 3.2 3.2 64 64
Italy 91.6 91.6 1 840 1 840
Latvia
Lithuania 6.4 0.1 6.5 129 3 132
Netherlands 48.3 9.2 57.5 970 273 1243
Norway 12.5 1.1 13.6 252 31 283
Poland 17.8 17.8 357 357
Portugal 11.8 11.8 237 237
Romania 11.5 11.5 231 231
Russian Federation 189.0 189.0 3795 3795
Serbia & Montenegro 3.2 0.1 33 65 3 68
Slovakia 53 53 106 106
Slovenia
Spain 71.4 71.4 1433 1433
Sweden 18.8 18.8 378 378
Switzerland 4.8 4.8 96 96
Ukraine 16.0 1.2 17.2 320 35 355
United Kingdom 77.8 1.6 79.4 1 562 47 1 609
Total Europe 895.1 15.0 910.1 17 970 444 18 414
Bahrain 12.0 12.0 240 240
Iran (Islamic Republic) 53.6 3.0 56.6 1076 90 1 166
Iraq 25.5 25.5 512 512
Israel 10.5 10.5 211 211
Jordan 3.9 3.9 78 78
Kuwait 45.5 45.5 914 914
Oman 4.1 0.1 4.2 83 1 84
Qatar 2.5 2.5 50 50
Saudi Arabia 95.0 95.0 1 908 1 908
Syria (Arab Republic) 13.5 13.5 271 271
United Arab Emirates 23.0 23.0 462 462
Yemen 5.0 5.0 100 100
Total Middle East 294.1 3.1 297.2 5 905 91 5 996

(continued on next page)
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TABLE 2.4 (Continued)
Crude oil NGLs Total Crude oil NGLs Total
(million (million (million (thousand (thousand (thousand
tonnes) tonnes) tonnes) barrels barrels barrels
per day) per day) per day)
Australia 33.1 2.5 35.6 664 75 739
New Zealand 4.7 0.1 4.8 94 3 97
Total Oceania 37.8 2.6 40.4 758 78 836
Total World 34174 109.8 3527.2 68 606 3 265 71 871
Notes:

(1) The data refer to consumption of indigenous and imported crude oil and NGLs, comprising refinery throughput plus direct

use of crude 0il/NGLs as fuel.

(2) It is often not possible to isolate consumption of NGLs; if details are unavailable they are included with crude oil. This
situation makes it impossible to calculate accurate conversions of oil consumption from tonnes to barrels in all cases.

(3) Sources: WEC Member Committees 2003; Oil, Gas, Coal and Electricity Quarterly Statistics, third quarter, 2003,
IEA/OECD:; other international and national sources; estimates by the editors.
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COUNTRY NOTES

The following Country Notes on Crude Oil
and Natural Gas Liquids provide a brief account
of each country with significant oil reserves/
production. They have been compiled by the
editors, drawing upon a wide variety of material,
including information received from WEC
Member Committees, national and international
publications'.

The principal international published sources
consulted were:

o Annual Statistical Bulletin 2002, OPEC;

e BP Statistical Review of World Energy, June
2003;

o Energy Balances of OECD Countries 2000—
2001, 2003, International Energy Agencys;

e Energy Balances of Non-OECD Countries
2000-2001, 2003, International Energy
Agency;

e FEnergy Statistics of OECD Countries 2000—
2001, 2003, International Energy Agencys;

e Energy Statistics of Non-OECD Countries
2000-2001, 2003, International Energy
Agency;

e Oil & Gas Journal, various issues, PennWell
Publishing Co.;

o Qur Industry Petroleum, 1977, The British
Petroleum Company Ltd;

o Petroleum Economist, various issues;

e Secretary General’s Twenty-Ninth Annual
Report, A.H. 1422—1423/A.D. 2002, 2003,
OAPEC;

e World Oil, August 2003, Gulf Publishing
Company.

Brief salient data are shown for each country,
including the year of first commercial production
(where ascertained).

Please note that Reserves/Production (R/P)
ratios have been calculated on volumetric
data (barrels): owing to differential conversion

! For background notes on countries with relatively low levels of
reserves/production, please refer to the 2001 edition of the Survey.
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factors, R/P ratios based on tonnes would not
generally equate to those based on volumes.

Algeria

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 1 568
Production (crude oil and NGL.s,

million tonnes, 2002) 70.2
R/P ratio (years) 21.3
Year of first commercial production 1950

Indigenous oil reserves are the third largest
in the African region, after Libya and Nigeria.
The principal oil provinces are located in the
central and south-eastern parts of the country,
with the largest oil field being Hassi Messaoud,
which was discovered in 1956. Substantial
volumes of NGLs (condensate and LPG) are
produced at Hassi R’mel and other gas fields.
Algerian crudes are of high quality, with a low
sulphur content.

A variety of levels (reflecting, inter alia,
differences in definitions) have been published
for Algeria’s proved oil reserves as at end-2002,
ranging (in billions of barrels) from Oil & Gas
Journal’s 9.2 to World Oil’s 13.0; intermediate
levels are quoted by OPEC (11.314) and OAPEC
(12.000). For the present Survey, the level
adopted is that advised by the Algerian WEC
Member Committee: 10 693 million barrels of
crude oil plus 2 201 million barrels of NGLs.
These proved reserves have been reported in a
context of proved amounts in place of 77 365
million barrels of crude plus 6 730 million
barrels of NGLs.

Algeria has been a member of OPEC since
1969 and is also a member of OAPEC. It
exported more than half its output of crude oil
(excluding condensate) in 2002, mainly to
Western Europe and North America.

Angola

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 1201
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Production (crude oil and NGLs,

million tonnes, 2002) 44.6
R/P ratio (years) 26.9
Year of first commercial production 1956

Proved reserves of oil (8.9 billion barrels, as
quoted by World Oil) are the second largest in
sub-Saharan Africa. Oil & Gas Journal and
OPEC quote a lower level (5 412 million
barrels), which does not appear to allow for
recent major discoveries in Angola’s offshore
waters. The early discoveries (from 1955
onwards) were made on land, but the greater
part of Angola’s oil resources lies in the coastal
waters of its enclave of Cabinda and off the
north-western mainland. Major discoveries have
been made in recent times in deep water
locations. Offshore exploration and production
activities largely escaped disruption during the
long civil war, and output has risen steadily since
the early 1980s. By far the greater part of the
crude produced is exported.

Argentina

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 379
Production (crude oil and NGL.s,

million tonnes, 2002) 38.6
R/P ratio (years) 9.7
Year of first commercial production 1907

In terms of oil resources, Argentina lies in the
middle ranks of South American countries, with
a rising level of reserves which now exceeds
those of Colombia and Ecuador. The main oil-
producing areas are the west-central areas of
Neuquén and Cuyo-Mendoza, the Noroeste area
near Bolivia in the north, the southern province
of Chubut and the Austral area in the far south
(including Argentina’s portion of Tierra del
Fuego). Offshore fields have been discovered in
the San Jorge basin off Chubut province and near
Tierra del Fuego.

Proved recoverable oil reserves at end-2002
are reported by the WEC Member Committee
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for Argentina as 437 million m® (2 749 million
barrels), of which 12 million m®> (75 million
barrels) located offshore. The estimated level of
additional recoverable reserves is given as 180
million m® (1 132 million barrels). Published
assessments of reserves accord quite closely
with the reported level.

Oil output rose strongly during most of the
1990s, but a decline set in at the end of the
decade: a considerable proportion is exported
(37% in 2002). The Golfo San Jorge and
Neuquina basins account for 82% of Argentina’s
oil production.

Australia

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 281
Production (crude oil and NGLs,

million tonnes, 2002) 31.5
R/P ratio (years) 9.5
Year of first commercial production 1964

Although drilling for oil took place as long
ago as 1892, it was not until well after World
War II that Australia achieved oil-producer
status. Since then, numerous oil fields have
been discovered, notably in the following areas:
Gippsland Basin (Bass Strait), off Victoria;
Cooper Basin, South Australia; Eromanga and
Surat Basins, Queensland; Carnarvon Basin
(North-west Shelf) off Western Australia; Bona-
parte Basin in the Timor Sea.

The Australian WEC Member Committee,
quoting Geoscience Australia data as at Ist
January 2001, reports proved recoverable
reserves ( = ‘remaining commercial reserves’)
as 162.2 gigalitres of crude oil and 112.5 giga-
litres of condensate. With the inclusion of
128.9 gigalitres of naturally occurring LPG,
total proved recoverable oil reserves amount
to 403.6 gigalitres, equivalent to 2 538 million
barrels or just over 280 million tonnes.
Commercially published estimates of Australian
oil reserves tend to be considerably higher
than the level adopted for the present



Survey: Oil & Gas Journal quotes 3 500 million
barrels and World Oil 3 700.

The estimated additional reserves recover-
able, on the basis of Geoscience Australia’s
‘estimates of reserves that have not yet been
declared commercially viable (non-commercial
reserves)’, are as follows (in gigalitres): crude
oil 90.1; condensate 284.5; naturally occurring
LPG 230.8.

Production of oil (including condensate and
other NGLs) has fluctuated in recent years: in
2002 it averaged 730 000 b/d, of which crude oil
accounted for 68%, condensate 17% and
LPG/ethane for 15%. About 60% of Australia’s
total oil output in 2002 was exported, mostly to
Japan and other Asian destinations, the USA and
New Zealand.

Azerbaijan

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 959
Production (crude oil and NGLs,

million tonnes, 2002) 15.3
R/P ratio (years) 62.1
Year of first commercial production 1873

This is one of the world’s oldest oil-
producing areas, large-scale commercial pro-
duction having started in the 1870s. During
World War II the republic was the USSR’s major
source of crude, but then decreased in import-
ance as the emphasis moved to Siberia. Azer-
baijan’s proved recoverable reserves (as
reported by Oil & Gas Journal) have been
substantially increased since the 2001 Survey of
Energy Resources, and are now put at 7 billion
barrels.

The development of Azerbaijan’s offshore oil
resources in the Caspian Sea, currently under
way, is re-establishing the republic as a major oil
producer and exporter. With new Caspian fields
coming into production, oil output has risen year
by year since 1998. The bulk of Azerbaijan’s
production is obtained offshore.
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Brazil

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 1 348
Production (crude oil and NGLs, million

tonnes, 2002) 74.4
R/P ratio (years) 17.9
Year of first commercial production 1940

Brazil’s proved reserves feature significantly
within the Western Hemisphere—not in the
same league as the three largest producers (USA,
Venezuela and Mexico), but well exceeding
those of Canada and greater than those of
Argentina, Colombia and Ecuador combined.
Most of the reserves located up until the mid-
1970s were in the north-east and central regions,
remote from the main centres of oil demand in
the south and south-east. Discoveries in offshore
areas, in particular the Campos Basin, trans-
formed the reserves picture.

The level of proved recoverable reserves of
oil (1 560 million m?) reported by the Brazilian
WEC Member Committee is 16.6% higher than
that advised for the 2001 Survey. Among
published assessments of proved reserves,
World Oil quotes essentially the same figure as
that reported, whilst Oil & Gas Journal gives a
level some 15% lower. Of the reserves reported
by the Member Committee, 90.6% is located
offshore.

Oil production has followed a strongly
upward trend for more than 10 years; over
90% of Brazil’s output is processed in domestic
refineries.

Brunei

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 184
Production (crude oil and NGLs, million

tonnes, 2002) 10.2
R/P ratio (years) 17.6
Year of first commercial production 1929
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Although the earliest discoveries (Seria and
Rasau fields) were made on land, virtually all
subsequent oil fields have been found in offshore
waters. Proved reserves have remained at 1 350
million barrels, according to Oil & Gas Journal,
since 1990, although World Oil quotes a some-
what lower figure (1 100 million barrels), which
allows for some degree of attrition from
production in recent years. There were eight
offshore fields in production in 2002, together
with three onshore fields: total output (including
15 000 b/d of natural gasoline) was 210 000 b/d,
somewhat higher than in recent years. More than
90% of Brunei’s oil output is exported, mostly to
Japan, Thailand, South Korea and Singapore.

Canada

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 802
Production (crude oil and NGLs, million

tonnes, 2002) 95.2
R/P ratio (years) 7.7
Year of first commercial production 1862

There is a very substantial oil resource base,
albeit not on the scale of the USA and Mexico.
The levels of proved recoverable reserves
adopted for the present Survey correspond with
the ‘Remaining Reserves as at 2002-12-31°
reported by the Reserves Committee of the
Canadian Association of Petroleum Producers
(CAPP) in the 2002 CAPP Statistical Handbook
(November 2003). Reserves are quoted (after
rounding to millions of cubic metres) as 714
conventional crude oil, 82 pentanes plus and 165
ethane/propane/butane. Two provinces (Alberta
(42.7%) and Saskatchewan (25.8%)) account for
more than two-thirds of Canada’s conventional
crude oil reserves; offshore reserves (Mackenzie
Delta/Beaufort Sea and East Coast Offshore)
comprise 26.4% of the total. More than three-
quarters of the reserves of pentanes plus, and
well over 90% of those of LPG’s, are located in
Alberta.
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Based on assessments made in 1999 and
regarded as still valid, the Canadian WEC
Member Committee reports further huge quan-
tities of crude oil (26.4 billion m®) and NGLs
(1.9 bcm) as additional amounts in place, of
which approximately 7.9 bcm of crude and
1.3 bcm of NGLs are considered to be poten-
tially recoverable.

After many years as a comparatively minor
producer, Canada’s oil output became of real
significance only after major discoveries such as
the Leduc field in 1947. Output advanced rapidly
from around 1950, crude oil production passing
the million b/d mark in 1968. In 2002 output of
crude was 1.46 million b/d and that of NGLs
(including pentanes) 678 000 b/d.

Canada is the world leader in the production
of oil from deposits of oil sands—see the chapter
on natural bitumen.

Chad

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 133
Production (crude oil and NGLs, million
tonnes, 2002) -
R/P ratio (years) -
Year of first commercial production 2003

The West African republic of Chad has
recently joined the ranks of the world’s crude oil
producers. Oil production began in July 2003,
after the construction of a 1 070km export
pipeline from the oil fields in the Doba Basin of
southern Chad through Cameroon to a new
terminal at Kribi. The development of the Doba
Basin fields (Bolobo, Komé and Miandoum) and
the pipeline is handled by a consortium con-
sisting of ExxonMobil (40%), Petronas, the
Malaysian state oil company (35%), and
ChevronTexaco (25%).

Recoverable reserves have been stated by
Esso Exploration & Production Chad, Inc. to be
‘slightly more than 900 million barrels’, mostly
of relatively heavy crude (17-24° API)
with a sulphur content of less than 0.1%.



For the purpose of the present Survey, a
(possibly conservative) level of 900 million
barrels has been adopted for proved reserves.

Initial output was from the Miandoum field,
at around 50 000 b/d, with Komé planned to
come on-stream during 2004, when production
would reach a plateau rate of 225 000 b/d. The
oil offered for export is called Doba Blend.
Initial supplies were typically of 24.8° API and
0.14% sulphur; from March 2004, when Komé is
due to start production, the blend’s character-
istics are expected to move to a lower gravity
(20.8° API) and a somewhat higher sulphur
content (0.17%).

China

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 3 300
Production (crude oil and NGLs, million

tonnes, 2002) 168.9
R/P ratio (years) 19.5
Year of first commercial production 1939

The first significant oil find was the Lachun-
mia field in the north-central province of Gansu,
which was discovered in 1939. An extensive
exploration programme, aimed at self-suffi-
ciency in oil, was launched in the 1950s; two
major field complexes were discovered: Daqing
(1959) in the north-eastern province of Heilong-
jiang and Shengli (1961) near the Bo Hai gulf.

Chinese expert opinion provided in a private
communication for the present Survey puts
proved recoverable oil reserves at 3 300 million
tonnes at the end of 2002. This assessment
(equivalent to just over 24 billion barrels) is
close to the level currently quoted by World Oil,
but well in excess of that given by Oil & Gas
Journal (18.25 billion barrels), a figure echoed
by OAPEC and OPEC. Around 54% (1 790
million tonnes) of the reported proved reserves is
located in China’s offshore waters. The reported
reserves are set in the context of a proved
amount in place of 22 billion tonnes, with
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an additional (non-proved) amount in place
assessed as 88 billion tonnes.

China’s oil reserves are by far the largest of
any country in Asia: oil output is on a
commensurate scale, with the 2002 level
accounting for about 40% of the regional
tonnage. China exported 7.2 million tonnes of
its crude oil in 2002.

Colombia

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 253
Production (crude oil and NGLs, million

tonnes, 2002) 29.7
R/P ratio (years) 8.4
Year of first commercial production 1921

Initially, oil discoveries were made princi-
pally in the valley of the Magdalena. Sub-
sequently, other fields were discovered in the
north of the country (from the early 1930s), and
in 1959 oil was found in the Putamayo area in
southern Colombia, near the border with Ecua-
dor. More recently, major discoveries have
included the Cafio Limén field near the Vene-
zuelan frontier and the Cusiana and Cupiagua
fields in the Llanos Basin to the east of the
Andes. However, the remaining proved reserves
have been shrinking since 1992, and are now at a
very low level in relation to production (R/P
ratio of only 8.4), on the basis of data published
by the state oil company, Ecopetrol.

Colombia’s oil production grew strongly
between 1994 and 1999, increasing by about
80% over the period: 2000, however, displayed a
sharp contraction, and output has continued to
fall year by year.

Congo (Brazzaville)

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 213
Production (crude oil and NGLs, million
tonnes, 2002) 13.3
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R/P ratio (years) 16.0
Year of first commercial production 1957

Oil & Gas Journal has reported a constant
level of proved oil reserves for 8 years, which is
reflected in the tonnage shown above. World Oil
quotes a very similar figure for end-2002
reserves (1 515 million barrels versus Oil &
Gas Journal’s 1 506).

After becoming a significant oil producer in
the mid-1970s, the country is now the fourth
largest in sub-Saharan Africa. Most of the fields
in current production were discovered by Elf or
Agip between 1969 and 1983, in shallow coastal
waters. The average quality of oil output has
improved over the years, aided by the coming
on-stream of Elf’s deep water Nkossa field. The
bulk of oil production is exported.

Denmark

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 170
Production (crude oil and NGLs, million

tonnes, 2002) 18.1
R/P ratio (years) 9.5
Year of first commercial production 1972

The Danish Energy Authority does not use
the terms ‘proved’ and ‘additional’ reserves, but
uses the categories ‘ongoing’, ‘approved’,
‘planned’ and ‘possible’ recovery. The figure
for proved reserves (as reported by the Danish
WEC Member Committee) has been calculated
as the sum of ongoing and approved reserves,
while the figure for additional reserves has been
calculated as the sum of planned and possible
reserves. All the oil fields discovered so far are
located in the North Sea.

Denmark’s proved recoverable reserves are
the fourth largest in Europe (excluding the
Russian Federation). Within a proved amount in
place of 2 011 million m® (approximately 12.65
billion barrels), 203 million m’ (1 277 million
barrels) is reported to be recoverable. Beyond
these quantities are an estimated additional
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amount in place of 224 million m® (over 1.4
billion barrels), of which 87 million m> (547
million barrels) is deemed to be recoverable in the
future.

The principal fields in production in 2002
were Dan, Halfdan, Gorm, South Arne and Siri,
which together accounted for 78% of national oil
output. About 75% of Danish crude is exported,
chiefly to other countries in Western Europe.

Ecuador

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 650
Production (crude oil and NGLs, million

tonnes, 2002) 20.4
R/P ratio (years) 31.6
Year of first commercial production 1917

The early discoveries of oil (1913-1921)
were made in the Santa Elena peninsula on the
south-west coast. From 1967 onwards, numerous
oil fields were discovered in the Amazon Basin
to the north-east of the country, adjacent to the
Putamayo fields in Colombia: these eastern
(Oriente) fields are now the major source of
Ecuador’s oil production.

The level of proved reserves (as reported by
Oil & Gas Journal) was raised by over 25% in
1993 and again (marginally) in 1995. The level
published for end-2002 reflected a further major
upgrade, with Ecuador’s reserves leaping from
2 115 to 4 630 million barrels; World Oil quote
an end-2002 figure very close to Oil & Gas
Journal’s. About 60% of oil production is
exported, the rest being refined locally.

Egypt (Arab Republic)

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 492
Production (crude oil and NGLs, million

tonnes, 2002) 37.0
R/P ratio (years) 13.5
Year of first commercial production 1911



Egypt has the fifth largest proved oil reserves
in Africa, with over half located in its offshore
waters. According to the Egyptian WEC Mem-
ber Committee, Egypt’s crude oil reserves were
2.9 billion barrels (409 million tonnes) at the end
of 2002, together with 0.8 billion barrels (83
million tonnes) of NGLs (condensates and LPG).
The main producing regions are in or alongside
the Gulf of Suez and in the Western Desert. In
2000 some 64% of crude oil production came
from fields in the Gulf of Suez region, 20% from
the Western Desert, 9% from Sinai and 7% from
the Eastern Desert.

Egypt is a member of OAPEC: crude oil
exports account for about 20% of its production.
Total oil output (including condensate and gas-
plant LPGs) has been gradually declining in
recent years. In 2002 crude oil production was
32.3 million tonnes (628 000 b/d), condensate
production was 3.5 million tonnes (87 000 b/d),
and LPGs from gas-processing plants amounted
to just over 1.1 million tonnes (36 000 b/d).

Equatorial Guinea

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 149
Production (crude oil and NGLs, million

tonnes, 2002) 11.7
R/P ratio (years) 12.7
Year of first commercial production 1992

The Alba offshore condensate field was
discovered in 1984 near the island of Bioko, a
province of Equatorial Guinea, by the American
company Walter International. In 1996, 4 years
after Alba was brought into production, Mobil
and its US partner United Meridian began
producing from Zafiro, another offshore field.
Output built up rapidly in subsequent years:
crude oil production in Equatorial Guinea
averaged nearly 240 000 b/d in 2002.

For the purposes of the present Survey, the
level of proved reserves published by World Oil
(1 095 million barrels) has been adopted; Oil &
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Gas Journal continues to quote a figure of 12
million barrels, unchanged since 1994.

Gabon

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 342
Production (crude oil and NGLs, million
tonnes, 2002) 14.7
R/P ratio (years) 23.2
Year of first commercial production 1961

Extensive oil resources have been located,
both on land and offshore. In terms of proved
recoverable reserves, Gabon ranks third largest
in sub-Saharan Africa. The published volume of
proved reserves (as reported in Oil & Gas
Journal) was raised from 1 340 to 2 499 million
barrels in 1997, at which level it has remained.

Gabon was a member of OPEC from 1975 to
1995, when it withdrew on the grounds that it
was unfair for it to be charged the same
membership fee as the larger producers but not
to have equivalent voting rights.

In recent years over 95% of Gabon’s oil
output has been exported, mainly to the USA.

India

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 740
Production (crude oil and NGLs, million

tonnes, 2002) 36.7
R/P ratio (years) 19.3
Year of first commercial production 1890

The amount of proved recoverable reserves
reported for this Survey is 740 million tonnes, of
which 406 million tonnes is located offshore.

For more than 60 years after its discovery in
1890, the Digboi oil field in Assam, in the north-
east of the country, provided India with its only
commercial oil production: this field was still
producing in 2002, albeit at less than 300 b/d.
Since 1960 numerous onshore discoveries have
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been made in the western, eastern and southern
parts of India; the outstanding find was,
however, made in offshore waters in 1974,
when the Bombay High oil and gas field was
discovered. In 2001 this one field provided
almost 35% of national oil output.

Total production of oil (including gas-plant
liquids) has fluctuated in recent years within a
range of 36—37 million tonnes per annum. In
2002, India produced (in million tonnes) 32.9 of
crude oil, 1.7 of natural gasoline and an
estimated 2.1 of gas-plant LPG, all of which
was used internally.

Indonesia

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 705
Production (crude oil and NGLs, million

tonnes, 2002) 62.4
R/P ratio (years) 10.9
Year of first commercial production 1893

The first commercial discovery of oil was
made in north Sumatra in 1885; subsequent
exploration led to the finding of many more
fields, especially in southern Sumatra, Java and
Kalimantan.

The Indonesian WEC Member Committee
has reported that proved recoverable oil reserves
were 5.1 billion barrels at the end of 2002, within
a proved amount in place of 9.7 billion barrels.
The reported level of reserves is situated towards
the middle of a band of published figures,
ranging (in millions of barrels) from OPEC’s
4722 and Oil & Gas Journal’s 5 000 to
OAPEC’s 5 120 and World Oil’s 5 945.

In 2001 Indonesia exported about 49% of its
output of crude oil and condensate, as well as a
large part of its production of gas-plant LPGs.
The bulk of its oil exports are consigned to
Japan, the Republic of Korea, Australia and
China. It has been a member of OPEC since
1962.
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Iran (Islamic Republic)

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 12 649
Production (crude oil and NGL.s,

million tonnes, 2002) 166.8
R/P ratio (years) 80.6
Year of first commercial production 1913

The first commercial crude oil discovered in
Iran was at Masjid-i-Sulaiman in 1908. Further
exploration in the next two decades resulted in
the discovery of a number of major oil fields,
including Agha Jari and Gach Saran. Fields such
as these confirmed Iran in its role as a global
player in the oil industry. After many years as a
major oil producer, the country’s oil resources
are still enormous: proved reserves, as reported
for the present Survey by the Iranian WEC
Member Committee, comprise 77.66 billion
barrels of crude oil plus 21.40 billion barrels of
NGLs. In total, the reported reserves are almost
identical to those quoted by OAPEC and OPEC
(99.08 billion barrels) and World Oil (100.06
billion barrels); Oil & Gas Journal has a lower
figure (89.7 billion barrels). Approximately 17%
of the proved reserves of crude and 74% of the
NGLs is located offshore.

Iran was a founder member of OPEC in 1960.
In 2002, 64% of Iran’s crude oil output of 3.25
million b/d was exported, mostly to Europe and
Asia.

Iraq

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 15 520
Production (crude oil and NGLs,

million tonnes, 2002) 99.7
R/P ratio (years) > 100
Year of first commercial production 1927

Crude oil deposits were discovered near
Kirkuk in northern Iraq in 1927, with large-
scale production getting under way in 1934—
1935 following the construction of export



pipelines to the Mediterranean. After World War
IT more oil fields were discovered and further
export lines built. Proved reserves, as quoted by
OAPEC, OPEC and World Oil, now stand at 115
billion barrels, second only to Saudi Arabia in
the whole of the Middle East, and indeed in the
world.

Iraq was a founder member of OPEC in 1960
and it is also a member of OAPEC. According to
provisional data published by OPEC, crude oil
exports amounted to almost 1.5 million b/d in
2002, with 59% destined for the USA and 28%
for Western Europe.

Italy

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 89
Production (crude oil and NGLs,

million tonnes, 2002) 5.5
R/P ratio (years) 16.2
Year of first commercial production 1861

Like France and Germany, Italy has a long
history of oil production, albeit on a very small
scale until the discovery of the Ragusa and Gela
fields in Sicily in the mid-1950s. Subsequent
exploration led to the discovery of a number of
fields offshore Sicily, several in Adriatic waters
and others onshore in the Po Valley Basin. In the
absence of reported reserves data from WEC
sources, the level of proved recoverable reserves
quoted by Oil & Gas Journal has been adopted
for the present Survey. Total oil output (includ-
ing minor quantities of NGLs) recovered some-
what in 2002, after falling for several years.

Kazakhstan

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 1233
Production (crude oil and NGLs, million

tonnes, 2002) 47.2
R/P ratio (years) 24.9
Year of first commercial production 1911
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Kazakhstan’s oil resources are the largest of
all the former Soviet republics (apart from the
Russian Federation): Oil & Gas Journal puts
end-2002 proved reserves (as adopted above) at
9 billion barrels, a 66% leap from the level
reported by OGJ at end-2001. Most of the
republic’s oil fields are in the north and west of
the country. Output of oil more than doubled
between 1996 and 2002 to just over 47 million
tonnes (989 000 b/d), including 5.2 million
tonnes (148 000 b/d) of NGLs. In 2001, exports
accounted for 80% of the republic’s oil
production.

Kuwait

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 13 292
Production (crude oil and NGL.s,

million tonnes, 2002) 91.9
R/P ratio (years) > 100
Year of first commercial production 1946

Note: Kuwait data include its share of Neutral Zone.

The State of Kuwait is one of the most oil-
rich countries in the world: it currently ranks
fifth in terms of the volume of proved reserves.
Oil was discovered at Burgan in 1938 and
commercial production commenced after World
War II. Seven other oil fields were discovered
during the next 15 years and output rose rapidly.
Kuwait was one of the founder members of
OPEC in 1960 and is also a member of OAPEC.

The level of proved recoverable reserves
adopted for the present Survey is 96.5 billion
barrels (as quoted by OAPEC, 0Oil & Gas
Journal and OPEC)—a figure unchanged since
1991. World Oil gives a slightly higher figure:
98.85 billion barrels.

Kuwait’s crude production in 2002 averaged
1.75 million b/d, of which 1.14 million b/d,
or 65%, was exported. The main markets for
Kuwaiti crude were Japan, other Asian countries,
North America and Western Europe.
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Libya/GSPLAJ

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 4 688
Production (crude oil and NGL.s,

million tonnes, 2002) 64.6
R/P ratio (years) 71.7
Year of first commercial production 1961

With proved oil reserves of 36 billion barrels,
Libya accounts for 36% of the total for Africa.
The majority of the known oil reservoirs lie in
the northern part of the country; there are a few
offshore fields in western waters near the
Tunisian border. The crudes produced are
generally light (over 35° API) and very low in
sulphur.

The level of proved reserves adopted for the
present Survey is based upon data published by
OPEC in its Annual Statistical Bulletin 2002,
and is in line with the level quoted by OAPEC in
its Annual Report 2002. Oil & Gas Journal and
World Oil give somewhat lower figures (29 500
and 30 000, respectively).

Libya joined OPEC in 1962 and is also a
member of OAPEC. It exported about 70% of its
crude oil output in 2002, almost all to Western
Europe.

Malaysia

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 393
Production (crude oil and NGL.s,

million tonnes, 2002) 36.9
R/P ratio (years) 9.9
Year of first commercial production 1913

Oil was discovered at Miri in northern
Sarawak in 1910, thus ushering in Malaysia’s
long history as an oil producer. However, it was
not until after successful exploration in offshore
areas of Sarawak, Sabah and peninsular Malay-
sia in the 1960s and 1970s that the republic
really emerged as a major producer.
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Proved reserves, as reported by Oil & Gas
Journal, remained in the vicinity of 4 billion
barrels from the early 1990s to end-2001, when
they were reduced to 3 billion barrels, a level
retained for end-2002. After following a rising
trend for many years, oil production has levelled
off since 1998, in line with the Government’s
National Depletion Policy. In 2001, over 50% of
Malaysian crude oil production was exported,
chiefly to Thailand, the Republic of Korea,
Indonesia, Japan and India.

Mexico

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 2 337
Production (crude oil and NGLs,

million tonnes, 2002) 178.4
R/P ratio (years) 13.1
Year of first commercial production 1901

Mexico’s massive oil resource base has given
rise to one of the world’s largest oil industries,
centred on the state enterprise Petréleos Mexi-
canos (Pemex), founded in 1938.

In 2002, Mexico’s proven reserves were
radically reduced in order to conform to the
definitions laid down by the Securities and
Exchange Commission of the USA. The Mex-
ican WEC Member Committee has reported
proved recoverable reserves (on the new basis)
of 15 123 million barrels of crude oil and 2 072
million barrels of NGLs, which correspond
with the proved reserves given by Pemex in its
Informe Estadistico de Labores 2002. Pemex
quotes its proved reserves (in millions of
barrels) as: crude oil 15 123.6, condensate
550.5 and gas-plant liquids 1 521.9. In addition
to these Proved oil reserves (totalling 17 196
million barrels), Probable reserves are given
as 13 723 million barrels and Possible reserves
as 9 731 million barrels: a total of 40.65 billion
barrels.

Commercial oil production began in 1901
and by 1918 the republic was the second largest
producer in the world. The discovery and



development of oil fields along the eastern side
of the country—in particular, offshore fields in
the Gulf of Campeche—have brought annual
production up to its present level. In 2002 oil
output comprised 3 177 tb/d crude oil, 80 tb/d
condensate and 328 tb/d gas-plant liquids;
exports of crude totalled 1 664 tb/d, of which
some 78% was consigned to the USA.

Nigeria

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 4 252
Production (crude oil and NGLs, million

tonnes, 2002) 98.6
R/P ratio (years) 42.9
Year of first commercial production 1957

Nigeria’s proved oil reserves are the second
largest in Africa, after those of Libya. The
country’s oil fields are located in the south,
mainly in the Niger delta and offshore in the Gulf
of Guinea. Nigeria has been a member of OPEC
since 1971.

Published assessments of Nigeria’s proved
recoverable reserves (as at end-2002) are closer
to consensus than those for earlier years. For the
purposes of the present Survey, the level of
31 506 million barrels reported by OPEC
(Annual Statistical Bulletin 2002) has been
adopted (OAPEC and World Oil quote very
similar figures). Oil & Gas Journal provides the
exception, by retaining a significantly lower
level—24 000 million barrels. The latest OPEC
level for Nigerian reserves represents a sub-
stantial advance on previous assessments from
this source.

Nigeria exported about 90% of its crude oil
output in 2001, to a wide spread of regions
throughout the world.

Norway

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 1 300
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Production (crude oil and NGLs, million

tonnes, 2002) 157.3
R/P ratio (years) 8.6
Year of first commercial production 1971

Starting with the discovery of the Ekofisk oil
field in 1970, successful exploration in Norway’s
North Sea waters has brought the country into
No. 1 position in Europe (excluding the Russian
Federation), in terms of oil in place, proved
reserves and production. On the basis of data
published by the Norwegian Petroleum Directo-
rate, total oil reserves at end-2002 amounted to
1 306 million m® (approximately 1 098 million
tonnes) of crude oil, 118 million tonnes of NGLs
and 130 million m® (about 84 million tonnes) of
condensate. In addition to the quoted proved
amount, there is estimated to be a further 1 420
million m> (1 194 million tonnes) of crude oil in
place: the proportion of these ‘undiscovered
resources’ that might be ultimately recoverable
is not specified.

Norway’s recoverable reserves are over
twice those of the UK; its oil output in 2002
was, however, only about 35% higher than that
of the UK. Norwegian oil production levelled off
after 1997, following 16 years of unremitting
growth. The groups of fields with the largest
output of crude oil in 2002 were Troll, Ekofisk,
Snorre, Oseberg, Draugen, Norne and Heidrun.
Over 90% of Norwegian oil production was
exported in 2002, mostly to Western European
countries, the USA and Canada.

Oman

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 794
Production (crude oil and NGLs, million

tonnes, 2002) 44.6
R/P ratio (years) 17.8
Year of first commercial production 1967

In a regional context, this is one of the less
well-endowed Middle East countries but its
proved reserves are, nevertheless, quite substan-
tial (5.85 billion barrels at end-2002, according
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to OAPEC and OPEC). Three oil fields were
discovered in the north-west central part of
Oman in the early 1960s; commercial pro-
duction began after the construction of an export
pipeline. Many other fields have subsequently
been located and brought into production,
making the country a significant oil producer
and exporter; it has, however, never joined
OPEC or OAPEC. Production levels have
steadily increased over the years and averaged
902 000 b/d in 2002: a high proportion of crude
oil output is exported, mainly to Japan, South-
east Asia and China.

Papua New Guinea

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 31
Production (crude oil and NGLs, million

tonnes, 2002) 2.1
R/P ratio (years) 14.3
Year of first commercial production 1992

Five sedimentary basins are known to exist in
PNG. Most exploration activity, and all hydro-
carbon discoveries to date, have been made in
the Papuan Basin in the southern part of the
mainland. After many campaigns of exploration
(starting in 1911), the first commercial discov-
eries were eventually made during the second
half of the 1980s. Commercial production began
in 1992 after an export pipeline had been built.
The oil exported is a blend called Kutubu Light
(45° API). Output in 2002 averaged 46 000 b/d.

Peru

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 44
Production (crude oil and NGLs, million

tonnes, 2002) 4.8
R/P ratio (years) 9.0
Year of first commercial production 1883
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Peru is probably the oldest commercial
producer of oil in South America, but its
remaining recoverable reserves are compara-
tively slender, at less than 45 million tonnes
(based on Oil & Gas Journal’s figure of 323
million barrels). However, it is of note that
World Oil, which habitually quotes substantially
higher figures for Peru’s oil reserves than does
Oil & Gas Journal, gives 963 million barrels
(equivalent to about 130 million tonnes) at end-
2002.

For many years oil production was centred on
the fields in the Costa (coastal) area in the north-
west; from about 1960 onwards the Zocalo
(continental shelf) off the north-west coast and
the Oriente area east of the Andes came into the
picture. In 2001 the Oriente fields accounted for
67% of total oil output, the Costa fields for 19%
and the Zocalo for nearly 14%. Production
overall has followed a gently downward slope in
recent years.

Qatar

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 1 996
Production (crude oil and NGLs, million
tonnes, 2002) 34.6
R/P ratio (years) 55.2
Year of first commercial production 1949

In regional terms, oil resources are relatively
small, Qatar’s strength being much more in
natural gas. In the 1930s interest in its prospects
was aroused by the discovery of oil in neigh-
bouring Bahrain. The Dukhan field was dis-
covered in 1939 but commercialisation was
deferred until after World War II. During the
period 1960—1970, several offshore fields were
found, and Qatar’s oil output grew steadily. It
joined OPEC in 1961 and also became a member
of OAPEC.

The level of proved recoverable oil reserves
(15 207 million barrels) adopted for the present
Survey is that quoted by OPEC in its Annual
Statistical Bulletin 2002, and is one that repre-
sents a more than three-fold increase over



the end-1999 level quoted in the 2001 Survey.
Currently OAPEC (in slightly rounded form)
and Oil & Gas Journal both concur with OPEC’s
assessment, but World Oil differs considerably at
19 559 million barrels.

Qatar is a major producer of NGLs: its output
was around 90 000 b/d in 2002, almost all of
which was exported, very largely to Japan, the
Republic of Korea and other Asia/Pacific
countries. Crude oil exports follow a similar
pattern of destinations.

Romania

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 100
Production (crude oil and NGLs, million

tonnes, 2002) 5.8
R/P ratio (years) 17.2
Year of first commercial production 1857

Besides being one of Europe’s oldest oil
producers, Romania still possesses substantial
reserves of recoverable oil. Within a proved
amount of crude oil in place of 1 925 million
tonnes, plus a corresponding figure of 14 million
tonnes for NGLs, recoverable reserves are
reported as 99 million tonnes of crude plus 1
million tonnes of NGLs. The estimated
additional amounts in place (in millions of
tonnes) are given as approximately 204 and 4,
respectively, with recoverable amounts of 34
and 1.

The principal region of production has long
been the Ploesti area in the Carpathian Basin to
the north-west of Bucharest, but a new oil
province has come on the scene in recent years
with the start-up of production from two
offshore fields (West and East Lebada) in the
Black Sea. Within the figures of proved
recoverable reserves given above, the amounts
located in offshore waters are 2.6 million
tonnes of crude oil and 0.1 million tonnes of
NGLs. In national terms, oil output (including
NGLs) has been slowly contracting since
around 1995.
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Russian Federation

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 8 219
Production (crude oil and NGLs, million

tonnes, 2002) 379.6
R/P ratio (years) 21.4

The Russian oil industry has been develop-
ing for well over a century, much of that time
under the Soviet centrally planned and state-
owned system, in which the achievement of
physical production targets was of prime
importance. After World War II, hydrocarbons’
exploration and production development shifted
from European Russia to the east, with the
opening-up of the Volga-Urals and West
Siberia regions.

The level of proved recoverable reserves
adopted for the present Survey is based on the
figure of 60 000 million barrels quoted by Oil &
Gas Journal, and is 23.5% higher than the end-
1999 level quoted in the 2001 Survey, based on
the same source. World Oil gives a figure that is
similar to Oil & Gas Journal’s, but less rounded:
58 765 million barrels.

Production levels in Russia advanced
strongly from the mid-1950s to around 1980
when output levelled off for a decade. After a
sharp decline in the first half of the 1990s, oil
production levelled off again, at around 305
million tonnes/yr, until an upturn in 2000—-2002
brought the total up to nearly 380 million tonnes
in 2002. In that year, Russia exported nearly
50% of its oil production.

Saudi Arabia

Proved recoverable reserves
(crude oil and NGLs, million tonnes)
Production (crude oil and NGLs, million

36 098

tonnes, 2002) 418.1
R/P ratio (years) 82.9
Year of first commercial production 1936

Note: Saudi Arabia data include its share of Neutral Zone.
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The Kingdom has been a leading oil
producer for more than 40 years and currently
has by far the world’s largest proven reserves of
oil: at end-2002 these represented about 24% of
the global total. The first major commercial
discovery of oil in Saudi Arabia was the
Dammam field, located by Aramco in 1938; in
subsequent years the company discovered many
giant fields, including Ghawar (1948), generally
regarded as the world’s largest oil field, and
Safaniyah (1951), the world’s largest offshore
field.

Whilst not displaying an exact consensus,
current published assessments of Saudi Arabia’s
proved oil reserves fall within a narrow bracket:
namely (in billions of barrels), World Oil 261.75,
Oil & Gas Journal 261.8, OPEC (as used in this
Survey) 262.79, OAPEC 262.80.

Saudi Arabia was a founder member of
OPEC and also of OAPEC. It exports about
three-quarters of its crude oil output; major
destination regions are Asia, North America and
Western Europe.

Sudan

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 76
Production (crude oil and NGLs, million
tonnes, 2002) 11.5
R/P ratio (years) 6.6
Year of first commercial production 1992

Several oil fields, including Heglig and
Unity, were discovered in south-central Sudan
in the early 1980s but terrorist action forced the
companies concerned to withdraw. Other foreign
companies started to undertake exploration and
development activities some 10 years later.
According to Oil & Gas Journal, Sudan’s
proved recoverable reserves have risen from
262 million barrels (35 million tonnes) at end-
1999 to 563 million barrels (76 million tonnes)
at end-2002. Other published sources tend to
quote higher figures—in million barrels, World
Oil gives 700 and OAPEC 810.
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Commercial production from the Heglig
field began in 1996, since when Sudan has
developed into an oil producer and exporter of
some significance, a key factor being the
construction of a 250 000 b/d export pipeline
to the Red Sea. By the end of 2002, Sudan’s oil
production was approaching the capacity of the
pipeline, having averaged about 230 000 b/d
over the year.

Syria (Arab Republic)

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 430
Production (crude oil and NGLs, million

tonnes, 2002) 28.6
R/P ratio (years) 15.0
Year of first commercial production 1968

After many years (1930—1951) of unsuccess-
ful exploration, oil was eventually found in 1956
at Karachuk. This and other early discoveries
mostly consisted of heavy, high-sulphur crudes.
Subsequent finds, in particular in the Deir al-Zor
area in the valley of the Euphrates, have tended
to be of much lighter oil.

Proved recoverable reserves are taken as 3.15
billion barrels, the level quoted by OAPEC:
other published sources quote lower levels—Oil
& Gas Journal and OPEC 2.5 billion barrels,
World Oil 2.28.

National oil output has plateaued at just
under 600 000 b/d in recent years, with nearly
60% being exported. Syria’s principal customers
for its crude oil are Italy, France and Spain: it is a
member of OAPEC.

Thailand

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 79
Production (crude oil and NGLs,

million tonnes, 2002) 7.9



R/P ratio (years) 9.6
Year of first commercial production 1959

Resources of crude oil and condensate are not
very large in comparison with other countries in
the region. The data reported by the Thai WEC
Member Committee for the present Survey show
proved reserves of oil as 364 million barrels of
crude oil and 328 million barrels of NGLs. Just
over three-quarters of the crude reserves and
100% of the NGL reserves are located in
Thailand’s offshore waters. The estimated
additional reserves recoverable are reported as
97 million barrels of crude and 258 million
barrels of NGLs.

Total output of oil (crude oil, condensate and
other NGLs) has doubled since 1996. Exports of
crude oil have risen sharply in recent years,
averaging nearly 49 000 b/d in 2002.

Trinidad & Tobago

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 102
Production (crude oil and NGLs, million

tonnes, 2002) 7.6
R/P ratio (years) 12.7
Year of first commercial production 1908

The petroleum industry of Trinidad is
approaching its centenary, several oil fields
that are still in production having been dis-
covered in the first decade of the 20th century.
The remaining recoverable reserves are small in
regional terms, at just over 700 million barrels,
according to Oil & Gas Journal, World Oil,
however, quotes a somewhat higher figure (990
million barrels). The oil fields that have been
discovered are all virtually in the southern part
of the island or in the corresponding offshore
areas (in the Gulf of Paria to the west and off
Galeota Point at the south-east tip of the island).

After several years in decline, output of crude
oil recovered in 2002 to 118 000 b/d; condensate
output was little changed at 13 000 b/d. Pro-
duction of gas-plant NGLs began in 1991 and
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averaged about 24 000 b/d in 2002. Over 40% of
Trinidad’s crude output is exported.

Turkmenistan

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 75
Production (crude oil and NGLs, million

tonnes, 2002) 9.0
R/P ratio (years) 8.2
Year of first commercial production 1911

This republic has been an oil producer for
over 90 years, with a cumulative output of more
that 5 billion barrels. According to Oil & Gas
Journal, proved reserves are 546 million barrels.
Known hydrocarbon resources are located in two
main areas: the South Caspian Basin to the west
and the Amu-Daria Basin in the eastern half of
the country. After a period of decline, oil output
(including NGLs) has grown quite strongly since
1995.

United Arab Emirates

Proved recoverable reserves
(crude oil and NGLs, million tonnes)
Production (crude oil and NGLs, million

13 023

tonnes, 2002) 105.6
R/P ratio (years) > 100
Year of first commercial production 1962

The United Arab Emirates comprises Abu
Dhabi, Dubai, Sharjah, Ras al-Khaimah, Umm
al-Qaiwain, Ajman and Fujairah. Exploration
work in the three last-named has not found any
evidence of oil deposits on a commercial scale.
On the other hand, the four emirates endowed
with oil resources have, in aggregate, proved
reserves on a massive scale, in the same bracket
as those of Iran, Iraq and Kuwait. Abu Dhabi has
by far the largest share of UAE reserves and
production, followed at some distance by Dubai.
The other two oil-producing emirates are
relatively minor operators.
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At end-2002, the UAE’s proved oil reserves
were quoted by OAPEC as 97.8 billion barrels,
a level virtually unchanged since 1990.
According to OPEC, quoting the same total
figure, Abu Dhabi accounts for 94.3% of
proved reserves, Dubai for 4.1%, Sharjah for
1.5% and Ras al-Khaimah for 0.1%. Total
crude output (including a considerable amount
of production offshore) amounted to about 2.3
million b/d in 2002, of which some 85% was
exported, almost all to Japan and other
Asia/Pacific destinations. The UAE has been
a member of OPEC since 1967 and is also a
member of OAPEC.

United Kingdom

Proved recoverable reserves
(crude oil and NGLs, million tonnes) 591
Production (crude oil and NGL.s,

million tonnes, 2002) 1159
R/P ratio (years) 5.1
Year of first commercial production 1919

Proved recoverable reserves are indicated by
the UK Department of Trade and Industry in the
Digest of United Kingdom Energy Statistics
2003 as 591 million tonnes at end-2002. This
figure represents the difference between the
proven amount of ‘initial recoverable oil
reserves in present discoveries’ (3 390 million
tonnes) and cumulative production to end-2002
(2 799 million tonnes).

In addition, there are estimated to be 325
million tonnes of ‘probable’ reserves, with ‘a
better than 50% chance of being technically and
economically producible’, and a further 425
million tonnes of ‘possible’ reserves, with ‘a
significant but less than 50% chance of being
technically and economically producible’.

‘Reserves in potential future discoveries’ are
quoted in the 2003 DUKES as ranging from 270
to 1770 million tonnes, whilst ‘potential
additional reserves’ (which exist in discoveries
that do not meet the criteria for inclusion as
possible reserves) are assessed as ranging from
90 to 490 million tonnes.
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Total output of crude oil and NGLs
increased from about 92 million tonnes/yr in
1989-1991 to an all-time high of 137 million
tonnes in 1999, since when production has
tended to decline. The UK exported 76% of its
crude oil output in 2002; 58% of such exports
were consigned to EU countries and 32% to the
USA.

United States of America

Proved recoverable reserves
(crude oil and NGLs, million tonnes)
Production (crude oil and NGLs, million

3 801

tonnes, 2002) 346.8
R/P ratio (years) 11.0
Year of first commercial production 1859

The United States has one of the largest and
oldest oil industries in the world. Although its
remaining recoverable reserves are dwarfed by
some of the Middle East producers, it is the third
largest oil producer, after Saudi Arabia and the
Russian Federation.

Proved reserves at end-2002, as published by
the Energy Information Administration of the
US Department of Energy in December 2003,
were 22 677 million barrels of crude oil and
7 994 million barrels of NGLs. Compared with
the levels at end-1999, crude reserves are 4.2%
higher and those of NGLs up by 1.1%. The 912
million barrel net increase in crude reserves was
the result of 4 802 from extensions and dis-
coveries in old and new fields, plus revisions and
adjustments of 1 780, minus crude production of
5 670. The comparable figures for NGLs (also in
millions of barrels) are 2 574 from extensions
and discoveries, plus 209 net revisions, etc. less
2 695 production, giving a net increase of 88 in
proved reserves.

Crude oil production in 2002 was
5 746 000 b/d and that of NGLs (including
‘pentanes plus’) was 1 880 000 b/d. The USA
exported only 9 000 b/d of crude oil in 2002,
almost all to Canada.



Uzbekistan

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 81
Production (crude oil and NGLs, million
tonnes, 2002) 7.2
R/P ratio (years) 9.6

Although an oil producer for more than a
century, large-scale developments in the repub-
lic mostly date from after 1950. The current
assessment published by Oil & Gas Journal
shows proved reserves as 594 million barrels, a
level unchanged since 1996. Oil fields discov-
ered so far are located in the south-west of the
country (Amu-Daria Basin) and in the Tadzhik-
Fergana Basin in the east.

Total oil output (including NGLs) followed a
rising trend for about 10 years from 1988, since
when the trend has been moderately negative. In
2001, all of Uzbekistan’s production of crude
and condensate was processed in domestic
refineries or used directly as feedstock for
petrochemicals.

Venezuela

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 11 139
Production (crude oil and NGLs,

million tonnes, 2002) 148.9
R/P ratio (years) 73.2
Year of first commercial production 1917

The oil resource base is truly massive, and
proved recoverable reserves are easily the largest
of any country in the Western Hemisphere.
Starting in 1910, hydrocarbons exploration
established the existence of four petroliferous
basins: Maracaibo (in and around the lake),
Apure to the south of the lake, Falcon to the
north-east and Oriental in eastern Venezuela. The
republic has been a global-scale oil producer and
exporter ever since the 1920s, and was a founder
member of OPEC in 1960.
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The Venezuelan WEC Member Committee
reports that end-2002 proved reserves were
77 306 million barrels (equivalent to just over
11 billion tonnes): these figures include reserves
of extra-heavy oil (less than 8° API). The
principal published sources all quote similar
levels of reserves, with the exception of World
Oil, which gives approximately 53 billion
barrels, possibly reflecting differing definitions
or coverage.

In 2000 about 50% of national oil output
came from the Oriental Basin, 47% from the
Maracaibo, 3% from the Apure and a minimal
proportion from the Falcon Basin. Of total
crude oil output of 3 146 000b/d in 2000
(including condensate and bitumen for Orimul-
sion® (registered trade mark belonging to
Bitimenes Orinoco S.A.)), 1998 000 b/d
(63.5%) was exported, the bulk of which
being consigned to North and South America:
the United States took nearly 59% of Vene-
zuela’s crude exports.

Vietnham

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 338
Production (crude oil and NGLs, million

tonnes, 2002) 17.3
R/P ratio (years) 19.3
Year of first commercial production 1986

During the first half of the 1980s oil was
discovered offshore in three fields (Bach Ho,
Rong and Dai Hung), and further discoveries
have since been made. For the present Survey,
proved recoverable reserves (2 500 million
barrels) have been derived from World Oil, as
the alternative source (Oil & Gas Journal)
continues to quote a level of only 600 million
barrels, which would imply an unrealistically
low R/P ratio of 4.6. Production of crude oil
(averaging 34° API) began in 1986 and has risen
steadily: at present all output is exported.
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Yemen

Proved recoverable reserves

(crude oil and NGLs, million tonnes) 524
Production (crude oil and NGLs,

million tonnes, 2002) 224
R/P ratio (years) 23.2
Year of first commercial production 1986

After many years of fruitless searching,
exploration in the 1980s and 1990s brought a
degree of success, with the discovery of a
number of fields in the Marib area, many
yielding very light crudes. Oil discoveries have
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been made in two other areas of the country
(Shabwa and Masila) and Yemen has evolved
into a fairly substantial producer and exporter of
crude. The level of proved recoverable reserves,
as quoted by OAPEC and Oil & Gas Journal,
has been unchanged at 4 billion barrels for the
past 10 years. World Oil, however, reports a total
of only 2 855 million barrels, albeit an increase
of 19% over its end-2001 figure. Estimated total
output (including about 17 000 b/d of NGLs) in
2002 was nearly 475 000 b/d, of which about
three-quarters was exported, largely to Singa-
pore, Japan, the Republic of Korea and other
Asia/Pacific destinations.
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Introduction

Oil shales ranging from Cambrian to Tertiary
in age occur in many parts of the world. Deposits
range from small occurrences of little or no
economic value to those of enormous size that
occupy thousands of square miles and contain
many billions of barrels of potentially extrac-
table shale oil. Total world resources of shale oil
are conservatively estimated at 3.3 trillion
barrels (see Table 3.1). However, petroleum-
based crude oil is cheaper to produce today than
shale oil because of the additional costs of
mining and extracting the energy from oil shale.

* This paper was first published by the Energy Minerals Division
of the American Association of Petroleum Geologists, 27 February
2000. It has been edited for inclusion in this Survey.
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Because of these higher costs, only a few
deposits of oil shale are currently being exploited
in Australia, China, Brazil and Estonia. How-
ever, with the continuing decline of petroleum
supplies, accompanied by increasing costs of
petroleum-based products, oil shale presents
opportunities for supplying some of the fossil
energy needs of the world in the years ahead.

Definition of Oil Shale

Most oil shales are fine-grained sedimentary
rocks containing relatively large amounts of
organic matter from which significant amounts
of shale oil and combustible gas can be extracted
by destructive distillation. Included in most
definitions of ‘oil shale’, either stated or implied,
is the potential for the profitable extraction
of shale oil and combustible gas or for burning
as a fuel.

The organic matter in oil shale is composed
chiefly of carbon, hydrogen, oxygen, and small
amounts of sulphur and nitrogen. It forms a
complex macromolecular structure that is
insoluble in common organic solvents (e.g.
carbon disulphide). The organic matter (OM)
is mixed with varied amounts of mineral
matter (MM) consisting of fine-grained silicate
and carbonate minerals. The ratio of OM:MM
for commercial grades of oil shale is about
0.75:5-1.5:5. Small amounts of bitumen that
are soluble in organic solvents are present in
some oil shales. Because of its insolubility, the
organic matter must be retorted at tempera-
tures of about 500 °C to decompose it into
shale oil and gas. Some organic carbon
remains with the shale residue after retorting
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but can be burned to obtain additional energy.
Oil shale differs from coal whereby the
organic matter in coal has a lower atomic
H:C ratio, and the OM:MM ratio of coal is
usually greater than 4.75:5.

Origin of Oil Shale

Oil shales were deposited in a wide variety of
environments, including freshwater to saline
ponds and lakes, epicontinental marine basins
and related subtidal shelves. They were also
deposited in shallow ponds or lakes associated
with coal-forming peat in limnic and coastal
swamp depositional environments. It is not
surprising, therefore, that oil shales exhibit a
wide range in organic and mineral composition.
Most oil shales were formed under dysaerobic or
anaerobic conditions that precluded the presence
of burrowing organisms that could have fed on
the organic matter. Many oil shales show well-
laminated bedding attesting to a low-energy
environment free of strong currents and wave
action. In the oil shale deposits of the Green
River Formation in Colorado and Utah, numer-
ous beds, and even individual laminae, can be
traced laterally for many kilometres. Turbiditic
sedimentation is evidenced in some deposits
as well as contorted bedding, microfractures,
and faults.

Most oil shales contain organic matter
derived from varied types of marine and
lacustrine algae, with some debris of land
plants, depending upon the depositional environ-
ment and sediment sources. Bacterial processes
were probably important during the deposition
and early diagenesis of most oil shales.
Such processes could produce significant quan-
tities of biogenic methane, carbon dioxide,
hydrogen sulphide, and ammonia. These gases
in turn could react with dissolved ions in the
sediment waters to form authigenic carbonate
and sulphide minerals such as calcite,
dolomite, pyrite, and even such rare authigenic
minerals as buddingtonite, an ammonium
feldspar.
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Classification of Qil Shales

Oil shales, until recent years, have been an
enigmatic group of rocks. Many were named
after a locality, mineral or algal content, or type
of product the shale yielded. The following are
some names applied to oil shales, a few of which
are still in use today:

algal coal
alum shale
bituminite
boghead coal
cannel coal
gas coal
kerosene shale
kukersite
schistes bitumineux
stellarite
tasmanite
torbanite
wollongongite

A.C. Hutton (1987) developed a workable
scheme of classifying oil shales on the basis of
their depositional environments and by differ-
entiating components of the organic matter with
the aid of ultraviolet/blue fluorescent microscopy
(Fig. 3.1). His classification has proved useful in
correlating components of the organic matter
with the yields and chemistry of the oil obtained
by retorting.

Hutton divided the organic-rich sedimentary
rocks into three groups. These groups are (1)
humic coals and carbonaceous shales, (2) bitu-
men-impregnated rock (tar sands and petroleum
reservoir rocks), and (3) oil shale. On the basis of
the depositional environment, three basic groups
of oil shales were recognised: terrestrial, lacus-
trine, and marine. Terrestrial oil shales include
those composed of lipid-rich organic matter such
as resins, spores, waxy cuticles, and corky tissue
of roots and stems of vascular terrestrial plants
commonly found in coal-forming swamps and
bogs. Lacustrine oil shales are those containing
lipid-rich organic matter derived from algae that
lived in freshwater, brackish, or saline lakes.
Marine oil shales are composed of lipid-rich
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FIGURE 3.1 Classification of organic-rich rocks (from Hutton, 1987).

organic matter derived from marine algae,
acritarchs (unicellular microorganisms of ques-
tionable origin), and marine dinoflagellates (one-
celled organisms with a flagellum).

Hutton (1987) recognised three major mac-
erals in oil shale: telalginite, lamalginite, and
bituminite. Telalginite is defined as structured
organic matter composed of large colonial or
thick-walled unicellular algae such as Botryococ-
cus and Tasmanites. Lamalginite includes thin-
walled colonial or unicellular algae that occurs as
distinct laminae, but displays little or no recogni-
sable biologic structures. Under the microscope,
telalginite and lamalginite are easily recognised
by their bright shades of yellow under ultraviolet/-
blue fluorescent light. The third maceral, bitumi-
nite, is another important component in many oil
shales. It is largely amorphous, lacks recognisable
biologic structures, and displays relatively low
fluorescence under the microscope. This material
has not been fully characterised with respect to its
composition or origin although it is often a
quantitatively important component of the organic
matter in many marine oil shales. Other organic
constituents include vitrinite and inertinite, which
are macerals derived from humic matter of land
plants. These macerals are usually found in
relatively small amounts in most oil shales.

History of the Oil Shale Industry

The use of oil shale can be traced back to
ancient times. By the 17th century, oil shales were
being exploited in several countries. One of the
interesting oil shales is the Swedish alum shale of
Cambrian and Ordovician age that is noted for its
alum content and high concentrations of metals
including uranium and vanadium. As early as
1637, the alum shales were roasted over wood fires
to extract potassium aluminium sulphate, a salt
used in tanning leather and for fixing colours in
fabrics. Late in the 1800s, the alum shales were
retorted on a small scale for hydrocarbons.
Production continued through World War II but
ceased in 1966 because of the availability of
cheaper supplies of petroleum crude oil. In
addition to hydrocarbons, some hundreds of
tonnes of uranium and small amounts of vanadium
were extracted from the Swedish alum shales in
the 1960s (Andersson et al., 1985, p. 8).

An oil shale deposit at Autun, France, was
exploited commercially as early as 1839. The
Scottish oil shale industry began about 1859,
the year that Colonel Drake drilled his pioneer
well at Titusville, Pennsylvania. As many as 20
beds of oil shale were mined at different times.
Mining continued during the 1800s and by 1881
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oil shale production had reached 1 million
tonnes per year. With the exception of the
World War II years, between 1 and 4 million
tonnes of oil shale were mined yearly in
Scotland from 1881 to 1955 when production
began to decline, then ceased in 1962. Canada
produced some shale oil from deposits in New
Brunswick and Ontario in the mid-1800s.
Common products made from oil shale from
these early operations were kerosine and lamp
oil, paraffin wax, fuel oil, lubricating oil and
grease, naphtha, illuminating gas, and the
fertiliser chemical, ammonium sulphate. With
the introduction of the mass production of
automobiles and trucks in the early 1900s, the
supposed shortage of gasoline encouraged the
exploitation of oil shale deposits for transpor-
tation fuels. Many companies were formed to
develop the oil shale deposits of the Green River
Formation in the western United States,
especially in Colorado. Oil placer claims were
filed by the thousand on public lands in western
United States. The Mineral Leasing Act of 1920
removed oil shale and certain other fossil fuels
and minerals on public lands administered by the
Federal Government from the status of locatable
to leaseable minerals. Under this Act, the
ownership of the public mineral lands is retained

by the Federal Government and the mineral, e.g.
oil shale, is made available for development by
private industry under the terms of a mineral
lease.

Several oil shale leases on Federal lands in
Colorado and Utah were issued to private
companies in the 1970s. Large-scale mine
facilities were developed on the properties and
experimental underground ‘modified in situ’
retorting was carried out on one of the lease
tracts. However, all work has ceased and the
leases have been relinquished to the Federal
Government. Unocal operated the last large-
scale experimental mining and retorting facility
in western United States from 1980 until its
closure in 1991. The company produced 4.5
million barrels of oil from oil shale averaging
34 gal of shale oil per ton of rock over the life of
the project.

The tonnages mined in six oil shale produ-
cing countries for the period 1880 to 2000 are
shown in Fig. 3.2. By the late 1930s, total yearly
production of oil shale for these six countries had
risen to over 5 million tonnes. Although
production fell in the 1940s during World War
II, it continued to rise for the next 35 years,
peaking in 1979-1980 when in excess of 46
million tonnes of oil shale per year was mined,
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FIGURE 3.2 0il shale, mined from deposits in Brazil, China, Estonia, Germany, Russia and Scotland, 1880—2000.
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two-thirds of which was in Estonia. Assuming an
average shale oil content of 100 l/tonne, 46
million tonnes of oil shale would be equivalent
to 4.3 million tonnes of shale oil. Of interest is a
secondary period of high production reached by
China in 1958-1960 when as much as 24
million tonnes of oil shale per year were mined
at Fushun.

The oil shale industry as represented by the
six countries in Fig. 3.2 maintained a combined
yearly production of oil shale in excess of
30 million tonnes from 1963 to 1992. From the
peak year of 1981, yearly production of oil shale
steadily declined to a low of about 15 million
tonnes in 1999. Most of this decline is due to the
gradual downsizing of the Estonian oil shale
industry. This decline was not due to diminish-
ing supplies of oil shale but to the fact that
oil shale could not compete economically with
petroleum as a fossil energy resource. On the
contrary, the potential oil shale resources of the
world have barely been touched.

QOil Shale Resources

Although information about many oil shale
deposits is rudimentary and much exploratory
drilling and analytical work needs to be done, the
potential resources of oil shale in the world are
enormous. An evaluation of world oil shale
resources is made difficult because of the
numerous ways by which the resources are
assessed. Gravimetric, volumetric, and heating
values have all been used to determine the oil
shale grade. For example, oil shale grade is
expressed in litres per tonne or gallons per short
ton, weight percent shale oil, kilocalories of
energy per kilogram of oil shale or Btu, and
others. If the grade of oil shale is given in
volumetric measure (litres of shale oil per
tonne), the density of the oil must be known to
convert litres to tonnes of shale oil.

By-products can add considerable value to
some oil shale deposits. Uranium, vanadium,
zinc, alumina, phosphate, sodium carbonate
minerals, ammonium sulphate, and sulphur add
potential value to some deposits. The spent shale
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obtained from retorting may also find use in the
construction industry as cement. Germany and
China have used oil shale as a source of cement.
Other potential by-products from oil shale
include specialty carbon fibres, adsorbent car-
bons, carbon black, bricks, construction and
decorative building blocks, soil additives, ferti-
lisers, rock wool insulating materials, and glass.
Many of these by-products are still in the
experimental stage, but the economic potential
for their manufacture seems large.

Many oil shale resources have been little
explored and much exploratory drilling needs
to be done to determine their potential. Some
deposits have been fairly well explored by drilling
and analyses. These include the Green River oil
shale in western United States, the Tertiary
deposits in Queensland, Australia, the deposits
in Sweden and Estonia, the El-Lajjun deposit in
Jordan, perhaps those in France, Germany and
Brazil, and possibly several in Russia. It can be
assumed that the deposits will yield at least
40 litres of shale oil per tonne of shale by Fischer
assay. The remaining deposits are poorly known
and further study and analysis are needed
to adequately determine their resource potential.

By far the largest known deposit is the Green
River oil shale in the western United States,
which contains a total estimated resource of over
1.7 trillion barrels. In Colorado alone, the total
resource reaches 1 trillion barrels of oil. The
Devonian black shales of the eastern United
States are estimated at 423 billion barrels. Other
important deposits include those of Estonia,
Brazil, Australia, Jordan, and Morocco.

The total world resource of shale oil is
estimated at 3.3 trillion barrels. This figure is
considered to be conservative in view of the fact
that oil shale resources of some countries are not
reported and other deposits have not been fully
investigated. On the other hand, several deposits,
such as those of the Heath and Phosphoria
Formations and portions of the Swedish alum
oil shale, have been degraded by geothermal
heating. Therefore, the resources reported for
such deposits are probably too high and some-
what misleading.
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Recoverable Resources

The amount of shale oil that can be
recovered from a given deposit depends
upon many factors. As alluded to above,
geothermal heating, or other factors, may
have degraded some or all of a deposit, so
that the amount of recoverable energy may be
significantly decreased. Some deposits or
portions thereof, such as large areas of the
Devonian black shales in the eastern United
States, may be too deeply buried to mine
economically in the foreseeable future. Sur-
face land uses may greatly restrict the
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availability of some oil shale deposits for
development, especially those in the industrial
western countries. The obvious need today is
new and improved methods for the economic
recovery of energy and by-products from oil
shale. The bottom line in developing a large
oil shale industry will be governed by the
price of petroleum-based crude oil. When the
price of shale oil is comparable to that of
crude oil because of diminishing resources of
crude, then shale oil may find a place in the
world fossil energy mix.
John R Dyni
US Geological Survey
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DEFINITIONS

In Table 3.1 the following definition applies:

Shale oil refers to synthetic oil obtained by
heating organic material (kerogen) con-
tained in oil shale rock to a temperature
which will convert it to oil, combustible
gas, and residual carbon that remains in the
spent shale. Properly processed, kerogen
can be thermally decomposed (pyrolysis)
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into a substance somewhat similar to
petroleum. Kerogen has not gone through
the ‘oil window’ of heat and therefore, to
be changed into an oil-like substance, it
must be heated to temperatures as high as
450-500 °C. By this process the organic
material is converted into a liquid, which,
like crude oil, must be refined to produce
transportation fuels (gasoline, jet kerosine
and diesel fuel) and other useful
petrochemicals.
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TABLE 3.1

Shale oil: resources and production at end-2002
In-place shale oil In-place shale Production in 2002

resources oil resources (thousand tonnes (oil))

(million barrels) (million tonnes)

Egypt (Arab Rep.) 5 700 816

Congo (Dem. Rep.) 100 000 14 310

Madagascar 32 5

Morocco 53 381 8 167

South Africa 130 19

Total Africa 159 243 23 317

Canada 15 241 2192

USA 2 587 228 380 566

Total North America 2 602 469 382 758

Argentina 400 57

Brazil 82 000 11 734 157

Chile 21 3

Total South America 82 421 11 794 157

Armenia 305 44

China 16 000 2 290 100

Kazakhstan 2 837 400

Mongolia 294 42

Myanmar 2 000 286

Thailand 6 400 916

Turkey 1 985 284

Turkmenistan 7 687 1 100

Uzbekistan 8 386 1 200

Total Asia 45 894 6 562 100

Austria 8 1

Belarus 6 988 1 000

Bulgaria 125 18

Estonia 16 286 2 494 275

France 7 000 1 002

Germany 2 000 286

Hungary 56 8

Italy 73 000 10 446

Luxembourg 675 97

Poland 48 7

Russian Federation 247 883 35 470

Spain 280 40

(continued on next page)

81



2004 Survey of Energy Resources

TABLE 3.1 (Continued)

In-place shale oil In-place shale Production in 2002
resources oil resources (thousand tonnes (oil))

(million barrels) (million tonnes)

Sweden 6114 875

Ukraine 4193 600

United Kingdom 3 500 501

Total Europe 368 156 52 845 275

Israel 4 000 550

Jordan 34 172 5242

Total Middle East 38172 5792

Australia 31 729 4 531 46

New Zealand 19 3

Total Oceania 31 748 4534 46

Total world 3328 103 487 602 578

Notes:
(1) The figures for Turkmenistan refer to the Amu-Daria Basin, which also extends into Uzbekistan.
(2) Source: J.R. Dyni, US Geological Survey.
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COUNTRY NOTES

The following Country Notes on Oil Shale
have been compiled by the editors, drawing upon
a wide variety of material, including papers
authored by J.R. Dyni of the USGS, papers
presented at the Symposium on Qil Shale in
Tallinn, Estonia, November 2002, national and
international publications, and direct communi-
cations with oil shale experts.

Australia

The total demonstrated oil shale resource is
estimated to be in the region of 58 billion tonnes,
of which about 24 billion barrels of oil is
recoverable. The deposits are spread through the
eastern and southern states of the country
(Queensland, New South Wales, South Austra-
lia, Victoria and Tasmania), although it is the
eastern Queensland deposits that have the best
potential for economic development.

Production from oil shale deposits in south-
eastern Australia began in the 1860s, coming to
an end in 1952 when government funding
ceased. Between 1865 and 1952 some 4 million
tonnes of oil shale were processed.

During the 1970s and early 1980s a modern
exploration programme was undertaken by two
Australian companies, Southern Pacific Pet-
roleum N.L. and Central Pacific Minerals N.L.
(SPP/CPM). The aim was to find high-quality oil
shale deposits amenable to open-pit mining
operations in areas near infrastructure and
deepwater ports. The programme was successful
in finding a number of silica-based oil shale
deposits of commercial significance along the
coast of Queensland. Ten deposits clustered in
an area north of Brisbane were investigated and
found to have an oil shale resource in excess of
20 billion barrels (based on a cutoff grade of
501/t at 0% moisture), which could support
production of more than 1 million barrels a day.

In 1995 SPP/CPM signed a joint venture
agreement with the Canadian company Suncor
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Energy Inc. to commence development of one of
the oil shale deposits, the Stuart Deposit.
Located near Gladstone, it has a total in situ
shale oil resource of 2.6 billion barrels and the
capacity to produce more than 200 000 b/d.
Suncor had had the role of operator of the Stuart
project, but in April 2001, SPP/CPM purchased
Suncor’s interest. In February 2002, a corporate
restructuring was undertaken so that SPP
became the holding company for the group’s
interests and CPM was delisted from the
Australian stock exchange.

The Stuart project, incorporating the Alberta-
Taciuk Processor (ATP) retort technology
(initially developed for potential application to
the Alberta oil sands), has three stages. The Stage 1
demonstration plant was constructed between
1997 and 1999 and to date has produced over
500 000 barrels. The plant is designed to process
6 000 tonnes per stream day of run-of-mine (wet
shale) to produce 4 500 bpsd of shale oil products.
Technical and economic feasibility having been
proved, itis planned that the ATP in Stage 2 will be
scaled up by a factor of 4 to a commercial-sized
module processing 23 500 tpsd and producing
15 500 bpsd oil products. Once regulatory
approvals have been granted and financing is in
place, it is planned that Stage 2 will come on
stream during 2006. It is envisaged that multiple
commercial ATP units will come on stream during
2010-2013 processing up to 380 000 tpsd and
producing up to 200 000 bpsd of oil products for a
period in excess of 30 years.

The Stage 1 raw shale oil produced is a
relatively light crude with a 42° API gravity,
0.4 wt% sulphur and 1.0 wt% nitrogen. To meet
the needs of the market, the raw oil requires
further processing, resulting in low-sulphur
naphtha and light fuel oil. The ultra low-sulphur
‘water-white’ product can be readily used to
make gasoline and jet fuel. Shale oil has been
certified as a feedstock for jet fuel production by
the world’s leading accreditation agencies. A
long-term contract has been signed for the sale
of naphtha to Mobil Oil Australia. The light fuel
oil is being shipped to Singapore and sold into
the fuel oil blending market.
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Having committed itself to ensuring that the
Stuart oil shale project has a sustainable develop-
ment, SPP has put various schemes into operation
to achieve its stated environmental goals. One in
particular launched in 1998 is a reforestation
carbon dioxide sink. To date, 250 000 trees have
been planted on deforested lands in Central
Queensland, with data on carbon dioxide seques-
tration rates in both the trees and surrounding soils
being collected. In September 2000, the first
carbon trade in Queensland was announced. It is
between SPP and the state government and is
based on the reforestation trials.

SPP announced at the beginning of December
2003 that receivers had been appointed to the
company. In February 2004 it was reported that a
new company, Queensland Energy Resources, had
been formed to acquire most of the assets of SPP.

Brazil

The oil shale resource base is one of the
largest in the world and was first exploited in
1884 in the State of Bahia. In 1935 shale oil was
produced at a small plant in Sao Mateus do Sul
in the State of Parana and in 1950, following
government support, a plant capable of produ-
cing 10 000 b/d shale oil was proposed for
Tremembé, Sao Paulo.

Following the formation of Petrobras in
1953, the company developed the Petrosix
process for shale transformation. Operations
are concentrated on the reservoir of Sdo Mateus
do Sul, where the ore is found in two layers: the
upper layer of shale (6.4 m thick), with an oil
content of 6.4%, and the lower 3.2 m layer with
an oil content of 9.1%. The company brought a
pilot plant (8 in. internal diameter retort) into
operation in 1982, its purpose being for oil shale
characterisation, retorting tests and developing
data for economic evaluation of new commercial
plants. A 6 ft (internal diameter) retort demon-
stration plant followed in 1984 and is used for
the optimisation of the Petrosix technology.

A 2200 (nominal) tonnes per day, 18 ft
(internal diameter) semi-works retort (the Irati
Profile Plant), originally brought on line in 1972,

84

began operating on a limited commercial scale
in 1981 and a further commercial plant—the
36 ft (internal diameter) Industrial Module
retort—was brought into service in December
1991. Together the two commercial plants
process some 7 800 tonnes of bituminous shale
daily. The retort process (Petrosix) where the
shale undergoes pyrolysis yields a nominal daily
output of 3 870 barrels of shale oil, 120 tonnes
of fuel gas, 45 tonnes of liquefied shale gas and
75 tonnes of sulphur. Output of shale oil in 2002
was an estimated 3 000 b/d (157 000 tpa).

The Ministry of Mines and Energy quotes
end-1999 shale oil reserves as 445.1 million m®
measured/indicated/inventoried and 9 402
million m® inferred/estimated, with shale gas
reserves as 111 billion m® measured/indicated/
inventoried and 2 353 billion m® inferred/
estimated.

Canada

Oil shales occur throughout the country,
with as many as 19 deposits having been
identified. However, the majority of the in-
place shale oil resources remain poorly known.
The most explored deposits are those in the
provinces of Nova Scotia and New Brunswick.
Of the areas in Nova Scotia known to contain
oil shales, development has been attempted at
two—Stellarton and Antigonish. Mining took
place at Stellarton from 1852 to 1859 and
1929 to 1930 and at Antigonish around 1865.
The Stellarton Basin is estimated to hold some
825 million tonnes of oil shale, with an in situ
oil content of 168 million barrels. The
Antigonish Basin has the second largest oil
shale resource in Nova Scotia, with an
estimated 738 million tonnes of shale and 76
million barrels of oil in situ.

Investigations into retorting and co-combus-
tion (with coal for power generation) of Albert
Mines shale (New Brunswick) have been con-
ducted, including some experimental processing
in 1988 at the Petrobras plant in Brazil. Interest
has been shown in the New Brunswick deposits



for the potential they might offer to reduce
sulphur emissions by co-combustion of carbon-
ate-rich shale residue with high-sulphur coal in
power stations.

China

Oil shale deposits are widespread, with
proved reserves estimated to be in the region
of 32 billion tonnes.

Fushun, a city in the north-eastern province of
Liaoning, is known as the Chinese ‘capital of
coal’. Within the Fushun coalfield the West Open
Pit mine is the largest operation of coal mining
and is where, above the coal layer, oil shale from
the Tertiary Formation is mined as a by-product.
It was estimated that the entire Fushun area had a
resource of approximately 2 billion tonnes with
the oil content greater than 4.7%.

It has been reported that the average oil
content is 7—8%, which would produce in the
region of 78—891 of oil per tonne of oil shale
(assuming a 0.9 specific gravity).

The commercial extraction of oil shale and
the operation of heating retorts for processing
the oil shale were developed in Fushun between
1920 and 1930. After World War II, Refinery
No. 1 had 200 retorts, each with a daily
throughput of 100—200 tonnes of oil shale. It
continued to operate and was joined by Refinery
No. 2, restored in 1954. In Refinery No. 3 shale
oil was hydrotreated for producing light liquid
fuels. Shale oil was also open-pit mined in
Maoming, Guangdong Province and 64 retorts
were put into operation there in the 1960s.

At the beginning of the 1960s, 266 retorts
were operating in Fushun’s Refinery Nos. 1 and
2 and production peaked at about 23 million
tonnes of oil shale (about 780 000 tonnes of
shale oil). However, during the 1980s production
had dropped to about 300 000 tonnes of shale oil
and at the beginning of the 1990s the availability
of much cheaper crude oil had led to the
Maoming operation and Fushun Refinery Nos.
1 and 2 being shut down.
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A new facility—the Fushun Oil Shale
Retorting Plant—came into operation under the
management of the Fushun Bureau of Mines. It
at first consisted of 60 retorts producing
60 000 tonnes per year of shale oil to be sold
as fuel oil, with carbon black as a by-product.
Subsequently 20 further retorts were constructed
and by 2001 the annual production of shale oil
had increased to 80 000 tonnes.

In addition to Fushun, small quantities of oil
shale have been extracted from underground
mines in Huadian, Jilin Province in recent years.
This has been burnt in a fluidised bed boiler for
power generation.

In 2002 the Fushun shale oil plants produced
100 000 tonnes of shale oil and owing to
favourable economic factors it is planned to
triple the production capacity. This will be
achieved with improved technology and the
installation of larger retorts.

Future plans involve a plant with a proces-
sing capacity of 2 million tonnes of oil shale
yearly (6 000 tonnes oil shale daily) being built
in Huadian, and the following plants being
constructed as a result of the oil shale being a
by-product of coal mining:

e Harbin Gas and Chemical Company in
Heilongjang Province—1 000 tonnes oil
shale daily;

e Song Ya San Coal Mining Company in
Heilongjang Province—1 000 tonnes oil
shale daily;

e Longkow Coal Mining Company in Shan-
dong Province—2 500 tonnes oil shale daily.

Egypt (Arab Republic)

Oil shale was discovered during the 1940s as
a result of oil rocks self-igniting whilst phos-
phate mining was taking place. The phosphate
beds in question lie adjacent to the Red Sea in
the Safaga-Quseir area of the Eastern Desert.
Analysis was at first undertaken in the Soviet
Union in 1958 and was followed by further
research in Berlin in the late 1970s. This latter
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work concentrated on the phosphate belt in the
Eastern Desert, the Nile Valley and the southern
Western Desert. The results showed that the Red
Sea area was estimated to have about 4.5 billion
barrels of in-place shale oil and that in the
Western Desert, the Abu Tartour area contained
about 1.2 billion barrels.

The studies concluded that the oil shale rocks
in the Red Sea area were only accessible by
underground mining methods and would be
uneconomic for oil and gas extraction. However,
the Abu Tartour rocks could be extracted whilst
mining for phosphates and then utilised for
power production for use in the mines. Addition-
ally, although in both areas power could be
generated for the in-place cement industry, the
nature of the shale as a raw material would not
be conducive to the manufacture of high-quality
cement.

In view of the depletion of Egyptian fossil
fuel reserves, a research project was
implemented during 1994—1998 on the ‘Avail-
ability of Oil Shale in Egypt and its Potential Use
in Power Generation’. The project concluded
that the burning of oil shale and its use as fuel for
power production was feasible, but only became
economic when heavy fuel oil and coal prices
rose to significantly higher levels. Many rec-
ommendations for a technological and environ-
mental nature were made and economic studies
continue. A 20 MW oil shale pilot plant for
power generation in Quseir was recommended
as part of a first step towards the exploitation of
Egyptian oil shale.

Estonia

Oil shale was first scientifically researched
in the 18th century. In 1838 work was under-
taken to establish an open-cast pit near the town
of Rakvere and an attempt was made to obtain
oil by distillation. Although it was concluded
that the rock could be used as solid fuel and,
after processing, as liquid or gaseous fuel,
the ‘kukersite’ (derived from the name of
the locality) was not exploited until the fuel
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shortages created by World War I began to
impact.

The Baltic Oil Shale Basin is situated near
the north-western boundary of the East European
Platform. The Estonia and Tapa deposits are
both situated in the west of the Basin, the former
being the largest and highest-quality deposit
within the Basin.

Since 1916 oil shale has had an enormous
influence on the energy economy, particularly
during the period of Soviet rule and then under
the re-established Estonian Republic. At a very
early stage, an oil shale development programme
declared that kukersite could be used directly as
a fuel in the domestic, industrial or transport
sectors. Moreover, it was easily mined and could
be even more effective as a combustible fuel in
power plants or for oil distillation. Additionally
kukersite ash could be used in the cement and
brick-making industries.

Permanent mining began in 1918 and has
continued until the present day, with capacity
(both underground mining and open-cast)
increasing as demand rose. By 1955 oil shale
output had reached 7 million tonnes and was
mainly used as power station/chemical plant fuel
and in the production of cement. The opening of
the 1 400 MW Baltic Thermal Power Station in
1965 followed, in 1973, by the 1 600 MW
Estonian Thermal Power Station again boosted
production and by 1980 (the year of maximum
output) the figure had risen to 31.35 million
tonnes.

In 1981, the opening of a nuclear power station
in the Leningrad district of Russia signalled the
beginning of the decline in Estonian oil shale
production. No longer were vast quantities
required for power generation and the export of
electricity. The decline lasted until 1995, with
some small annual increases thereafter.

The Estonian government has taken the first
steps towards privatisation of the oil shale
industry and is beginning to tackle the air and
water pollution problems that nearly a century of
oil shale processing has brought.

The total Estonian in-place shale oil resource
is currently estimated to be in the region of



16 billion barrels and at the present time
continues to play a dominant role in the
country’s energy balance.

In 2002 12.4 million tonnes of oil shale were
produced. Imports amounted to 0.7 million
tonnes, 9.4 million tonnes were used for elec-
tricity generation, 1.0 for heat generation and
2.3 million tonnes were processed for shale oil
and coke production. Production of shale oil was
275 000 tonnes, 160 000 tonnes were exported,
7 000 tonnes were utilised for electricity gener-
ation and 114 000 for heat generation.

The historical ratio of underground mining to
opencast (approximately 50:50) is tending to
move away from opencast production as the bed
depths increase. The exhausted opencast areas
are gradually being recultivated and reforested
but the ‘Restructuring Plan of the Estonian oil-
shale sector’ published by the Ministry of
Economic Affairs in 2001 sets out the many
problems associated with both the mining of oil
shale and its use for electricity production.
Nevertheless the Government and Parliament
have taken the strategic decision to continue
energy production based on oil shale until 2015,
albeit by then with a leaner and fitter industry.

The task of the government in restructuring
the oil shale industry is to achieve the following
strategic goals, not least to meet the environ-
mental conditions of membership of the Euro-
pean Union:

e increase the efficiency in oil shale based
energy production and significantly reduce
the harmful environmental impact via reno-
vation of combustion technologies;

e renovate the power plants and oil processing
plants in order to ensure the rational use of the
oil shale resource in the existing underground
and opencast mines;

e develop the Estonian oil shale based energy
production in conformity with EU legislation
and general trends.

Furthermore, the 2002 legislation, which
permitted the liberalisation of the electricity
and gas market, is having a significant
social effect on Ida-Virumaa County, the area
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in north-eastern Estonia with the greatest
concentration of oil shale industry in the
country. The oil shale sector is the main
employer in the region and the reorganisation
of the industry has led to high unemployment.
The once high dependence on oil shale proces-
sing has yet to be replaced by a culture of private
enterprise—it is hoped that international co-
operation and the injection of foreign investment
may help this situation in due course.

France

Oil shale was irregularly exploited in France
between 1840 and 1957 but at its highest (1950),
output only reached 0.5 million tonnes per year
of shale. During its 118 year life, the Govern-
ment imposed taxes and duties on foreign oil,
thus preserving the indigenous industry.

In 1978 it was estimated that the in-place
shale oil resources amounted to 7 billion barrels.

Germany

The German oil shale industry was devel-
oped in the middle of the 19th century and
during the 1930s and 1940s the development of
retorted oil contributed to the depleted fuel
supplies during World War II.

Today the only active plant is located in
Dotternhausen in southern Germany, where
Rohrbach Zement has been using oil shale
since the 1930s. The oil shale from this area
has a low energy content, a low oil yield and a
high ash content but by using a complex process
the complete utilisation of both the oil shale
energy and all its minerals can be accomplished
and incorporated into the manufacture of cement
and other hydraulic binding agents. Part of the
oil shale is directly used for cement clinker
production. Finely ground oil shale supplies
20% of the thermal energy and 10% of the raw
materials needed for the clinker burning process.
Most of the oil shale, however, is burnt in
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fluidised bed units, the heat of which is used
simultaneously to produce electricity.

A minimal quantity of oil shale is produced
for use at the Rohrbach works. In 2002
production amounted to 367 000 tonnes.

In 1965 it was estimated that in-place shale
oil resources amounted to 2 billion barrels.

Israel

Sizeable deposits of oil shale have been
discovered in various parts of Israel, with the
principal resources located in the north of the
Negev desert. About 12 billion tonnes of oil
shale reserves have been identified. The largest
deposit (Rotem Yamin) has shale beds with a
thickness of 35—-80 m, yielding 60—71 1 of oil
per tonne. Generally speaking, Israeli oil shales
are relatively low in heating value and oil yield,
and high in moisture, carbonate, and sulphur
content, compared with other major deposits.

A 25 MW experimental electric power plant
fuelled by oil shale from the Rotem Yamin
deposit began operation in 1989 but is now closed.

Jordan

There are about 26 known occurrences which
resultin Jordan having an extremely large proven
and exploitable oil shale resource. Geological
surveys estimate that the existing shale reserves
cover more than 60% of the country and
amount to in excess of 65 billion tonnes.

The eight most important deposits are located
in west-central Jordan and of these, El Lajjun,
Sultani, and the Juref ed Darawish have been
most extensively explored. They are all classi-
fied as shallow and are suitable for open-cast
mining, albeit some are underlain by phosphate
beds. One more deposit, Yarmouk, located close
to the northern border is thought to extend into
Syria and may prove to be exceptionally large,
both in area and thickness. Reaching some
400 m in thickness, it would only be exploitable
by underground mining.
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Jordanian shales are generally of quite good
quality, having relatively low ash and moisture
content (2—5.5 wt%), a gross calorific value of
1 200-2 000 kcal/kg and an average oil yield of
10% (by weight). The sulphur content of the oil
shale ranges from 0.3 to 4.3%, whilst the range
for the shale oil from the Juref ed Darawish and
the Sultani deposits is very high at 8 and 10%,
respectively. Also of relevance is the relatively
high trace metal content from the major deposits
(copper, nickel, zinc, chromium, vanadium).

During the past two decades the Government
has undertaken a number of feasibility studies
and test programmes. These have been carried
out in co-operation with companies from the
former Soviet Union, Germany, China, Russia,
Canada and Finland. They were all intended to
demonstrate utilisation through either direct
burning or retorting. All tests proved that
burning Jordanian oil shale is very stable,
emission levels are low and carbon burn-out is
high. Furthermore, research on catalytic gasifi-
cation was undertaken in the FSU, with positive
results. Solvent extraction of organic matter was
the subject of a joint study by the Jordanian
Natural Resources Authority and the National
Energy Research Center.

Following combustion, the resultant oil shale
ash appears to be suitable for using in a wide
range of products, ranging from construction
materials to being used as a supplement to
animal food.

The eventual exploitation of Jordan’s fuel
resource to produce liquid fuels and/or electri-
city, together with chemicals and building
materials, would be favoured by three fac-
tors—the high organic matter content of Jorda-
nian oil shale, the suitability of the deposits for
surface-mining and their location near potential
consumers (i.e. phosphate mines, potash and
cement works).

The Government is keen for private invest-
ment to develop the industry through BOO and
BOT schemes and to this end passed a new
electricity law in 1996 which allowed such co-
operation to occur. The Ministry of Energy and
Mineral Resources (MEMR) has invited qualified



companies with proven technology and experi-
ence in oil shale to submit their proposals. In
particular, Suncor of Canada has developed a
technology for extracting and processing oil shale
at about US$ 10 per barrel. The company has
proposed a project, the first stage of which would
result in the production of 17 000 b/d oil. The
success of this initial stage, together with that
of the first operational oil shale project in
Australia, would permit the Government to
grant continued expansion of other projects on a
BOO basis.

Kazakhstan

At the beginning of the 1960s successful
experimentation was carried out on a sample of
Kazakhstan’s oil shale in the former Soviet
Republic of Estonia. Both domestic gas and shale
oil were produced. It was found that the resultant
shale oil had a low-enough sulphur content for
the production of high-quality liquid fuels.

Beginning in early 1998 and lasting until end-
2001, a team funded by INTAS (an independent,
international association formed by the European
Community to preserve and promote scientific
co-operation with the newly independent states)
undertook a project aimed at completely re-
evaluating Kazakhstan’s oil shales. The resultant
report testified that Kazakhstan’s oil shale
resources could sustain the production of various
chemical and power-generating fuel products.

The research undertaken concluded that the
occurrence of oil shale is widespread, the most
important deposits having been identified in
western (the Cis-Urals group of deposits) and
eastern (the Kenderlyk deposit) Kazakhstan.
Further deposits have been discovered in both
the southern region (Baikhozha and the lower Ili
river basin) and the central region (the Shubarkol
deposit).

In excess of 10 deposits have been studied:
the Kenderlyk Field has been revealed as the
largest (in the region of 4 billion tonnes) and has
undergone the greatest investigation. However,
studies on the Cis-Urals group and the Baikhozha
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deposit have shown that they have important
concentrations of rare elements (rhenium and
selenium), providing all these deposits with
promising prospects for future industrial
exploitation.

The in-place shale oil resources in Kazakh-
stan have been estimated to be in the region of
2.8 billion barrels. Moreover, many of the
deposits occur in conjunction with hard and
brown coal accumulations which, if simul-
taneously mined, could increase the profitability
of the coal production industry whilst helping to
establish a shale-processing industry.

The recommendations made to INTAS were
that collaboration between the project’s partici-
pants should continue and further research
should be undertaken on a commercial basis
with interested parties, as a precursor to the
establishment of such an industry.

Morocco

Morocco has very substantial oil shale
reserves but to date they have not been exploited.
During the early 1980s, Shell and the Moroccan
state entity ONAREP conducted research into
the exploitation of the oil shale reserves at
Tarfaya, and an experimental shale-processing
plant was constructed at another major deposit
(Timahdit). At the beginning of 1986, however,
it was decided to postpone shale exploitation at
both sites and to undertake a limited programme
of laboratory and pilot-plant research.

Although deposits have been identified at 10
localities, the resources of the two largest
deposits, Tarfaya and Timahdit, with over 50
billion barrels, rank the country sixth in terms of
worldwide in-place shale oil.

Russian Federation

In excess of 80 oil shale deposits have been
identified in Russia.

The deposits in the Volga-Petchyorsk pro-
vince, although of reasonable thickness (ranging
from 0.8 to 2.6 m), contain high levels of sulphur.
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Extraction began in this area in the 1930s with the
oil shale being used to fuel two power plants, but
the operation was abandoned owing to environ-
mental pollution. However, most activity has
centred on the Baltic Basin where the kukersite
oil shale has been exploited for many years. In
2002 the Leningradslanets Oil Shale Mining
Public Company produced 1.12 million tonnes
(an output of 1.2 million tonnes is expected in
2003). Since June 2003 all shale mined has been
delivered to the Estonian Baltic power station
with the resultant electricity delivered to UES
(Unified Energy System of Russia).

Until 1998, the Slantsy electric power plant
(located close to the Estonian border, 145 km
from St Petersburg) was equipped with oil shale
fired furnaces but in 1999 its 75 MW plant was
converted to use natural gas. It continued to
process oil shale for oil until June 2003, since
when its main activities have been electrode
coke annealing and the processing of coals and
natural gas oil components.

In 1995 a small processing plant operated at
Syzran with an input of less than 50 000 tonnes
of shale per annum. Although the accompanying
mine has now closed it has been said that a group
of about 10 miners are producing in the region of
10 000 tonnes per year. Using the Syzran plant
the oil shale is being processed for the manu-
facture of a pharmaceutical product.

Itis alleged that the administrators of the Syzran
plant are seeking investment for a new plant
capable of processing 500 tonnes per day. The mine
would be re-opened with the intention of perpetu-
ating the production of pharmaceutical products.
To this end a business plan has been issued.

Sweden

The huge shale resources underlying main-
land Sweden are more correctly referred to as
alum shale; black shale is found on two islands
lying off the coast of south-eastern Sweden. The
in-place shale oil resource is estimated to be 6.1
billion barrels.

The exploitation of alum shale began as early
as 1637 when potassium aluminium sulphate
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(alum) was extracted for industrial purposes. By
the end of the 19th century the alum shale was
also being retorted in an effort to produce a
hydrocarbon oil. Before and during World War
II, Sweden derived oil from its alum shale, but
this process had ceased by 1966, when alterna-
tive supplies of lower-priced petroleum were
available; during the period 50 million tonnes of
shale had been mined.

The Swedish alum shale has a high content of
various metals including uranium, which was
mined between 1950 and 1961. At that time the
available uranium ore was of low grade but later
higher-grade ore was found and 50 tonnes of
uranium were produced per year between 1965
and 1969. Although the uranium resource is
substantial, production ceased in 1989 when
world prices fell and made the exploitation
uneconomic.

Thailand

Some exploratory drilling by the Govern-
ment was made as early as 1935 near Mae Sot
in Tak Province on the Thai—Burmese border.
The oil shale beds are relatively thin, underlying
about 53 km? in the Mae Sot basin and
structurally complicated by folding and faulting.

Another deposit at Li, Lampoon Province is
small, estimated at 15 million tonnes of oil shale
and yielding 50—171 1 of oil per tonne.

Some 18.7 billion tonnes of oil shale yielding
an estimated 6.4 billion barrels of shale oil have
been identified in the Mae Sot Basin, but to
date it has not been economic to exploit the
deposits. In 2000 the Thai Government esti-
mated that total proved recoverable reserves of
shale oil were 810 million tonnes.

Turkey

Although oil shale deposits are known to
exist over a wide area in middle and western
Anatolia, they have received relatively little
investigation. Between 1993 and 1995 it was



estimated that in-place resources of shale oil
were 1 985 million barrels, but further research
is needed to establish a body of data.

United States of America

It is estimated that nearly 78% of the
world’s potentially recoverable shale oil
resources are concentrated in the USA. The
largest of the deposits is found in the
42 700 km* Eocene Green River formation in
north-western Colorado, north-eastern Utah and
south-western Wyoming. The richest and most
easily recoverable deposits are located in the
Piceance Creek Basin in western Colorado and
the Uinta Basin in eastern Utah. The shale oil
can be extracted by surface and in situ methods
of retorting: depending upon the methods of
mining and processing used, as much as one-
third or more of this resource might be
recoverable. There are also the Devonian-
Mississippian black shales in the eastern United
States. The Green River deposits account for
67% of US shale oil resources, the eastern
black shales for 16%.

Oil distilled from shale was burnt and used
horticulturally in the second half of the 19th
century in Utah and Colorado but very little
development occurred at that time. It was not
until the early 1900s that the deposits were first
studied in detail by the US Geological Survey
and the Government established the Naval
Petroleum and Oil Shale Reserves, which for
much of the 20th century served as a con-
tingency source of fuel for the nation’s military.
These properties were originally envisioned as a
way to provide a reserve supply of oil to fuel US
naval vessels.

Oil shale development had always been on a
small scale but the project that was to represent
the greatest development of the shale deposits
was begun immediately after World War II in
1946—the US Bureau of Mines established the
Anvils Point oil shale demonstration project in
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Colorado. However, processing plants had been
small and the cost of production high. It was not
until the USA had become a net oil importer,
together with the oil crises of 1973 and 1979,
that interest in oil shale was reawakened. In the
latter part of the 20th century military fuel needs
changed and the strategic value of the shale
reserves began to diminish.

In the 1970s ways to maximise domestic
oil supplies were devised and the oil shale
fields were opened up for commercial pro-
duction. Oil companies led the investigations:
leases were obtained and consolidated but one
by one these organisations gave up their oil
shale interests. Unocal was the last to do so
in 1991.

Recoverable resources of shale oil from the
marine black shales in the eastern United
States were estimated in 1980 to exceed 400
billion barrels. These deposits differ signifi-
cantly in chemical and mineralogical compo-
sition from Green River oil shale. Owing to
its lower H:C ratio, the organic matter in
eastern oil shale yields only about one-third
as much oil as Green River oil shale, as
determined by conventional Fischer assay
analyses. However, when retorted in a hydro-
gen atmosphere, the oil yield of eastern oil
shale increases by as much as 2.0-2.5 times
the Fischer assay yield.

Green River oil shale contains abundant
carbonate minerals including dolomite, nahco-
lite, and dawsonite. The latter two minerals have
potential by-product value for their soda ash and
alumina content, respectively. The eastern oil
shales are low in carbonate content but contain
notable quantities of metals, including uranium,
vanadium, molybdenum, and others which could
add significant by-product value to these
deposits.

All field operations have ceased and at the
present time shale oil is not being produced in
the USA. Large-scale commercial production of
oil shale is not anticipated before the second or
third decade of the 21st century.
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Introduction

Crude oil is found in sedimentary rocks
throughout the world, except, thus far, in
Antarctica. In many places the oil has been
degraded, so that it is represented by viscous
black oil that is difficult to recover, transport,
and refine. Depending upon the degree of
degradation the result is extra-heavy oil or, in
the extreme case, natural bitumen. Except in
Canada, precise quantitative reserves and oil-
in-place data on a reservoir basis are seldom
available because most countries and companies
consider such information to be proprietary.

Natural bitumen is the oil contained in clastic
and carbonate reservoir rocks, most frequently in
small deposits at, or near, the earth’s surface.
These rocks are commonly referred to as tar
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sands or oil sands and have been mined since
antiquity for use as paving. Occasionally such
deposits are extremely large in areal extent and
in contained resources, most notably those in
northern Alberta, Canada. In 2003 only the
Alberta bitumen deposits were being exploited
as a source of crude oil.

Similarly, reservoirs containing extra-heavy
oil are geographically widespread but only one
such deposit is sufficiently large to have a major
supply and economic impact. That deposit is the
Orinoco Oil Belt in Eastern Venezuela. Nowhere
else in the world is such a concentration of extra-
heavy oil known or likely to exist.

Definitions of terms used in this commentary
may be found immediately prior to Table 4.1.
The resource definitions are those of the World
Petroleum Congress-Society of Petroleum
Engineers-American Association of Petroleum
Geologists, with minor additions. One such
addition, e.g. is the term Original Reserves,
comprised of Proved Reserves plus Cumulative
Production, which tends to place new and mature
reservoirs on a more nearly comparable basis
than either term alone.

Chemistry

Extra-heavy oil and natural bitumen rep-
resent crude oils which have been severely
degraded by microbial action, as evidenced by
their paucity of low-molecular-weight saturated
hydrocarbons. Fig. 4.1 provides a comparison
of salient attributes of crude oil and natural
bitumen.
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Conventional | Medium Heavy Extra-Heavy| Natural
oil oil oil oil bitumen

Reservoirs (number) 8 102 816 1375 57 324
Depth to top of reservoir (ft) 5140 3284 3200 3628 484
Coke in crude oil (wt%) 10.4 17.6 21.8 28.1
Asphalt in crude oil (wt%) 8.8 25.0 38.4 61.9 69.6
Gasoline yield (vol%) 9.2 2.8 2.0 1.3 1.4
Gas Oil yield (vol%) 17.4 21.9 15.9 16.9 7.2
Residuum vyield (vol%) 21.9 39.5 52.6 62.6 18.1
Pour point of crude oil (°F) 16 9 20 66 89
Crude oil density (g/cm?) 0.836 0.920 0.958 1.018 1.041
Crude oil gravity (°API) 38.1 22.3 16.3 7.5 5.0
Crude oil dynamic viscosity (cP, 100°F) 9 63 593 7 936 292 991
Resins (wt%) 6.1 19.3 24.2 21.2 25.2
Asphaltenes (wt%) 21 6.6 12.4 13.2 30.6
Total BTEX volatiles (ppm) 10 157.4 4 909.0 24871 N/A N/A
Total VOC volatiles (ppm) 16 736.1 8 018.3 4 518.2 N/A N/A
Nickel (ppm) 8.0 33.4 54.0 129.9 78.2
Vanadium (ppm) 18.2 88.2 170.9 777.7 183.0
Nitrogen (wt%) 0.1 0.2 0.5 0.6 0.7
Sulphur (wt%) 0.4 1.5 2.9 4.9 3.3

FIGURE 4.1 Comparative chemical analysis of world oils and natural bitumen.

The numbers of reservoirs involved show
that many fewer analyses are available for
extra-heavy oil and natural bitumen, which
causes the averages to be weighted by a few
large deposits with numerous analyses. Never-
theless, the chemical and physical differences
among the oil types are clear. From conven-
tional oil to natural bitumen there are increases
in density; coke, asphalt, asphaltene, and resin
contents; residuum yield; pour point; dynamic
viscosity; and in the content of the metals
nickel and vanadium and non-metals nitrogen
and sulphur. Conversely, the API gravity,
gasoline and gas oil yields, and volatile organic
compounds (Benzene, Toluene, Ethylbenzene
and Xylenes—BTEX and volatile organic
compounds—VOC) all decrease. There is also
a decrease in average reservoir depth. Very
little of the extra-heavy oil and natural bitumen
originated with these chemical attributes, which
are rather the result of the degradation of
originally conventional crude oils, with the
consequent loss of most of their low-molecular-
weight volatiles.

The degradation has resulted in crude oils
which are very dense, highly viscous, and
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black. The degradation, principally bacterial,
requires an active water supply to carry the
bacteria, inorganic nutrients and oxygen, and to
remove toxic by-products, such as hydrogen
sulphide; contact with the reservoir containing
the low-molecular-weight hydrocarbon food;
and temperatures generally below about 200 °F
(Barker, 1979). Other low-molecular-weight
components are lost through water washing in
the reservoir, thermal fractionation, and evap-
oration when the reservoir is breached at the
earth’s surface.

Resources

World summaries of natural bitumen and
extra-heavy oil resources are given in Tables 4.1
and 4.2. Although natural bitumen and extra-
heavy oil are worldwide in occurrence, a single
extraordinary deposit in each category is domi-
nant. The three Canadian oil sands deposits in
Alberta together contain at least 63% of the
discovered world total bitumen in place and
constitute the only bitumen deposits that are
economically recoverable as sources of synthetic
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oil. Additionally, Alberta has about 90% of the
world’s undiscovered or poorly known natural
bitumen. Canada’s known bitumen in place
amounts to about 1 700 billion barrels. Simi-
larly, the extra-heavy crude oil deposit of the
Orinoco Oil Belt, a part of the Eastern Venezuela
basin, represents about 98% of that known to be
in place or some 2 000 billion barrels. Between
them, these two deposits contain about 3 700
billion barrels of oil in place. These are only the
remaining, degraded remnants of petroleum
deposits that must have originally totalled as
much as 18 000 billion barrels of oil in place.

Extra-heavy oil is recorded in 91 deposits.
Some of these represent separate reservoirs in a
single field, of which some are producing and
others abandoned. The deposits are found in 21
countries, with 11 of the deposits being offshore
or partially offshore.

Natural bitumen is found in 183 identified
deposits in 21 countries. These are generally
reported as tar sands or, in Canada, oil sands.
Clearly, many more such deposits are identified
but, as in the case of oil seepages, no resource
estimate is possible. Very large resource
deposits are known in eastern Siberia in
the Russian Federation but insufficient data
are available to make more than conservative-
size estimates.

Two types of basins contain, respectively,
most of the world’s natural bitumen and extra-
heavy oil and, indeed, contain about three-
quarters of all the oil reserves in the world.
These basins are architecturally similar, either
lying within or accreted to continental cratons.
In profile, the sediments are thick and strongly
folded or rift-faulted in the seaward direction
and become thinner and structurally higher as
they encroach upon the craton. Oil is generated
in the deeply buried, thick seaward sediments
and migrates upward to be trapped adjacent to
the craton. Biodegradation is promoted at the
cratonic edge, where the sediments have been
brought near to the earth’s surface. This permits
an influx of fresh water, providing oxidising
conditions, and both evaporation and washing
out of light, high API gravity oil components.

Complete degradation results in highly viscous,
very low-API gravity bitumen exemplified by
the Alberta deposits. If the edge is reburied
before the oil is completely degraded, the result
is likely to be extra-heavy oil like that in the
Venezuelan Orinoco Oil Belt, which is some-
what less viscous and of higher API gravity than
the natural bitumen.

Production Methods

The chemical and physical attributes of
extra-heavy oil lead to an array of problems
with respect to exploitation, transportation,
storage, and refining. This, of course, is reflected
in the increased cost of extraction and processing
and physical limitations on production capacity.
Due to the high viscosity of the crude, some
form of improved recovery is usually required
for production. Steam injection has been com-
mon practice, in both vertical and lateral wells.
A notable addition to recovery technology has
been SAGD, or steam-assisted gravity drainage,
combined with horizontal drilling. In this
method a horizontal steam-injection well is
drilled a few metres above a production well.
A similar technology involves the injection of
solvent rather than steam in the superjacent well.
It is also common practice to inject a low-API
gravity hydrocarbon fluid (frequently gas con-
densate) as a diluent into the reservoir to
improve mobility. An important production
improvement is recovery of cold heavy oil
with sand (CHOPS). Cold production is
achieved in Venezuela through horizontal lateral
wells in combination with electric submersible
pumps and progressing cavity pumps. Finally,
efforts are continuing to improve production of
viscous oil through down-hole electrical resist-
ance heating.

Natural bitumen is immobile in near-surface
reservoirs, where it can be recovered only by
mining and surface separation of the bitumen
from the rock. Where the bitumen is buried
deeply enough to prevent severe heat loss, it
may be produced from wells by the use of
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FIGURE 4.2 Canadian Oil Sands Mine Truck & Shovel (Source: Suncor Energy Inc.).

steam injection from vertical wells, by taking
advantage of horizontal well technology, or by
utilising SAGD. In these cases the bitumen is
actually extra-heavy oil. For the bitumen in
reservoirs too deep to strip-mine economically
but too shallow for steam injection from wells to
be effective, a combination of mining and steam
injection has been developed, with injection
wells emplaced from within the mine tunnel, the
oil being recovered by gravity drainage.

Most production schemes for both extra-
heavy oil and natural bitumen entail the
incorporation of upgrading facilities at or near
the production sites. The benefit is the
simplification of pipeline movement of the
upgraded oil.

Upgrading and Refining

Two fundamental upgrading processes are
presently employed to prepare heavy oil and
natural bitumen for transportation and refining to
finished products. These processes are carbon
rejection and hydrogen addition. Each process
improves the hydrogen-to-carbon ratio but by
following different paths. Carbon rejection, such
as Flexicoking, yields a large quantity of low-
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Btu gas at the expense of produced liquids,
a large amount of petroleum coke, and therefore
moderate conversion at low pressure. A hydro-
gen addition process, such as VEBA-Combi-
Cracking (VCC) heats the raw material under
pressure, the resulting gas being combined with
added hydrogen to maximise liquids yield
through high conversion. High conversion
carries an economic penalty because of the
cost of the added hydrogen and the high
pressures required. The choice, therefore, is
economic, being related to demand for the
resulting products.

The yield of upgraded oil (synthetic crude
oil) from the natural bitumen, based on the
Alberta experience, varies with the technology
employed, the consumption of product for fuel in
the upgrader, the extent of natural gas liquids
recovery, and the degree of residue upgrading.
The Canadian company Suncor uses delayed
coking for a yield of 0.81, whereas Syncrude
(another Canadian company) obtains a yield of
0.85 through fluid coking combined with hydro-
cracking. The expected yield for the Albian
Sands sub-project of the Shell/Chevron/Western
Athabasca Oil Sands Project is 0.90, using
hydrocracking.
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Type Company Project Sub-project Initial Supply
production (tonnesl/year)
(bid)

Orimulsion PDVSA Bitor South Korea Orimulsion (2003 actual) 300 000
PDVSA Bitor South Korea Orimulsion (design) 2000 000
PDVSA Bitor Singapore Orimulsion (signed)

PDVSA Bitor ltaly Orimulsion (signed)
PDVSA Bitor China Orimulsion (signed)
PDVSA Bitor Canada Orimulsion (agreed)
PDVSA Bitor Thailand Orimulsion (proposed)
PDVSA Bitor Philippines Orimulsion (proposed)

Extra-heavy oil ConocoPhillips/PDVSA Petrozuata Produce, transport, upgrade (2003) 120 000
ExxonMobil/PDVSA/Veba Cerro Negro Produce, transport, upgrade (2003) 121 000
TotalFinaEIffPDVSA/Statoil Sincor Produce, transport, upgrade (design) 200 000
ConocoPhillips/ChevronTexaco/ Hamaca Produce, transport, upgrade (2003) 85 000
PDVSA
Ameriven (ARCO/PDVSA/ Hamaca Produce, transport, upgrade (2003) 41000
ConocoPhiliips/ChevronTexaco)

Ameriven Hamaca Produce, transport, upgrade (design) 165 000

FIGURE 4.4 Venezuelan Extra-Heavy Oil Projects.
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Conclusions

The recoverable volumes of oil contained in
deposits of extra-heavy oil and natural bitumen
are immense. If oil in place for conventional oil
is estimated to be about three times original
reserves, then remaining oil in place, after
deduction of cumulative production, is about
4 925 billion barrels. On the same basis, the
remaining oil in place in Venezuela’s Orinoco
Oil Belt is about 1 968 billion barrels, plus 235
billion barrels of contingent resources, and, in
northern Alberta, Canada, an additional 1 455
billion barrels of natural bitumen plus 917
billion barrels of bitumen in place in the less
well known carbonate deposits. Future deposits

on the scale of the Orinoco Oil Belt are not
expected but additional exploitable natural bitu-
men deposits are known in the Russian Federa-
tion, the United States, and elsewhere.
Relatively small portions of the two major
deposits are currently being produced, with this
production increasing annually. New technol-
ogies have allowed production rates comparable
to those of conventional oil reservoirs. Major
cost-reduction breakthroughs in upgrading,
transportation, and refining are enhancing the
movement of these hydrocarbons into main-
stream world oil supply.
Richard F. Meyer
Emil Attanasi
US Geological Survey
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DEFINITIONS

In Tables 4.1 and 4.2 the following definitions
apply:

Original oil in place: Discovered original oil in
place.

Reserves: Those amounts of oil commonly
reported as reserves or probable reserves,
generally with no further distinction; only
in Canada are reserves reported separately
as recoverable by primary or enhanced
methods. Russian A, B, and C; reserves are
included here. The term reserve generally
refers to quantities of petroleum that are anti-
cipated to be recoverable from known
accumulations.

Contingent resources: Quantities of petroleum
estimated to be potentially recoverable from
known accumulations but not commercially
recoverable at the time of reporting, includ-
ing, in Russia, C, deposits.

Undiscovered original oil in place: The
original oil in place in undiscovered deposits.
This category also includes material that is
identified but is too poorly known to be
considered as discovered.

Prospective resources: Quantities of petroleum
potentially recoverable from undiscovered
deposits. This category includes some oil
categorised by the authors as possible, specu-
lative, undiscovered recoverable or, in Russia,
C3, Dl, and D2.

Original reserves: Reserves plus cumulative
production. This category includes oil that

is frequently reported as estimated ultimate
recovery, particularly in the case of new
discoveries.

Cumulative production: Total of production to
latest date.

Annual production: Production for latest year
reported.

Conventional oil: API gravity above 25°
(density below 0.904 g/cm?).

Medium oil: API gravity 20-25° (density
0.934-0.904 g/cm”).

Heavy oil: API gravity 10-20° (density 0.934—
1.000 g/cm?).

Extra-heavy oil: API gravity below 10° (density
above 1.000 g/cm’).

Natural bitumen: Dynamic viscosity above
10 000 mPa s. (Natural bitumen is immobile
in the reservoir. Because of lateral variations
in chemistry as well as in depth, and there-
fore temperature, many reservoirs contain
both extra-heavy oil, and occasionally heavy
oil, in addition to natural bitumen).

Oil Field: A geographic area below which are
one or more discrete reservoirs from
which petroleum is produced. Each reser-
voir may be comprised of one or more
zones, the production from which is com-
mingled. The production of the reservoirs
themselves may be commingled, in which
case production and related data cannot be
distinguished. This is a vexing problem if
one or more of the reservoirs contains
heavy or extra-heavy oil and others, med-
ium or light oil.
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Table Notes the literature combined with available databases,
and suggest (but do not define) the resource
The data in the tables are largely estimates by volumes that could someday be of commercial

Richard Meyer of the US Geological Survey. interest.
They have been based upon a detailed review of
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TABLE 4.1

Natural Bitumen: resources, reserves and production at end-2002

Fields Reservoir Original Prospective Original oil in Cumulative ~ Reserves  Original ~ Contingent ~ Annual oil
(number) depth oil in place— resources place— oil (million  reserves resources production
(average, m) undiscovered (million discovered production barrels) (million (million (million
(million barrels) barrels) (million barrels) (million barrels) barrels) barrels)
barrels)
Angola 2 4511 465 465
Congo (Brazzaville) 1 214 6 6
Congo (Dem. Rep.) 1 600 30 30
Madagascar 1 10 1750 221 221 192
Nigeria 1 32 580 421 124 574 574 41 538
Total Africa 6 32 580 428 199 1 296 1 296 41 730
Canada 18 329 917 141 1 633 307 3591 174 951 178 542 258 220 271
USA 85 89 19 775 42 119 64 64 148
Total N. America 103 936 916 1 675 426 3 655 174 951 178 606 258 368 271
Peru 1 132
Trinidad & Tobago 16 1127 67 N
Venezuela 1 62
Total S. America 18 1321 67 N
Azerbaijan 3 90 <1 <1
China 4 2 1593
Georgia 1 630 3 3
Indonesia 1 8912 24 422 446 3
Kazakhstan 6 36 252 922 42 009 42 009
Total Asia 15 264 147 24 42 434 42 458 3
Germany 1 250 220 <1 <1
Italy 1 1260 210 210
Russian Federation 36 116 51 345 10 650 202 087 14 28 386 28 400
Switzerland 1 10
Total Europe 39 51 345 10 650 203 577 14 28 596 28 610

(continued on next page)
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TABLE 4.1 (Continued)

Fields Reservoir Original Prospective Original oil in Cumulative  Reserves  Original ~ Contingent  Annual oil
(number) depth oil in place— resources place— oil (million reserves resources production
(average, m) undiscovered (million discovered production barrels) (million (million (million
(million barrels) barrels) (million barrels) (million barrels) barrels) barrels)
barrels)
Bahrain 1 320
Syria (Arab Republic) 1 13 1 1
Total Middle East 2 333 1 1
Total World 183 1 020 841 10 650 2 573 003 3 693 247 277 250 970 300 166 275
Source: R.F. Meyer, US Geological Survey.
TABLE 4.2
Extra-Heavy Oil: resources, reserves and production at end-2002
Fields Of which: Reservoir Original oil in ~ Cumulative oil Reserves Original Contingent Annual oil
(number) fields depth place— production (million reserves resources production
offshore (average, m) discovered (million barrels) (million (million (million
(number) (million barrels) barrels) barrels) barrels)
barrels)
Egypt (Arab Rep.) 1 594 500 <1 50 50 <1
Total Africa 1 500 <1 50 50 <1
Canada 5 916
Mexico 2 2 499 60 5 1 6 <1
USA 41 1 2 101 2 801 175 16 191
Total N. America 48 1 2 861 180 17 197 1
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Fields Of which: Reservoir Original oil in ~ Cumulative oil Reserves Original Contingent Annual oil
(number) fields depth place— production (million reserves resources production
offshore (average, m) discovered (million barrels) (million (million (million
(number) (million barrels) barrels) barrels) barrels)
barrels)
Colombia 1 2335 145 9 16 25 2
Cuba 1 1 1 500 960 27 50 77 2
Ecuador 3 2 462 438 30 25 54
Peru 2 2 956 66 15 5 20 2
Trinidad & Tob. 1 76 300
Venezuela 1 341 2 027 271 12 026 47 218 59 244 235 440 181
Total S. America 8 1 2029 180 12 107 47 314 59 420 235 440 187
China 1 600 1 500 137 463 600
Indonesia 1 169 <1 <1 <1
Uzbekistan 1
Total Asia 3 1500 137 463 600
Albania 3 1176 2174 179 83 261 4
Italy 14 6 2219 2 371 152 81 234 4
Poland 2 767 12
Russian Federation 6 1716
United Kingdom 2 2 1562 2 428 918 96 1014 9
Total Europe 27 8 6 985 1249 260 1509 16
Iran (Islamic Republic) 2 1 871 23 030 250 250
Iraq 1
Israel 1 1551 <1 <1 <1 <1 <1
Total Middle East 4 1 23 030 <1 250 250 <1
Total World 91 11 2 064 056 13 674 48 354 62 026 235 440 205

Source: R.F. Meyer, US Geological Survey.
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COUNTRY NOTES

The Country Notes on Natural Bitumen and
Extra-Heavy Oil have been compiled by the
commentary authors and the editors. Since 2001
there has been considerable activity on both the
Canadian and Venezuelan fronts.

In addition to material provided by the
commentary authors, information has been
drawn from the companies directly involved
with the resource extraction and from national
and governmental organisations. Recourse has
also been made to the papers given at the 7th
UNITAR International Conference on Heavy
Crude and Tar Sands (1998).

Albania

Three of Albania’s oil fields contain extra-
heavy oil, with perhaps 4 million barrels of
annual production. The fields lie in the Durres
Basin, a continental interior basin. In addition,
the Selenzza natural bitumen deposit lies in the
immediate area of the oil fields. This deposit, the
most extensive of European bitumen deposits,
contains an estimated 371 million barrels of
bitumen in place (Walters, 1974).

Angola

Two natural bitumen deposits are located in
the Cuanza Basin, Bengo Province. They contain
about 4.5 billion barrels of bitumen in place but
have not been worked as an energy source and
are not likely to be. When conventional oil
resources have been exhausted and the political
stability required for mining facilities is estab-
lished, exploitation could be an option.

Azerbaijan

The natural bitumen deposits are small and
will probably never serve as sources for energy.

106

They fall within the South Caspian Basin. The
best known of the three is Cheildag, near Baku
oil field, which has been reported frequently and
contains an estimated 24 million barrels of oil in
place (Walters, 1974).

Bahrain

One small natural bitumen deposit is found in
Bahrain. It lies within the enormously pro-
ductive Arabian Basin.

Canada

Resource information for Alberta bitumen
deposits is derived from Alberta Energy and
Utilities Board (2002), supplemented by esti-
mates of undiscovered resources for Peace River
(Harrison, 1984) and Athabasca (McPhee and
Ranger, 1998 and Harrison, 1984). The deposits
are found in Lower Cretaceous sandstones and in
the Mississippian and Devonian carbonates
unconformably overlain by the Lower Cretac-
eous. The oil sands occur along the up-dip edge
of the Western Canada Sedimentary Basin.

East of the Athabasca and Cold Lake
deposits, in Alberta and Saskatchewan, large
quantities of heavy and medium oil are found in
the Lower Cretaceous sandstones but occur-
rences of extra-heavy oil are few and of little
economic importance.

The data in Fig. 4.3, derived from the Alberta
Department of Energy (2003), represent oil
sands production, by company, for 2002. Many
of the companies are participants in major oil
sands projects, as shown by their percentage
shares in the projects. The projected future
production from the projects appears as the
target production for the target year.

Substantial production in the Athabasca in-
situ and Cold Lake areas is primary. This
bitumen is of sufficiently low viscosity to
permit it to flow, albeit with two to three
times the amount of sand accompanying heavy
oil production. Most primary production is
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outside the oil sands projects and much of it
falls within the conventional royalty regime. On
the other hand, nearly all the oil sands project
production falls within the oil sands royalty
regime, permitting low royalties until capital
costs are recovered. Of the oil sands royalty
production, 65.5% is from mining projects,
22.8% from in situ, thermally assisted projects,
and 11.7% is primary.

If all the currently proposed and approved
projects move forward, production from oil
sands would be about 3 million barrels per day
in 2012. This amount would be supplemented by
projects presently on hold, by new projects, and
by continued primary production.

The National Energy Board (NEB) distin-
guishes between two types of non-conventional
oil obtained from deposits of oil sands, defining
them as follows:

e Bitumen (also known as crude bitumen)—
‘a naturally occurring viscous mixture, mainly
of hydrocarbons heavier than pentanes that
may contain sulphur compounds and other
minerals, and that in its natural viscous state is
not recoverable at a commercial rate through a
well’.

e Upgraded Crude Oil (also known as synthetic
crude)— ‘a mixture of hydrocarbons similar to
light crude oil derived by upgrading oil sands
bitumen’.

Canada’s ‘original reserves’ (corresponding
to NEB’s ‘initial established reserves’) of oil
sands bitumen are given in Table 4.1 as 178.5
billion barrels, of which ‘cumulative production’
is about 3 600 million barrels. Only some 11%
of the ‘original oil in place discovered’ is
regarded as recoverable.

Within these huge resources, the ‘remaining
established reserves’ (representing only ‘those
recoverable from developed experimental/
demonstration and commercial projects’) at
end-2002 have been assessed by the Canadian
Association of Petroleum Producers (CAPP) as
775.6 million m® of mining-integrated SCO
and 321.7 million m® of in situ bitumen.

Although the existence of oil sands deposits
was noted in the 18th century, it was not until
1875 that a complete survey was undertaken and
it was the 20th century before exploitation was
embarked upon. The deposits range from being
several hundred metres below ground to surface
outcroppings. The extraction of bitumen from
the oil sands was initially based on surface-
mining but in situ techniques became necessary
in order to reach the deeper deposits.

There was much experimentation with oil
sands technology in the first half of the 20th
century but it was not until the effects of the
economic climate of the 1950s and early 1960s
began to be felt that commercial development
became viable. The Government of Alberta’s oil
sands development policy was announced in 1962.

There are now many different oil sands
projects, both mining and in situ, at different
stages of development. The following are the
main ventures:

Suncor: control of the Great Canadian Oil
Sands (GCOS) project passed to Sun Oil
Company in 1963 and in 1967 the world’s first
integrated oil sands production and upgrading
plant was started up by Suncor (formerly Sun
Oil). Suncor’s area of operation, 40 km north
of Fort McMurray, is within the Athabasca
deposits. The processing capability of the
original Oil Sands Plant has been steadily
increased so that by 2002 production had
reached a record average of 205 800 b/d. Sales
in 2002 amounted to 104.7 tb/d light sweet crude
oil, 23.0 tb/d diesel, 68.3 tb/d of light sour crude
oil and 9.3 tb/d bitumen.

At the beginning of 1999 the company
announced its ‘Project Millennium’, a phased
series of expansions to the Steepbank mine (on
the opposite side of the Athabasca River), adding
bitumen extraction plants and increasing upgra-
der capacity. December 2001 saw the project,
with a design capacity of 225 000 b/d, move
from construction to production.

In early 2000, the establishment of a four-
stage in-situ project at Firebag (40 km north-east
of the Oil Sands Plant) was announced. The first
stage is on schedule and is expected to begin
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commercial bitumen production in 2004.
By mid-2005 it is intended that full production
from the first stage will be 35 000 b/d of
bitumen. It is planned that the first stage of
Firebag, in conjunction with the further devel-
opment of the upgrading facility, will result in
Suncor  production capacity reaching
260 000 b/d in 2005. In February 2003 it was
reported that development of the second stage
was underway and, on completion of all four
stages, Firebag’s combined bitumen production
potential will be 140 000 b/d.

Suncor’s plan is to increase overall pro-
duction capacity to 500 000-550 000 b/d in
2010-2012. To this end the company
announced (in late 2001) its multi-phased
Voyageur growth strategy encompassing the
Firebag project. Details of the first phase,
released in April 2003, stated that the increased
production capacity would reach 330 000 b/d
by late-2007.

To achieve greater sustainability whilst
vastly reducing the impact on the environment,
Suncor is employing Steam Assisted Gravity
Drainage (SAGD) technology. SAGD uses
underground wells to inject steam into the oil
sands deposits thereby collecting the bitumen
released by heat. Additionally, all water used
in the Firebag project will be recycled. To
enable the impact on the environment to be
reduced even further, Suncor is investigating
ways in which CO, and light hydrocarbons
could be injected into the deposits in order to
decrease emissions and achieve a reduction in
the quantities of natural gas used to generate
steam. Another possibility being studied is the
use of the in situ reservoir as a permanent
repository for GHG.

Syncrude: is a joint venture with eight
participants: Imperial (a subsidiary of Exxon-
Mobil, with a 25% holding), Mocal, Murphy,
Nexen, ConocoPhillips, Petro-Canada, EnCana
and Canadian QOil Sands Trust (COS-Trust—
which became the majority shareholder in early
2003). As at October 2003, COS-Trust had a
35.49% share. Imperial Oil operates the
Lake Mildred plant, also 40 km north of Fort
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McMurray. Production began in 1978 and, using
open-pit mining methods, the shallow deposits
are recovered for bitumen extraction and for the
production of an upgraded light sweet crude oil
(Syncrude Sweet Blend® or SSB). SSB pos-
sesses no residual bottoms and at the present
time the crude is rated with the lowest sulphur
content in North America. In 2002 Syncrude
shipped 83.8 million barrels of SSB.

Syncrude 21, an expansion project launched
in 1996, is designed to take production in five
stages to 200 million barrels per year by 2013—
2015.

Stages 1 and 2 have been completed, bring-
ing production from 73.5 million barrels/yr in
1996 to 81.4 million barrels/yr in 1999 and then
to 94 million barrels/yr by 2001. Stage 2
included the start-up of the Aurora mine—a
35 km extension from Lake Mildred that began
operating in July 2000. The mine’s output is
partially processed on-site and then pipelined
(using hydrotransport technology) to the upgra-
der for further treatment.

Stage 3 (2001-2005) is currently underway.
It is planned that the design capacity will be
increased to 128 million barrels/yr by 2005. A
second bitumen production train at the Aurora
mine, scheduled for completion in the fourth
quarter 2003, will feed the first phase of
expansion of the Lake Mildred upgrader (com-
pletion expected first quarter 2005).

Stage 4 (2006-2010) is planned first to
increase production to 150 million barrels/yr,
secondly to bring into operation a new production
train at Aurora South and thirdly to complete the
second phase of expansion to the Lake Mildred
upgrader. By 2010 processing facilities will also
have been upgraded to increase the yield and
quality obtained from the bitumen.

At end-2003 Stage 5 (2011-2015) was still
in a planning mode. It would involve the
addition of a new bitumen production train at
Aurora South and further upgrading of the Lake
Mildred plant.

Imperial: the Cold Lake oil sands deposits
area is operated by Imperial Oil. The company
began commercial development in 1983 and has
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since gradually expanded facilities in a series of
phases. The first 10 phases were completed by
1996 and in 2002 production of bitumen and
syncrude were 112 000 and 57 000 b/d,
respectively.

Regulatory approval for phases 11-13 was
sought in 1997, granted in 1999 and a decision
made to proceed taken in 2000. Production
began in late-2002, enabling an estimated
additional 30 000 b/d of crude bitumen to be
brought on line. In May 2003 it was reported that
production was averaging 140 000 b/d.

In 2002, Imperial sought approval for phases
14-16. If the necessary approval is granted and
market conditions are favourable enough to
allow development to occur, bitumen production
would again increase by 30 000 b/d in 2007. By
2010 production could reach 180 000 b/d.

The majority of Cold Lake production is
taken by US refineries, with some sent to the
heavy oil upgrader in Lloydminster (Saskatch-
ewan) and also to Imperial’s own refineries.

Imperial also plans to proceed with its Kearl
Oil Sands Project (some 70 km north of Fort
McMurray). Environmental surveys are being
undertaken and if the mine and upgrading
facilities are proceeded with, production could
reach 200 000 b/d.

Shell: Commercial production of Shell
Canada’s Peace River in situ deposits (North-
western Alberta) began in 1986. Bitumen pro-
duction capacity is set at approximately
12 000 b/d but during first half 2000, output
was running at only 4 300 b/d. Over the period
August 2001 -December 2002 Shell drilled 33
new production wells on four drilling pads using
horizontal cyclic steam technology and over the
first 10 months of 2003 was producing an average
of 9 700 b/d. Although the company is continu-
ing to assess the potential for future development,
it has not yet made a decision to enlarge the
project.

The Athabasca Oil Sands Project (AOSP), a
joint venture between Shell Canada (the majority
shareholder, with 60%), Chevron Canada and
Western Oil Sands will, on completion, be
capable of supplying 10% of Canada’s oil needs.

The project consists of two main com-
ponents: the Muskeg River Mine (75 km north
of Fort McMurray), operated by Albian Sands
Energy Inc. (a new company formed by the joint
venture) and the Scotford Upgrader (some
500 km south and adjacent to Shell’s Scotford
Refinery), operated by Shell.

The oil sands deposit at the Muskeg River
Mine is both close to the surface and contains a
high concentration of oil. The plant is designed
to produce 155 000b/d of bitumen. Using
hydrogen-addition technology to upgrade the
high-viscosity bitumen, the Scotford Upgrader
will upgrade the extra-heavy oil into a range of
premium quality low-sulphur and low-viscosity
SCOs. These will be refined to make high quality
transport fuels and other products.

The Corridor Pipeline system connecting the
Mine to the Upgrader consists of 2 pipelines, one
capable of transporting 215 000 b/d of diluted
bitumen and one capable of transporting
65 000 b/d of diluent back to the Mine for re-use.

Construction of the Mine was completed in
mid-2002; the Pipeline followed during third
quarter 2002, the Upgrader being completed
during fourth quarter 2002. Production of bitu-
men began in December 2002. Development of
the project continued throughout 2003 as Trains
1 and 2 of the Mine were brought into service
during the first half of the year. Trains 1 and 2 of
the Scotford Upgrader took delivery of the
bitumen and production of SCO began. By
June 2003 all facilities at both Mine and
Upgrader were fully operational. Production
during third quarter 2003 averaged 115 000 b/d
as the project moved towards achieving the
design capacity of 155 000 b/d.

It has been reported that a possible expansion
of the Muskeg River plant to 250 000 b/d could
occur in 2006—2007. The application for regu-
latory approval of the 200 000 b/d Jackpine Mine
submitted by Shell Canada on behalf of the joint
venture owners was completed in October 2003.
It has been reported that the Mine could
ultimately be expanded to 300 000 b/d.

Phase 1 of Jackpine, east of the Muskeg
River Mine, would have the capacity to
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produce in the region of 200 000 b/d of bitu-
men. Phase 2 would access further reserves
enabling capacity to increase by 100 000 b/d. If
the plan is adhered to, the timescale for startup
production from the Jackpine Mine is estimated
as 2008-2010.

Petro-Canada: the first oil from Petro-
Canada’s in-situ MacKay River development
was produced in fourth quarter 2002. It is
expected that full production will be attained
by end-2003 at a rate of 30 000 b/d. There are
further development opportunities at Meadow
Creek (45 km south of Fort McMurray), which
could be commissioned and started up during
2006. A decision on whether to proceed,
together with a decision regarding the upgrading
of the company’s Strathcona refinery in Edmon-
ton, are expected by end-2003.

EnCana: currently has two oil sands projects:
the in-situ Foster Creek Thermal Project and a
pilot plant at the Christina Lake Thermal Project.

Foster Creek was producing an average of
about 22 000 b/d in third quarter 2003. It is
planned that within Phase 1 production will be
increased to about 30 000 b/d in 2004. Follow-
ing construction of Phase 2, production would be
further increased by 2006 resulting in a capacity
of 100 000 b/d. In May 2003 the Foster Creek
co-generation plant began delivering electricity
into the Albertan power system.

The first phase of the Christina Lake pilot
project is producing about 3500 b/d using
SAGD technology. The design capacity of the
project is 10000 b/d. EnCana carries out evalu-
ation and development methods to aid pro-
duction and to this end has recently applied to
use solvent aided process (SAP), an enhance-
ment to SAGD, in which viscosity can be
lowered.

ConocoPhillips: regulatory approval has
been granted for ConocoPhillips to develop
and operate its Surmont in situ oil sands deposit.
If the project proceeds, it is planned that
production could begin in 2006 and ultimately
reach 100000 b/d.

Jacos: approximately 50 km southwest of
Fort McMurray lies the Japan Canada Oil Sands
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(JACOS)-operated SAGD pilot plant at Hang-
ingstone lease. Phase 1 of the demonstration
project started producing in 1999 with Phases 2
and 3 following in 2000 and 2002 respectively.
By end-2002 production had reached
10 000 b/d. If it is decided to develop a
commercial SAGD plant, production could be
expected to be up to 50 000 b/d and to begin by
late 2005.

Opti Canada (a member of the ORMAT
group) and Nexen, its joint-venture partner
(50/50), are developing the Long Lake Project
(about 40 km southeast of Fort McMurray). The
initial application for approval was for a
70 000 b/d bitumen extraction and upgrader
plant. This was subsequently amended to include
an additional 70 000 b/d of upgrading capacity.
Since April 2001 a 500 b/d demonstration
upgrader (near Cold Lake) has been successfully
operating. However, the plan is for commercial
production to begin in 2006 and the upgrader to
come into operation the following year. This will
then represent the first integrated SAGD and
field upgrading operation: the bitumen pro-
duction will be sent to Opti Canada’s proprietary
OrCrude™ process where it will be partially
upgraded. In addition, the liquid asphaltenes
concurrently produced will be sent to a gasifier
and converted into a synthetic hydrogen-rich
gas. The separated hydrogen will be utilised in a
hydrocracker, completing the upgrading of the
bitumen into a high-grade synthetic oil. The
remaining syngas will be used for power
generation, thus ensuring almost complete
power self-sufficiency.

TrueNorth: as operator, TrueNorth was
granted approval to develop the Fort Hills
Project located about 90 km north of Fort
McMurray. The application was for bitumen
production of up to 235 000 b/d. However, as at
end-2003 development has been deferred and it
has been reported that an amended application
for a smaller plant was being considered.

Canadian Natural Resources (CNRL): Prim-
rose/Wolf Lake in-situ Oil Expansion Project
was granted permission during 2002 to
expand the current production of 40 000 b/d to
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more than 120 000 b/d. The first stage of
expansion, beginning in 2003, will take place
over a period of 15-20 years, as deemed
economically viable.

An application has been made for CNRL’s
Horizon Oil Sands Project. It is a multi-phase
5-year project that includes a mine and inte-
grated upgrader. The first synthetic oil pro-
duction (at a rate of 110 000 b/d) is planned for
first-half 2008. By 2010 an additional 45 000 b/d
SCO would be added and by 2012, production
would be in excess of 230 000 b/d. CNRL is
currently developing ancillary facilities.

Fort McKay First Nation: although the
35 000 b/d Fort McKay First Nation oil sands
project has been publicly debated, no firm details
have emerged for its development.

Devon Energy: if Devon Energy’s appli-
cation for its Jackfish SAGD Project (October
2003) is approved, then the 35 000 b/d (design
capacity) plant (located near Conklin) could
produce its first oil in 2006/2007. As with many
other oil sands operators, Devon is undertaking
technological research in order to reduce the
quantity of natural gas (and thus CO,) required
during conventional SAGD operations. In this
instance Vapex technology, using vaporised
solvents in place of steam to extract the in-situ
oil, is being employed.

Synenco’s Northern Lights Project. located
northeast of Fort McMurray, is planned to be an
integrated plant incorporating mining, bitumen
extraction and upgrading. During 2003 devel-
opment of plans for the 100 000 b/d, 41° API
SCO plant continued. It has been reported that
the anticipated start-up date is 2008.

Husky Energy is involved with two in-situ oil
sands projects: the Kearl Project and the Tucker
Thermal Project. A third property, Caribou, is
not currently being developed.

It is estimated that the Kearl Project will first
produce 50000 b/d during 2006/2007, followed
by staged, incremental expansions of
50 000 b/d. By 2012 total production is expected
to be between 100 000 and 150 000 b/d.

If the Tucker Thermal Project is approved,
construction could begin in 2004, with commer-

cial production of around 30 000 b/d by
2005/2006.

Deer Creek: Phase 1 of the Joslyn Oil Sands
Project is currently being constructed by Deer
Creek Energy. It is anticipated that start-up of
Phase 1 of the SAGD plant will occur in 2004,
with full production of 600 b/d in 2005. If Phase
2 receives approval, it is expected that construc-
tion to raise production to 10 000 b/d will begin
in 2004, start up in 2006 and full production in
2007. Further phases could add up to 60 000 b/d
by 2012.

BlackRock is the operator of the Hilda Lake
(Orion) Project. The company has successfully
operated a 5-year SAGD pilot project and has
now applied for approval of the commercial
development of the deposit. This would involve
an expansion in production to 20 000 b/d.

Of the Canadian total synthetic and bitumen
production, the former contributes approxi-
mately 59% and the latter 41%. Together they
represent some 26% of Canada’s total pro-
duction of crude oil and NGL (as at end-2002).

China

A small amount of extra-heavy oil is
present in one field, Liaohe Shuguang, in the
Huabei Basin. Four natural bitumen deposits
have been identified in the Junggar Basin with
resources of about 1.6 billion barrels of bitu-
men in place.

Colombia

The basins of Colombia are rich in heavy oil
but extra-heavy oil is identified in only a single
field. Numerous oil seepages and small deposits
of natural bitumen, especially in the Middle and
Upper Magdalena Basins, also characterise the
country. None of these deposits appears to be
sufficiently large to be of economic importance
as a source for synthetic oil.
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Congo (Brazzaville)

Heavy oil is found in reservoirs offshore
Congo but no extra-heavy oil is known. The
natural bitumen deposit at Lake Kitina in the
Cabinda Basin has been exploited as road
material.

Congo (Democratic Republic)

A natural bitumen deposit occurs in the
Democratic Republic of Congo, in the Cabinda
Basin near the border with Cabinda. It has served
as a source of road material, with nearly
4 000 metric tons having been extracted in
1958. This deposit is not likely to become a
source of synthetic oil.

Ecuador

Ecuador is endowed with large amounts of
heavy oil but only a small amount, all in the
Oriente Basin, is extra-heavy. Natural bitumen is
restricted to scattered oil seepages.

Egypt (Arab Republic)

Many fields containing heavy oil are found in
Egypt but very little of this is extra-heavy.
Georgia

The only significant natural bitumen deposit
in Georgia is in the South Caspian basin, at
Natanebi. Neither heavy nor extra-heavy oil are
known in Georgia, although conventional oil has
been produced there for more than a century.

Germany

Heavy oil is produced from many fields in
Germany but extra-heavy oil has not been
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reported. Extremely viscous natural bitumen is
present in the Nordhorn deposit, in the North-
west German basin.

Indonesia

In Indonesia a very small amount of extra-
heavy oil is reported from a single reservoir in
the east Java Basin, although many fields
produce heavy oil. Natural bitumen occurs in
the well-known Buton Island deposit. This has
long been utilised as a source of road asphalt.

Iran (Islamic Republic)

Two fields in Iran contain extra-heavy oil,
one (F-Structure) being an offshore discovery.
The other, Kuh-e-Mund, was discovered in 1931
and was still producing fifty years later. A
number of Iranian fields produce heavy oil.

Iraq

Oil seepages have been known and utilised in
Iraq throughout historical times, but are insuffi-
cient to serve as sources of synthetic oil.
Although heavy oil fields are productive in the
country, very little extra-heavy oil is present.

Israel

Little more than a trace amount of extra-
heavy oil is known from Israel. Natural bitumen
occurs only as the Dead Sea asphalt, blocks of
which occasionally rise to the surface.

Italy

The 234 million barrels of original reserves
of extra-heavy oil in Italy have evolved in four
separate basins, similar geologically to the
Durres basin of Albania. Most important of
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these is the Caltanisetta Basin, mostly offshore
and including the Gela field. These basins are all
found in the foredeep portion of the basins,
where the sediments are thickest and most
structurally disturbed. The viscous nature of
the oil, the offshore situation, and the limited
resources create enormous problems in the
exploitation of these fields.

Kazakhstan

Although Kazakhstan possesses large
resources of conventional and heavy oil, it
contains little if any extra-heavy oil. It does
have significant resources of natural bitumen
(Table 4.1) in the North Caspian Basin. As with
nearly all the large natural bitumen deposits, the
geological setting, like that of the Western
Canada Sedimentary Basin, is conducive to the
development of natural bitumen. In the light of
the very large resources of conventional oil and
natural gas in this country, exploitation of the
bitumen as a source of synthetic oil is unlikely in
the foreseeable future.

Madagascar

Bemolanga is the only natural bitumen
deposit in Madagascar. It is large, but attempts
to produce it for synthetic oil have thus far
failed. A large heavy-oil deposit, Tsimiroro, has
similarly been the subject of a number of
unsuccessful production tests, but no extra-
heavy oil is present in the country.

Mexico

Mexico, with numerous heavy oil fields,
includes very few extra-heavy oil reservoirs. The
latter are small in resources and production. Oil
seepages are common in the country but no large
natural bitumen deposits are present.

Nigeria

Natural bitumen in place possibly totalling as
much as 450 billion barrels is located in
southwestern Nigeria, in the Ghana Basin. This
extensive deposit has not yet been evaluated as a
source of synthetic oil and its exploitation will
no doubt be delayed as long as Nigeria is a
leading producer of conventional oil.

Peru

Peru contains numerous heavy oil deposits,
mostly in the Oriente Basin. However, its extra-
heavy oil and natural bitumen deposits are small
and of little economic impact.

Poland

The two extra-heavy oil reservoirs of Poland
are of little interest. They are very marginal
quantitatively.

Russian Federation

Extra-heavy oil has been identified in the
Russian Federation in small amounts in the
Volga-Urals and North Caucasus-Mangyshlak
Basins. As is the case with many countries,
accurate and timely data are insufficient for
making estimates.

Information on natural bitumen deposits
indicates that very large resources are present
in Eastern Siberia in the Lena-Tunguska basin.
This is harsh terrain and only the Olenek deposit
has been studied in sufficient detail to permit an
estimation of discovered bitumen in place. The
Siligir deposit has been frequently cited in
reports of world bitumen deposits, but the origin
of the primary source for these citations is
unknown. It may be assumed that the estimate of
more than 51 billion barrels for the basin is
conservative. This area is so remote, and
Russia’s conventional oil and gas resources so
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great, that it is unlikely that attempts will be
made in the near future to exploit this natural
bitumen. Most of the other Russian bitumen
deposits are located in the Timan-Pechora and
Volga-Urals Basins, which are geologically
analogous to the Western Canada Sedimentary
Basin. However, these deposits are scattered and
the recoverable portions are not quantitatively
large. The deposits in the Tatar Republic have
been studied extensively and efforts to exploit
them may be conducted in the future.

Switzerland

The Val de Travers natural bitumen deposit
in Switzerland is small but representative of
many such occurrences in Western European
countries. Most of these have been known for
centuries and a few have been mined, mainly for
road material. Asphalt was mined at Travers
from 1712 until 1986.

Syria (Arab Republic)

The Babenna natural bitumen in Syria has
been mined for many years. It is one of many
such deposits throughout the Middle East, those
in Syria and Iraq being especially prominent
since antiquity. They are of little interest as
synthetic oil sources. Syria’s annual output of
natural bitumen has been 110—120 thousand
tonnes in recent years.

Trinidad & Tobago

Trinidad and Tobago is rich in heavy oil but
only a small amount of it, perhaps 300 million
barrels of oil in place, is extra-heavy. The
country has more than 1.1 billion barrels of oil in
place in natural bitumen deposits, including
Asphalt (Pitch) Lake. All these deposits are
located in the Southern Basin, which is small,
strongly faulted, but highly productive.
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Asphalt (Pitch) Lake, at La Brea, contains a
semi-solid emulsion of soluble bitumen, mineral
matter, and other minor constituents (mainly
water), and has been mined, mostly for use as
road surfacing material, since at least 1815. The
Lake contains 60 million barrels of bitumen, a
sufficient supply for the foreseeable future.

Lake Asphalt of Trinidad and Tobago (1978)
Ltd (TLA), a state-owned company, produces
between 10 000 and 15 000 metric tons per year,
most of which is exported. In combination with
asphalt from refined crude oil, the product is
used for road construction. In addition, it can be
used in a range of paints and coatings and for
making cationic bitumen emulsions. Production
of these emulsions of bitumen, water, and soap
began in late 1996 and the emulsions are now
used widely throughout the industrialised world
in place of solvent-based bitumen emulsions.

United Kingdom

The United Kingdom has two offshore extra-
heavy oil deposits. One is a discovery in the
West of Shetlands Basin, for which few data are
available. The other is the producing Piper field
in the North Sea Graben, which contains oil
between 8.7 and 37° API gravity.

United States of America

The United States was endowed with very
large petroleum resources, which are to be found
in nearly all the various types of geological
basins. The resources of extra-heavy oil and
natural bitumen are likewise distributed in
numerous geological settings, but the amounts
in each are strikingly different.

More than 98% of the extra-heavy oil is
found in basins which evolved along the rift-
faulted, convergent continental margin of Cali-
fornia. The island arcs which originally trapped
the sediments against the land mass to the east
have been destroyed.
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About 73% of the undiscovered and poorly
known natural bitumen in place and 80% of that
in discovered deposits has accumulated in
deposits of the Western Canada type, reflecting
the fact that such basins possess ideal conditions
for occurrences of degraded oil.

Distillation of oil from Casmalia tar sands in
California was attempted in 1923. Many tar
sands deposits in the United States have served
as sources of road asphalt, but this industry
disappeared with the advent of manufactured
asphalt tailor-made from refinery stills.

A 1985 review (Marchant, 1988), with tar
sands defined as reservoirs containing oil with a
minimum viscosity of 10 000 cP, listed 43
projects, down from 52 in 1984. The projects
included 34 in-situ and 9 mining and plant
extraction. Marchant’s review used as a mining
criterion a ratio of overburden to reservoir
thickness of less than one. On this basis only
about 15% of the US natural bitumen resource
would qualify.

In October 2003 the US House of Represen-
tatives approved a measure to remove certain
leasing uncertainties relative to tar sands. In
effect the bill would separate tar sands leases
from oil and gas leases covering the same areas
(Oil & Gas Journal Online, 2003, November 19).
The objective is to revive tar sands exploitation,
which has essentially ceased since the mid-1980s.

Uzbekistan

A single occurrence of extra-heavy oil is
reported from the Khaudag deposit in the Amu
Daria Basin. Its size is unknown.

Venezuela

A certain amount of extra-heavy oil is found
in the Maracaibo Basin but the resources of
worldwide significance lie in the Orinoco Oil
Belt along the southern, up-dip edge of the
Eastern Venezuela Basin.

One natural bitumen deposit, Guanoco Lake,
is found near the Caribbean coast, on the north

side of the Eastern Venezuela Basin. Wells
drilled in its vicinity failed to discover recover-
able oil resources. The deposit has been
estimated to contain 62 million barrels of oil in
place (Walters, 1974).

Four joint ventures for the exploitation of
extra-heavy crude have been approved and two
have been proposed. As of 2003, these projects
suggest future production of about 732 000
barrels per day but this does not indicate the
proposed production of all at maturity. All the
projects, in one way or another, involve
production, transportation, and upgrading
facilities. Petroleos de Venezuela (PDVSA),
the state oil company, has a minority interest in
all four.

e Initial production from the Petrozuata pro-
ject, a joint venture between ConocoPhillips
and PDVSA, began during the fourth quarter
of 1998. The project is designed to transport
extra-heavy oil (EHO) from the Zuata region
to the north coast where it is upgraded into a
19-26° API SCO.

Commercial operations began in April 2001
following the completion of a 120 000 b/d
upgrader. The resultant gasoil, LPG, sulphur
and petroleum coke are marketed whilst the
SCO is used as a feedstock for the Lake
Charles and Cardén refineries in the USA
and Venezuela respectively.

In the second quarter of 2003 it was reported
that production of EHO was averaging
130 000 b/d, yielding approximately
112 000 b/d of SCO.

e The Cerro Negro project, a joint venture
between ExxonMobil, PDVSA and Veba
Oel, has taken nearly 40 years to come to
fruition from the time the resource was first
identified. Initial production began in Novem-
ber 1999 and by end-June 2003 was averaging
more than 121 000 b/d of EHO.

The 8.5° API crude s first diluted with naphtha,
pumped to the upgrader (located at the port of
José on the north coast, completed August
2001) where it is converted to a 16° API crude
oil. The installed capacity of 120 000 b/d is
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capable of producing 108 000 b/d of upgraded
heavy crude, sulphur and coke. The heavy-sour
crude, especially well-suited for coking/high
conversion refineries which possess cat feed
hydrotreating, is refined at the ExxonMobil
Chalmette refinery in the USA.

In mid-2003 ExxonMobil announced that in
the short term it was planned to expand the
project by 10-20%, and in the long term to
double capacity.

e Following construction of the Sincor pro-
ject, a joint venture between TotalFinaElIf,
PDVSA and Statoil, commercial production
of SCO began in early 2002. The objective
of the project is to produce approximately
200 000 b/d of 8.5° API extra heavy oil,
creating a lighter crude (17° API) by means
of dilution, transporting it by pipeline to the
upgrader and converting it into 180 000 b/d
of 32° API low-sulphur crude for inter-
national marketing. In addition, about 860
tonnes per day of sulphur and 6000 tonnes
of coke are produced as by-products—the
former for pharmaceutical use and the latter
destined for the electric power industry.

o At the present time the Hamaca project is
undergoing development. It is a joint
venture between ConocoPhillips, Chevron-
Texaco and PDVSA and is designed to
upgrade up to 190 000 b/d EHO that will
produce approximately 180 000 b/d SCO for
export.

Drilling of development wells began in
January 2001 with production of EHO
beginning in the fourth quarter of that year.
By end-2001 production of the 8.7° API
crude was running at 35 000 b/d, being
blended with 30 000 b/d of lighter crudes
for the international market. During 2002 the
project exported in excess of 9 million
barrels of EHO and by year-end, the wells
were capable of producing 85 000 b/d EHO.
Construction of the heavy-oil upgrader, pipe-
lines and production facilities began in June
2000. Completion is scheduled for mid-2004
and thereafter it is expected that the 26° API
syncrude, intended for the US third-party
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market, will be produced in commercial
quantities.

In the early 1980s Intevep, the research
affiliate of the state oil company PDVSA,
developed a method of utilising some of the
hitherto untouched potential of Venezuela’s
extra-heavy oil/natural bitumen resource. Natural
bitumen (7.5-8.5° API) extracted from the
reservoir is emulsified with water (70% natural
bitumen, 30% water, <1% surfactants), the
resulting product being called Orimulsion®.
Orimulsion® can be pumped, stored, transported
and burnt under boilers using conventional
equipment with only minor modifications. Initial
tests were conducted in Japan, Canada and the UK
and exports began in 1988.

Orimulsion® is processed, shipped and
marketed by Bitimenes del Orinoco S.A.
(Bitor), a PDVSA subsidiary, but with the
fuel’s relatively high sulphur content and its
emission of particulates, Intevep continues to
seek improvements in its characteristics in order
to match increasingly strict international
environmental regulations. Bitor operates an
Orimulsion® plant at Morichal in Cerro Negro
with a capacity of 5.2 million tonnes per year.
The company hopes to produce 20 million
tonnes per year by 2006.

Following manufacture at the plant, the
Orimulsion® is transported by pipeline about
320 km to the José export terminal for shipment.
During the 1990s other markets were developed
and currently Barbados, Brazil, Canada, China,
Costa Rica, Denmark, Finland, Germany, Gua-
temala, Italy, Japan, Lithuania, Northern Ireland,
Philippines, Singapore, South Korea, Taiwan,
Thailand and Turkey either consume or are
considering consuming the product.

In addition to being used in conventional
power plants using steam turbines, Orimulsion®
can be used in diesel engines for power
generation, in cement plants, as a feedstock for
Integrated Gasification Combined Cycle and as a
‘reburning’ fuel (a method of reducing NO, by
staging combustion in the boiler).

During third quarter 2003, the Venezuelan
government announced that it intended to absorb
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Bitor’s operations into PDVSA East (one half of
the decentralised PDVSA). The uncertain cli-
mate generated by the Venezuelan economic
upheaval in 2002/2003 has resulted in a general

lack of information regarding PDVSA’s

activities.
Orimulsion
belonging to Bitumenes Orinoco S.A.

®

is a registered trademark
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Looking at the energy market over the next 10
years, the important question will be how to secure
new sources of energy to meet the needs of a
growing population. Hydrocarbons will continue
to be a major source of energy, and natural gas in
particular has a vital role to play in the energy mix
and in providing for long-term energy security.

Several factors will support the role of
natural gas:

e the progress of liberalisation on the world’s
gas markets;

¢ the development of technology that increases
the economic benefits;

e changing views of LNG investments due to
the integration and growth of leading energy
companies;

e the economic and environmental superiority
of natural gas in answering growing environ-
mental concerns.

As Lord Browne of Madingley stated in
his Keynote Address to the 22nd World Gas
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Conference in Tokyo, ‘Flexibility—in physical
and commercial terms—Iies at the heart of
what will be a new order in gas’. (see Pro-
ceedings of the 22nd World Gas Conference,
2003).

During the coming 30 years gas will become
the world’s most important energy source. It has
therefore now become an important political
issue worldwide. One of the consequences is that
strong political forces seek to make gas as cheap
as possible for consumers, through active
regulation of large areas of the gas business
and through the unbundling of gas companies.
On the other hand, this does not stop politicians,
especially in Europe, from heavily taxing
energy, not least gas, on the grounds of resource
management and environmental protection.

But the gas business is also being politicised
by those committed to climate and environmen-
tal protection. Likewise with the aid of regulat-
ory market intervention, they want to enable gas
to play a prominent part in transforming the
energy industry into one based on low-carbon
energy supplies. Both these political strategies
will have to be reconciled with the requirements
of long-term supply security, which can in the
final analysis only be achieved on the basis of
long-term supply contracts. The most prominent
project in the gas industry until now, namely the
development of the Troll gas field in the
Norwegian North Sea, would certainly not
have materialised on the basis of spot markets.
It is thus evident that the gas industry is exposed
worldwide, though with regional variations, to
contradictory demands and developments:

e the political demand that gas be made as
cheap as possible for customers;
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e the rising cost of implementing major new gas
projects and developing infrastructure;

e gas is assigned by politicians—especially in
Europe—the role of acting as a bridge on
the road to a less CO,-intensive energy
industry.

It is of paramount importance that the
opportunity that gas offers to decrease the
growth of CO, and other emissions be dissemi-
nated to policy makers all over the world. Since
natural gas produces the smallest amount of CO,
per kWh of all the fossil fuels, replacing coal and
oil by natural gas where economically possible,
notably in generating electricity, is a prime
necessity. In the long term, a decrease in CO,
emissions can be realised if CO, sequestration is
further developed.

There is little disagreement about the
desirability of gas taking on the role of fuel
of choice, notably during the ongoing century.
This creates a formidable challenge: it means
that the gas business will have to more than
double in size during the next 30—50 years and
that virtually all markets will need substantial
volumes of new gas supplies at competitive
prices.

Exploration and Production

To fulfil this increasing demand for natural
gas, it will be necessary for exploration to
move to deeper formations, deeper waters and
more remote areas, which are situated far
from the main gas-consuming regions. Devel-
opment of these fields will depend on new
advanced technologies and the market situ-
ation. Research and development on novel
exploration and production technologies will
certainly contribute to making the develop-
ment of such fields economically feasible in
the future.

For the reason mentioned above, unconven-
tional gas resources will acquire greater import-
ance. These attract more and more attention in
developed countries, due to the exhaustion of
conventional gas fields and the proximity of large
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unconventional gas resources. Gradual growth of
natural gas production costs has already led to the
development of some unconventional gas
resources (for example, gas from deep formations
or low-permeability reservoirs). Sometimes
resources previously considered as irrecoverable
are now being classed as proved reserves. Devel-
opment of unconventional gas sources such as
natural gas hydrates, dense gas-bearing reservoirs
and coal bed methane could provide humanity
with vast reserves of clean and environmentally
friendly energy for centuries.

Future exploration and production trends
will be strongly dependent on national economic
and political situations. Production cost trends
could be the most important indicator for
assessing the development of the future gas
upstream sector. The general overview of the
upstream gas activities presented in this com-
mentary shows the broad range and complex
nature of the technologies currently used in
exploration and production. A common feature
shared by these technologies is the fact that they
are in constant progress, with new developments
and innovations continually being reported. This
trend is expected to continue at a faster pace in
the future, stimulated by the need for better and
more efficient ways to overcome the challenges
waiting ahead and by the spectacular and rapid
progress taking place in related sciences and
technologies (see Proceedings of the 22nd World
Gas Conference, 2003).

In drilling, a major breakthrough took place
with the advent of horizontal wells, geo-steering
and real-time data acquisition, making it poss-
ible to navigate within a reservoir for accurate
placement of the drain and to achieve complex
multilateral architectures. New breakthroughs
will follow with innovations like expandable
tubular, allowing the drilling of mono diameter
wells, and casing drilling, allowing the use of
casing instead of drill pipe in drilling operations.

In seismic technology, 3D and powerful
work stations have opened up a new chapter in
exploration, development and production of
hydrocarbon fields and are expanding rapidly
all over the world. Refinements and new
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developments such as 4D, 3D amplitude versus
offset techniques, high resolution, well seismic,
etc. will make it one of the major technologies in
use far into the future.

Future trends in well and plant monitoring
are already apparent, with the emergence of
intelligent wells and plants, opening up new
perspectives in the real-time monitoring and
automation of field operations. In reservoir
engineering, advances in numerical simulation
coupled with the development of massive and
cheaper computer power have opened the way
for a new generation of numerical models with
millions of cells, whereas a decade ago models
with just a few thousand cells were considered a
great achievement. It is not unlikely that at this
pace models with hundreds of millions of cells
will be a reality in the not too distant future.
Although improvements in natural gas proces-
sing will be concerned mainly with costs and
energy efficiency, advances in some processes
(such as membrane technology) are expected.
Likewise continued progress in gas-to-liquids
(GTL) technology could bring new solutions for
the development of stranded gas reserves. Real-
time field data acquisition, processing and
dispatching to remote control centres through
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sophisticated data transmission systems and in
connections to the Web Network are promising
a new dimension in daily field operations
management and decision making.

A major trend that will keep expanding in
the future is the multidisciplinary approach,
integrating several interrelated technologies that
can be used in synergy to achieve a problem-
solving capacity and speed far beyond that of
the individual technologies used separately. An
example of such an approach could be the
integration of intelligent wells, reservoir and
surface facilities simulation models, 4D seismic,
real-time data acquisition and data transmission
systems. (Ter-Sarkisov, Proceedings of the 22nd
World Gas Conference, 2003).

Transmission from Source to Market

LNG

There is a growing recognition that the
world’s gas industry does not have any problems
as regards resources and reserves (see Tables 5.1
and 5.3, Nakicenovic, 2000; Ananenkov, 2003).
Reserves versus production ratios from different
sources show similar levels. Present proven gas
reserves versus the present production levels
result in a ratio of 50—60 years. If one considers
potential (unconventional) gas reserves versus
the current record production levels, gas reserves
are adequate to support the current level of
production for the next 200 years (Thorn, 2003;
Urano, 2003). The lowest ratios are found in
North America, illustrating the need for large
investments in import schemes.

It is expected that LNG will be a major
means of meeting the need for gas imports into
North America. LNG will become more and
more important in bringing distant markets and
reserves together.

The LNG industry shows very satisfactory
results concerning production and consumption.
The increase of 110 times in worldwide
liquefaction capacity and the increase of 100
times in the volume of LNG transported between
1964 and 2002 illustrate this. All LNG plants
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and receiving terminals are operated in accord-
ance with environmental and safety rules,
making the LNG industry one of the safer and
less polluting industries. The forecast for the
LNG industry for 2014 (50 years after its
inception) indicates that it will experience
substantial growth, promising technological
development and a non-negligible reduction in
the costs of building and operating LNG
installations. The Asian market is expected to
remain the main LNG consumer, reinforced by
new developments in China and India.

Currently not all of the LNG potentially
available can be absorbed by the market,
resulting in a very competitive gas price. But
there is a possibility that in the future, in certain
circumstances, LNG could be in an under-supply
condition. If this situation happened, it would
jeopardise the security of national energy supply
on the buyer’s side. The balance between supply
and demand should be maintained by market
mechanisms, to enable both producers and
consumers to obtain continuity and stability in
LNG supply and prices.

LNG price competition will eventually result
in cost competition of feed gas. Therefore, if
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LNG price competition continues for long, the
winners would be the projects based on huge gas
fields, which can acquire feed gas cheaply.

In selecting LNG suppliers, buyers should
take into consideration factors other than just
prices, such as the diversity and reliability of
LNG supply sources. On the other hand,
suppliers should make efforts to cut costs
throughout the LNG supply chain.

Forums to bring together producers, buyers
and technology suppliers will be necessary in
the future, to exchange information and to
discuss the balancing of LNG demand and
supply and the implementation of technical
innovations.

Discoveries of huge natural gas fields are
usually concentrated in a few countries. This
condition makes LNG supply diversification
difficult to achieve. There are small silent gas
fields scattered throughout some countries,
which contain what is called stranded gas.
Currently these gas fields are not economic to
be commercialised because of their small size.
New technology is expected to bring this
stranded gas into the LNG trade sometime in
the future.



The pressure to reduce LNG production costs
will continue. Technical innovations in liquefac-
tion processes and upstream gas production are
needed to achieve this. The development of a
floating LNG plant means a potential saving in
transport and onshore development costs. Appli-
cation of electric motors as compressor drivers
allows larger train sizes, with standardised
equipment supplied from a wider vendor base.
Electrical drivers also have the advantage of
high availability and high efficiency, when
supplied by a combined-cycle power station.
Developments in liquids extraction will increase
flexibility for producing LNG with different
grades of heating value to suit different markets.
As there will not be one concept that meets all
requirements, train sizes between 4 and 7 mtpa
are to be expected in the future.

LNG technology has matured over the past
decades, mostly by capitalising on economies of
scale. But in the future, LNG plants will be more
diverse, both in size and technology. LNG
technology providers and contractors will
increasingly have to rely on a flexible portfolio
of processes, drivers and plant sizes to achieve
fit-for-purpose solutions.

In the long term, high-quality management
is also about being cost efficient. Short cuts may
be profitable in the short term, but with the
prevailing industry standards, cutting corners
will be unacceptable and will ultimately lead to
greater costs and perhaps loss of business in
some cases.

Technical innovations can bring the costs
down throughout the entire chain and hence
increase LNG’s competitiveness. This can then
increase the overall growth in the business and
subsequently make the existing LNG business a
safer place to operate in and create attractive
new business opportunities in the years to come.
(Travesset, Proceedings of the 22nd World Gas
Conference, 2003)

GTL

Pipelines and LNG are by far the dominant
means of transporting gas, generally via pipe-
lines for up to 3 000 km and LNG for greater
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distances. There is also the possibility of
transporting liquids from a GTL plant, also for
distances above 3 000 km. Known already from
its successful application in South Africa, this
increasingly becomes an option for other
markets.

In Qatar US$ 10 billion is being invested in
two GTL plants by Shell and ConocoPhillips.
Their expected capacity will be in the order of
10 million m*/day or 34 000 barrels liquid per
day. Since Qatar is in a position to deliver
equally as well to the Atlantic Basin as to the
Asia Pacific region and has a huge reserve of
26 000 bem, with a present production level of
30 bcm/yr, this development may lead to the
rise of a world gas-based market by the year
2010 (see Tractebel, 2003).

Utilisation

The further development of technology is not
just necessary to bring the gas to market. The
utilisation of gas also needs further development
in order to improve the efficiency in use of gas.

Although gas-based electricity production
has the advantage with respect to capital,
operation and maintenance cost, the fuel costs
are the highest. Therefore, further improvements
in the efficiency of combined-cycle gas turbines
and combined heat and power (CHP) systems
are paramount.

An interesting new development in this
respect is the virtual power plant. This comprises
a multitude of decentralised, grid-connected,
micro and mini-CHP units using fuel cell, gas
turbine, gas internal combustion engine or
Stirling engine technology, installed in single
family or multi-family houses, small enterprises,
public facilities, etc. for combined heating and
cooling and flexible electricity production. The
multitude of decentralised units can be centrally
controlled and managed as part of an inter-
connected network, resulting in a virtual power
plant—with great flexibility in terms of fuel
choice (natural gas, biogas, LPG, hydrogen)—
contributing to meeting peak energy demand in
the public electricity sector with potentially very
high overall efficiencies. This could result in
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Project

Argentina - Uruguay

Nigeria - Algeria

Algeria - Spain

Algeria - Italy

Libya - Italy (southern)

Russia - Turkey

Norway (western) - UK (Easington)
Netherlands - UK

Russia - Germany

Iran/Turkey border and Georgia/Turkey
border - Central Europe

Iran

Iran

Iran

Iran

Iran (Saveh) - Iran (northwestern)
Iran
Iran

Europe (south)

Russia (northeast and Siberia)
USA

Thailand

Argentinian natural gas reached Montevideo through the Cruz del Sur pipeline crossing the
River Plate from the southern end of the Buenos Aires high pressure ring

Contract has been signed for studies on the Nigal pipeline

Studies are in progress on the Medgas pipeline (1 200 km)

GALSI project crossing Sardinia

Green Stream

The Blue Stream pipeline was brought to stream in 2002 (16 bcm per year)
Ormen Lange (1 200 km)

BBL (235 km)

NTG from St Petersburg 2 000 km offshore (by 2007)

Shtokman field to LNG plant North West Russia 2007

Nabucco project through Turkey to be realised 2004-2009

950 km, 56 inch IGAT-4 from South Pars reservoir to southern Tehran (10 compressor
stations) to be realised 2004-2005

470 km, 48 inch IGAT-6 from South Pars reservoir to Bid Boland treating plant in
Khoozestan Province (2 compressor stations) to be realised 2004-2005

IGAT-8 from South Pars reservoir to southern Tehran, 1 050 km, 56 inch (10 compressor
stations) to be realised 2007

360 km, 56 inch IGAT-9 from Kangan treating plant to Pataveh to be realised 2004-2005

Saveh/Hamadan/Mian-Doab 490 km, 48/42/40 inch extension from IGAT-3 (6 compressor
stations) to be realised 2006

Parchin/Mashhad main pipeline, 1 000 km, 42 inch from Tehran to Mashhad (5 compressor
stations) to be realised 2006

Arsanjan/Sar Cheshmeh 273 km, 42 inch extension from IGAT-4 (1 compressor station) to
be realised 2004-2005

South European Gas Ring, from Turkey, Greece, FYR of Macedonia, Serbia and
Montenegro, Bosnia-Herzegovina, Croatia, Slovenia, Austria. For the time being, the
Protocol (signed 8 April 2003) between the interested parties* expressed their intention to
participate in a performance of a pre-feasibility study, based on mutually agreed pipeline
routes, with the aim of reaching a common point of view about the current technical,
economic and market conditions.

* BOTAS (Turkey), DEPA (Greece), Ministry of Industry and Energy of Albania, Makpetrol
(FYROM), NIS-GAS and NIS (Serbia and Montenegro), BH-Gas (Bosnia-
Herzegovina), Plinacro (Croatia) and Geoplin (Slovenia)

Shaklin 1 and 2

A number of provisions to increase supplies are in the current energy legislation now before
the US Congress, including provisions to build a pipeline from Alaska to the lower 48 states.

Transmission system has been expanded. The future infrastructure expansion includes the
Gas Pipeline Master Plan Il project and the Trans Thai-Malaysia gas pipeline project (2005)

FIGURE 5.3 Recent and future pipeline projects. (Source: IGU Members.)

primary energy savings of 10-30% and a
greenhouse gas (CO,) emission reduction of
20-50% (see Virtual Power Plant, 2003).
If installed worldwide, this could lead to total
world CO, emissions well below the limits
aimed at by the Kyoto treaty.

In automotive use, natural gas can also play
an important role, especially in contributing to
the improvement of air quality in major cities.
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Natural gas vehicles (NGVs) are becoming
more and more popular, with over 3 million
vehicles to date (see International Association
for Natural Gas Vehicles). Moreover, GTL-
based fuel for cars may contribute to a cleaner
environment, since this fuel is more hom-
ogenous and it is therefore easier for engine
manufacturers to decrease harmful exhaust
emissions.



Investment

There is increasing concern that regulatory
concepts and their practical effects are impeding
the development of infrastructure and the
expansion of gas use. This jeopardises new
mega-projects in production and transmission
that are planned or have already been started.

Another difficulty is the dominance of a
shareholder-value strategy in global capital
markets. This clearly places the emphasis on
high, short-term returns at the expense of returns
on investments that are moderate but more
reliable in the long run. But if investments in
the international gas business are of limited
attractiveness to investors, this must be compen-
sated for by higher, sustained equity financing on
the part of gas companies. It is envisaged that the
expected two- to three-fold increase in world gas
trade by 2030 will require US$ 1-3 trillion for
additional investments and maintenance of
existing infrastructure (Thorn, 2003; Urano,
2003). A stable framework of legal, fiscal and
regulatory rules will be a prerequisite for such
investments.

Consumption

The upward trend in gas consumption con-
tinued worldwide in 2002. Available statistics
indicate that a continued, though moderate,
increase in world gas production and consump-
tion can be assumed. The worldwide share of
gas in primary energy consumption has gone
up slightly and is now just under a quarter. Gas
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is thus No. 3 in world energy supplies, coming
after oil and lying just behind coal.

Trade

International gas trade in 2002 was 5%
higher than in the preceding year. It amounted
to a good quarter of world gas production and
mainly took the form of intra-regional trade,
primarily due to deliveries from Canada to the
United States (up 3%) and flows within
Western Europe and in the Asia/Pacific region.
Inter-regional deliveries included principally
Russian gas supplies to western, central and
eastern Europe and Algerian exports to Europe
and North America, as well as deliveries from
the Persian Gulf to the Far East. A good three-
quarters of the volume traded across borders
took the form of pipeline gas and just under a
quarter was LNG.

Prices

The development of gas prices during 2002
mainly followed the price trend of the inter-
national oil markets. Over the year as a whole,
this was an upward trend, with brief downward
dips. In the course of the first 10 months of 2003,
a sustained high price level emerged, despite
a brief significant price decrease in the period
March/April.

Relationships differ between the develop-
ment of gas prices and that of rival fuels. Steep
price rises have been reported by some countries
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in central and eastern Europe which have been
successively adjusting their prices to market
conditions. For instance, Slovakia has registered
an almost 44% rise in the regulated gas price for
residential customers since the beginning of
2003, pointing out that even this price increase
is not sufficient to make a profit. In Russia, two
significant price rises in 2002 were likewise not
enough to offset the losses sustained in gas supply
operations.

Regulation

Although nowadays natural gas, as the fuel of
choice, has taken a large share of world (commer-
cial) energy supplies there is not (yet?) a world gas
market like the global oil market. Furthermore,
there are important geographic discrepancies
between gas demand regions and gas supply
regions. So regulatory harmonisation of a regional
(supra-national) gas market (in respect of its gas
transport and supply flexibility activities) in
general does not encompass in an equitable way
both the supply and the demand side.

Regulatory harmonisation can be achieved
when a region is adhering to a common political
concept and policy, which at least takes time: the
more so within a set of demand and supply
regions. Regulation in one (demand) region and
no similarly aimed regulation in the supply region
could lead to misunderstandings and tensions,
which would not improve the climate for
investment and business. Thus, special efforts
are needed to maintain a mutual understanding, in
which the gas industry and the financial market
are willing and capable of realising in a timely
manner the huge investments needed.

Should regulatory harmonisation in the
(regional) gas market play as important a role
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as in the (regional) electricity market? It should
be noted that in electricity markets supply and
demand are much more in structural balance
within the same region (or nation), and thus
within the same political realm; one can decide
to establish a power plant wherever desired,
which is not possible with gas fields.

It is thereby realistic to appreciate that gas
supply regions do have choices of where to
direct new sales. Russia is not bound to Western
Europe (and moreover its own market could
grow hugely); the Middle East region has a
choice between the Pacific Rim, Europe and
the Indian subcontinent; the South-East Asian
suppliers can send their LNG-carriers in quite
different directions, as can the African suppli-
ers. For some time to come it will be a greater
challenge to acquire gas supplies in time at
competitive prices for the demand regions than
it will be to convince the energy consumers to
choose gas (Verberg, 2003).

Many countries report on progress in market
liberalisation, restructuring of gas industries and
development of national regulatory authorities
(Kabelitz, 2003).

In Europe, the development of the gas market
has for a good 5 years now been largely shaped
by the goal of market opening and the actual
development of the legal framework. The EU
Commission seeks to document the progress
made in market opening in its annual bench-
marking reports. It is acknowledged there that
Germany, Austria and the United Kingdom are
playing leading roles in opening up gas markets
in Europe.

Rob Aptroot
International Gas Union



Chapter 5: Natural Gas

References

Ananenkov, A.G., 2003. Trends in the world of gas industry development, presentation at the IGU
Council meeting, Cape Town, 29 October 2003.

IEA World Energy Outlook 2002.

International Association for Natural Gas Vehicles (www.iangv.org).

Kabelitz, K.R., 2003. Overview of recent developments in the world gas industry, presentation at the
IGU Council meeting, Cape Town, 29 October 2003.

Nakicenovic, N., 2000. Global Natural Gas Perspectives, IIASA/IGU.

Proceedings of the 22nd World Gas Conference, Tokyo, June 2003.

Thorn, T.H., 2003. International Oil and Gas Finance Review, October 2003.

Tractebel, Gas Summit, Paris, October 2003.

Urano, H., 2003. President’s Summary, 22nd World Gas Conference Tokyo, June 2003.

Verberg, G.H.B., 2003. Presentation in plenary session 3 of the World Forum on Energy Regulation,
Rome, 7 October 2003.

Virtual Power Plant, Brochure of IGU, December 2003.

127



2004 Survey of Energy Resources

DEFINITIONS

Natural gas is a mixture of hydrocarbon
and small quantities of non-hydrocarbons
that exists either in the gaseous phase or is
in solution in crude oil in natural under-
ground reservoirs, and which is gaseous at
atmospheric conditions of pressure and
temperature.

Natural gas liquids (hydrocarbons that exist in
the reservoir as constituents of natural gas but
which are recovered as liquids in separators,
field facilities or gas-processing plants) are
discussed in Chapter 2—Crude Oil and
Natural Gas Liquids.

Proved amount in place is the resource
remaining in known natural reservoirs that
has been carefully measured and assessed as
exploitable under present and expected local
economic conditions with existing available
technology.

Proved recoverable reserves are the volume
within the proved amount in place that can be
recovered in the future under present and
expected local economic conditions with
existing available technology.

Estimated additional amount in place is the
volume additional to the proved amount in
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place that is of foreseeable economic interest.
Speculative amounts are not included.

Estimated additional reserves recoverable is
the volume within the estimated additional
amount in place that geological and engin-
eering information indicates with reasonable
certainty might be recovered in the future.

Production—where available, gross and net
(marketed) volumes are given, together with
the quantities re-injected, flared and lost in
shrinkage (due to the extraction of natural gas
liquids, etc.).

Consumption—natural gas consumed within
the country, including imports but excluding
amounts re-injected, flared and lost in
shrinkage.

R/P (reserves/production) ratio is calculated
by dividing proved recoverable reserves at
the end of 2002 by production (gross less re-
injected) in that year. The resulting figure is
the time in years that the proved recoverable
reserves would last if production were to
continue at the 2002 level.

As far as possible, natural gas volumes are ex-
pressed in standard cubic metres, measured
dry at 15°C and 1 013 mb, and the corre-
sponding cubic feet (at 35.315 cubic feet per
cubic metre).
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TABLE 5.1
Natural gas: proved recoverable reserves at
end-2002 TABLE 5.1 (Continued)
Billion Billion Billion Billion
cubic metres cubic feet cubic metres cubic feet
Algeria 4 000 141 260 Afghanistan 100 3530
Angola 113 4 000 Armenia 176 6 215
Benin 1 43 Azerbaijan 1370 48 382
Cameroon 110 3 900 Bangladesh 301 10 615
Congo (Brazzaville) 91 3 200 Brunei 391 13 800
Congo (Dem. Rep.) 1 35 China 1 676 59 188
Cote d’Ivoire 24 845 Georgia 8 300
Egypt (Arab Republic) 1 657 58 500 India 751 26 522
Equatorial Guinea 70 2472 Indonesia 2183 77 093
Ethiopia 25 883 Japan 51 1 801
Gabon 33 1 165 Kazakhstan 1 841 65 000
Ghana 24 848 Kyrgyzstan 6 200
Libya/GSPLAJ 1314 46 404 Malaysia 2 124 75 000
Morocco 1 43 Myanmar (Burma) 445 15 715
Mozambique 127 4 500 Nepal N N
Namibia 62 2 200 Pakistan 801 28 288
Nigeria 5055 178 517 Philippines 70 2 465
Rwanda 57 2 000 Taiwan, China 76 2 700
Senegal 11 388 Tajikistan 6 200
Somalia 6 200 Thailand 441 15 578
South Africa 37 1 300 Turkey 10 353
Sudan 85 3 002 Turkmenistan 2 010 71 000
Tanzania 28 989 Uzbekistan 1875 66 200
Tunisia 78 2755 Vietnam 193 6 800
Total Africa 13 010 459 449 Total Asia 16 905 596 945
Barbados N 5 Albania 10 353
Canada 1 664 58 771 Austria 24 844
Cuba 71 2 500 Belarus 3 100
Guatemala 3 109 Bulgaria 6 210
Mexico 424 14 985 Croatia 31 1 095
Trinidad & Tobago 589 20 801 Czech Republic 4 141
United States of America 5 366 189 494 Denmark 87 3072
. France 15 513
Total North America 8117 286 665 Germany 326 11 513
Argentina 664 23 449 Greece 1 18
Bolivia 813 28 711 Hungary 61 2154
Brazil 237 8370  lreland 20 700
Chile 98 3460  ltaly 227 8 000
Colombia 120 4 238 Netherlands 1 756 62 000
Ecuador 10 345 Norway 2120 74 868
Peru 245 8 655 Poland 77 2 719
Venezuela 4179 147 585 ~ Romania _ 163 5 756
Russian Federation 47 000 1 659 805
Total South America 6 366 224 813 Serbia & Montenegro 24 863

(continued on next page)
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TABLE 5.1 (Continued)

TABLE 5.1 (Continued)

Billion Billion Billion Billion

cubic metres cubic feet cubic metres cubic feet
Slovakia 15 530 Qatar 25 783 910 527
Slovenia N N Saudi Arabia 6 343 224 003
Spain N N Syria (Arab Republic) 371 13 102
Ukraine 1110 39 200 United Arab Emirates 6 003 211 996
United Kingdom 604 21 330 Yemen 396 13 985
Total Europe 53684 1895784 Total Middle East 71119 2 511 569
Bahrain , 92 3249 Australia 860 30 371
Iran (Islamic Republic) 26 570 938 320 New Zealand 42 1 475
Iraq 3100 109 477 Papua New Guinea 428 15 115
Israel 39 1377
Jordan 6 212 Total Oceania 1 330 46 961
Kuwait 1 557 54 985
Oman 859 30 336 Total World 170 531 6 022 186
Notes:

(1) The relationship between cubic metres and cubic feet is on the basis of 1 cubic metre = 35.315 cubic feet throughout.
(2) Sources: WEC Member Committees, 2003; Oil & Gas Journal, 22 December 2003; Natural Gas in the World 2001/2002,
Cedigaz; Annual Statistical Report 2003, OAPEC; World Oil, August 2003; various national sources.

TABLE 5.2
Natural gas: resources at end-2002
Proved Estimated Estimated Proved Estimated Estimated
amount additional additional amount additional additional
in place amount in reserves in place  amount in reserves
(bcm) place (bcm) recoverable (tcf) place (tcf) recoverable
(bcm) (tcf)
Africa
Algeria 6 000 2 000 960 211.9 70.6 33.9
Cote d’Ivoire 40 14
Egypt (Arab Republic) 1741 61.5
North America
Canada 12 800 8 880 452.0 313.6
Mexico 892 475 31.5 16.8
South America
Argentina 306 10.8
Brazil 95 34
Asia
China 3 002 11 440 106.0 404.0
Indonesia 3 865 136.5
Philippines 93 2 2 33 0.1 0.1
Thailand 258 9.1
Turkey 16 0.6
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TABLE 5.2 (Continued)

Proved Estimated Estimated Proved Estimated Estimated
amount additional additional amount additional additional
in place amount in reserves in place  amount in reserves
(bcm) place (bcm) recoverable (tcf) place (tcf) recoverable
(bcm) (tcf)
Europe
Albania 14 10 0.5 0.4
Austria 24 0.8
Croatia 31 1.1
Czech Republic 10 2 0.4 0.1
Denmark 493 92 50 17.4 3.2 1.8
France 375 13.2
Germany 200 7.1
Hungary 159 41-132 29-93 5.6 1.4-4.7 1.0-3.3
Italy 208 174 7.3 6.1
Norway 3670 2 510 129.6 88.6
Poland 139 400-600 4.9 14.1-21.2
Romania 630 101 79 22.2 3.6 2.8
Serbia & Montenegro 60 2.1
Spain N N N N N N
Middle East
Israel 53 70 50 1.9 2.5 1.8
Jordan 15 N 6 0.5 0.2
Oceania
Australia 3136 110.7
New Zealand 158 5.6
Notes:

(1) The data on resources are those reported by WEC Member Committees in 2003. They thus constitute a sample, reflecting
the information available in particular countries: they should not be considered as complete, or necessarily representative
of the situation in each region. For this reason, regional and global aggregates have not been computed.

(2) Sources: WEC Member Committees, 2003.

TABLE 5.3
Natural gas: 2002 production
Gross Re-injected  Flared  Shrinkage Net Net R/P ratio
(bcm) (bcm) (bcm) (bcm) (bcm) (bcf)
Algeria 160.6 71.7 4.2 5.4 79.3 2799 45.0
Angola 8.4 33 4.3 0.2 0.6 22 222
Cameroon 1.6 1.6 0.0 0 67.9
Congo (Brazzaville) 34 2.0 1.3 0.1 0.0 0 67.4
Cote d’Ivoire 1.3 1.3 47 17.9
Egypt (Arab Republic) 31.3 0.7 32 0.8 26.7 941 54.2
Equatorial Guinea 34 1.0 0.7 0.4 1.3 45 29.5
Gabon 2.3 0.6 1.6 0.1 0.1 3 18.9

(continued on next page)
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TABLE 5.3 (Continued)

Gross Re-injected  Flared  Shrinkage Net Net R/P ratio
(bcm) (bcm) (bcm) (bcm) (bcm) (bcf)
Libya/GSPLAJ 104 2.5 1.4 04 6.2 219 >100
Morocco 0.1 0.1 2 20.0
Mozambique 0.1 0.1 2 >100
Nigeria 38.1 33 18.9 1.7 14.2 501 >100
Senegal 0.1 0.1 2 >100
South Africa 2.5 0.2 2.3 81 15.0
Tunisia 2.5 0.3 0.1 2.2 76 31.2
Total Africa 265.9 85.1 37.5 9.1 134.2 4741 70.4
Barbados N N 1 4.7
Canada 220.6 12.5 2.3 18.2 187.6 6 625 8.0
Cuba 0.6 0.1 0.1 0.4 12 >100
Mexico 45.7 4.6 2.8 0.4 38.0 1 342 10.3
Trinidad & Tobago 19.2 1.9 17.3 611 30.7
United States of America 683.3 104.7 2.4 36.8 5394 19 047 9.3
Total North America 969.4 121.8 94 558.5 782.6 27 639 9.6
Argentina 45.8 3.2 0.9 5.6 36.1 1275 15.6
Bolivia 8.9 2.2 0.3 0.6 5.8 205 >100
Brazil 15.5 34 2.1 0.6 9.4 332 19.5
Chile 3.0 1.6 0.1 0.1 1.2 42 72.6
Colombia 15.1 8.0 0.5 0.5 6.2 218 16.9
Ecuador 1.1 0.2 0.8 0.1 4 11.1
Peru 1.0 0.4 0.2 0.4 16 >100
Venezuela 59.4 20.5 3.1 6.0 29.8 1 052 >100
Total South America 149.7 39.5 7.9 13.3 89.0 3143 57.8
Afghanistan 0.1 0.1 2 >100
Azerbaijan 13.1 0.8 6.8 0.3 5.2 182 >100
Bangladesh 11.5 11.5 404 26.3
Brunei 12.9 1.8 0.3 10.9 383 35.2
China 32.6 32.6 1152 514
Georgia N N 1 >100
India 27.2 0.8 1.4 25.0 883 27.7
Indonesia 86.9 6.8 4.6 5.1 70.4 2 484 27.3
Japan 2.8 2.8 99 18.1
Kazakhstan 12.6 1.4 11.2 394 >100
Kyrgyzstan N N 1 >100
Malaysia 52.8 4.3 48.5 1713 40.2
Myanmar (Burma) 8.8 0.1 0.3 8.4 297 50.6
Pakistan 26.6 0.8 2.9 22.9 809 31.1
Philippines 24 0.3 0.3 1.8 62 29.2
Taiwan, China 0.9 0.9 31 85.4
Tajikistan N N 1 >100
Thailand 21.0 1.1 20.0 705 21.0
Turkey 0.4 0.4 14 24.4
Turkmenistan 53.5 53.5 1 889 37.6
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TABLE 5.3 (Continued)

Gross Re-injected  Flared  Shrinkage Net Net R/P ratio
(bcm) (bcm) (bcm) (bcm) (bcm) (bcf)

Uzbekistan 58.4 58.4 2 062 32.1
Vietnam 2.6 0.4 2.3 80 73.9
Total Asia 426.8 10.2 14.3 15.9 3864 13 649 40.1
Albania N N N N >100
Austria 1.7 1.7 61 13.9
Belarus 0.3 0.3 9 11.5
Bulgaria N N 1 >100
Croatia 2.1 2.1 75 14.6
Czech Republic 0.5 0.3 0.2 5 26.7
Denmark 11.5 2.9 0.2 8.4 297 10.1
France 2.7 N 1.0 1.8 62 5.5
Germany 22.2 N 0.6 21.6 763 14.7
Greece 0.1 N N 1 14.3
Hungary 33 0.1 N 0.1 3.1 110 19.1
Ireland 0.8 0.8 28 25.0
Italy 14.9 14.9 528 15.2
Moldova 0.1 0.1 2
Netherlands 71.2 71.2 2 516 24.6
Norway 105.8 32.9 0.6 34 68.9 2 433 29.1
Poland 5.2 5.2 184 14.8
Romania 12.6 N 0.2 0.2 12.1 428 13.0
Russian Federation 607.8 12.5 5953 21023 77.3
Serbia & Montenegro 0.5 0.5 16 53.3
Slovakia 0.2 0.2 7 75.0
Slovenia N N N 5.0
Spain 0.6 N 0.6 20 5.2
Ukraine 18.8 18.8 664 59.0
United Kingdom 112.7 2.1 1.6 6.9 102.1 3 607 5.5
Total Europe 995.5 38.3 2.7 24.6 929.8 32839 56.1
Bahrain 12.2 2.7 0.3 9.3 327 9.7
Iran (Islamic Republic) 121.0 27.5 8.2 18.0 67.3 2 378 >100
Iraq 3.6 1.0 0.2 2.4 83 >100
Israel N N N >100
Jordan 0.3 0.3 9 23.1
Kuwait 9.7 0.4 1.0 8.3 293 >100
Oman 21.7 3.1 0.9 2.7 15.0 530 46.2
Qatar 38.1 3.8 0.3 4.5 29.5 1 042 >100
Saudi Arabia 60.0 0.1 0.2 3.0 56.7 2 002 >100
Syria (Arab Republic) 8.2 1.8 0.3 0.4 5.8 205 58.0
United Arab Emirates 63.8 15.2 0.5 4.8 434 1532 >100
Yemen 20.1 19.7 0.4 0.0 0 >100
Total Middle East 358.6 73.9 11.7 35.2 237.9 8 401 > 100
Australia 38.8 4.2 34.6 1222 22.2

(continued on next page)
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TABLE 5.3 (Continued)

Gross Re-injected  Flared  Shrinkage Net Net R/P ratio
(bcm) (bcm) (bcm) (bcm) (bcm) (bcf)
New Zealand 6.4 0.3 0.1 0.1 59 210 6.9
Papua New Guinea 0.1 N 0.1 4 >100
Total Oceania 45.3 0.3 0.1 4.3 40.7 1 436 29.5
Total World 32111 369.0 83.5 157.9 2 600.6 91 847 59.8

Notes:

(1) Sources: WEC Member Committees, 2003; Natural Gas in the World 2001/2002, Cedigaz; various national sources.

TABLE 5.4
Natural gas: 2002 consumption TABLE 5.4 (Continued)
Billion Billion Billion Billion
cubic cubic cubic cubic
metres feet metres feet
Algeria 23.3 824 Chile 6.5 230
Angola 0.6 22 Colombia 6.2 218
Cote d’Ivoire 1.4 50 Ecuador 0.1 4
Egypt (Arab Republic) 25.2 891 Peru 0.4 16
Equatorial Guinea 1.3 45 Uruguay N 1
Gabon 0.1 3 Venezuela 29.8 1 052
Libya/GSPLAJ 5.6 197
Morocco 0.7 23 Total South America 88.7 3135
Mozambique 0.1 2 .
Nigeria 6.4 225 Afghamstan 0.1 2
Senegal 0.1 2 Armenia 1.4 49
South Africa 23 81 Azerbaijan 10.0 351
Tunisia 38 136 Bangladesh 10.7 379
Brunei 1.7 59
Total Africa 70.9 2501  China 30.2 1069
Georgia 1.1 40
Barbados N 1 Hong Kong, China 2.4 83
Canada 91.0 3214 India 25.0 883
Cuba 0.4 12 Indonesia 33.9 1197
Mexico 43.0 1519 Japan 75.3 2 657
Puerto Rico 0.6 22 Kazakhstan 13.0 457
Trinidad & Tobago 12.0 423 Korea (Republic) 24.0 848
United States of America 638.1 22 534 Kyrgyzstan 0.8 30
Malaysia 28.0 990
Total North America 785.1 27 725 Myanmar (Burma) 2.2 78
Pakistan 22.9 809
Argentina 30.3 1 069 Philippines 2.0 71
Bolivia 1.0 36 Singapore 1.8 62
Brazil 14.4 509 Taiwan, China 7.9 278
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TABLE 5.4 (Continued) TABLE 5.4 (Continued)
Billion Billion Billion Billion
cubic cubic cubic cubic
metres feet metres feet
Tajikistan 0.5 18 Portugal 29 102
Thailand 25.6 904 Romania 15.6 551
Turkey 17.7 625 Russian Federation 422.1 14 905
Turkmenistan 14.2 501 Serbia & Montenegro 2.1 73
Uzbekistan 56.1 1 982 Slovakia 7.1 251
Vietnam 2.3 80 Slovenia 1.0 34
Spain 22.7 800
Total Asia 410.8 14 502 Sweden 1.3 44
. Switzerland 3.0 107
Albania N 1 Ukraine 69.7 2 461
Austria 82 290 United Kingdom 95.0 3355
Belarus 15.5 546
Belgium 16.1 569 Total Europe 1 002.0 35375
Bosnia-Herzogovina 0.2 6
Bulgaria 2.7 95 Bahrain 9.3 327
Croatia 29 102 Iran (Islamic Republic) 79.2 2 798
Czech Republic 9.5 334 Iraq 2.4 83
Denmark 4.9 173 Israel 0.5 18
Estonia 0.9 32 Jordan 0.3 9
Finland 4.5 159 Kuwait 8.3 293
FYR Macedonia 0.1 4 Oman 6.7 238
France 422 1 489 Qatar 11.2 396
Germany 98.3 3 471 Saudi Arabia 56.7 2 002
Greece 2.1 75 Syria (Arab Republic) 5.8 205
Hungary 13.4 473 United Arab Emirates 36.2 1 280
Ireland 4.3 152
Italy 70.4 2 486 Total Middle East 216.6 7 649
Latvia 1.3 46 Australia 23.8 841
Lithuania 2.7 96 New Zealand 5.9 210
Luxembourg 0.9 32 Papua New Guinea 0.1 4
Moldova 22 76
Netherlands 379 1338 Total Oceania 29.8 1055
Norway 6.7 237
Poland 11.6 410 Total World 2 603.9 91 942
Notes:

(1) Sources: WEC Member Committees, 2003; Natural Gas in the World 2001/2002, Cedigaz; other international and

national sources; estimates by the editors.
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COUNTRY NOTES

The following Country Notes on Natural
Gas provide a brief account of countries with
significant gas resources. They have been com-
piled by the editors, drawing upon a wide variety
of material including information received from
WEC Member Committees, national and inter-
national publications.

The principal published sources consulted
were:

e Natural Gas in the World, 2001/2002 Survey;
Cedigaz;

e BP Statistical Review of World Energy, June
2003;

e Energy Balances of OECD Countries 2000—
2001; 2003; International Energy Agency;

e Energy Balances of Non-OECD Countries
2000-2001; 2003; International Energy
Agency;

o Energy Statistics of OECD Countries 2000—
2001, 2003; International Energy Agency;

e FEnergy Statistics of Non-OECD Countries
2000-2001; 2003; International Energy
Agency;

e Oil & Gas Journal, 22 December, 2003,
PennWell Corporation;

e OPEC Annual Statistical Bulletin 2002; 2003,
OPEC

e Secretary-General’s Twenty-Ninth Annual
Report, A.H. 1422-1423/AD 2002; 2003,
OAPEC

e World Oil, August 2003, Gulf Publishing
Company

Brief salient data are shown for each country,
including the year of first commercial production
of natural gas (where ascertained).

Algeria

Proved recoverable reserves (bcm) 4 000
Production (net bcm, 2002) 79.3
R/P ratio (years) 45.0
Year of first commercial production 1961
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For the purposes of the present Survey, the
Algerian WEC Member Committee has reported
a proved amount in place of 6 000 bcm, of which
4 000 bem is classified as proved recoverable
reserves. Gas reserves non-associated with crude
oil account for 80% of proved recoverable
reserves. An additional amount in place of
2 000 bcm, of which 960 bcm is deemed to be
recoverable, has also been reported by the
Algerian MC.

Net production of natural gas in 2002 was the
fifth highest in the world, after Russia, the USA,
Canada and the UK. About 45% of gross
production was re-injected, while much smaller
proportions (in the order of 3% of production in
each case) were flared or abstracted as NGLs.
About 74% of net production was exported:
46% of gas exports were in the form of LNG,
consigned to France, Spain, Turkey, Belgium,
Italy, the USA and Greece. Exports by pipeline
in 2002 went to Italy, Spain, Portugal, Tunisia,
Morocco and Slovenia. Apart from oil and gas
industry use, the main internal markets for
Algerian gas are power stations, industrial
fuel/feedstock and households.

Argentina

Proved recoverable reserves (bcm) 664
Production (net bcm, 2002) 36.1
R/P ratio (years) 15.6

Until 1993 responsibility for the transpor-
tation, distribution and commercialisation of
natural gas in Argentina rested with the state
company Gas del Estado. This responsibility
was then transferred to the private sector;
the role of the State changing from one of
entrepreneur to one of Regulator, Supervisor
and Judge of gas industry activity, through the
creation of the regulation agency ‘ENAR-
GAS’. Therefore, under this new industrial
organisation, transportation, distribution and
commercialisation are in the hands of the
private sector, operating within a competitive
market structure. Free access to transport and
distribution gas pipelines is granted and there



are no restrictions related to the import and
export of natural gas.

The proved recoverable reserves reported by
the Argentinean WEC Member Committee are
some 11% lower than those contributed to the
2001 Survey. Additional reserves, not yet proven
but considered to be eventually recoverable, now
stand at 306 billion m”.

Gas extraction takes place in five sedimen-
tary basins. The greatest production corresponds
to the Neuquina basin which provides 51.9%
of the total, followed by the Austral basin with
22.4% and the Northwest basin with 19.5%;
minor contributions are made by the Golfo San
Jorge and Cuyana basins. About 7% of current
gross production is re-injected. Marketed pro-
duction (after relatively small amounts are
deducted through flaring and shrinkage) is the
highest in South America.

For many years, gas supplies have been
augmented by imports from Bolivia, but this
flow ceased in October 1999, as the focus of
Bolivia’s gas exports shifted to Brazil. In a
further re-orientation of the South American gas
supply structure, Argentina has become a
significant exporter in its own right, with a
number of pipelines supplying Chile and others
to Uruguay and Brazil.

Consumption of indigenous and imported
gas in 2001 was almost equally divided between
the power generation market (25%), industrial
fuel/feedstock (22%), residential/commercial
uses (24%) and gas industry own use/loss
(24%); about 5% was consumed in road transport.

Australia

Proved recoverable reserves (bcm) 860
Production (net bcm, 2002) 34.6
R/P ratio (years) 22.2
Year of first commercial production 1969

The level of proved recoverable reserves
quoted above is that reported by the Australian
WEC Member Committee; it corresponds to
‘Remaining commercial reserves at 1 January
2001 as given in Oil and Gas Resources of
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Australia 2001, published by Geoscience Aus-
tralia in 2002. Doubtless due to the adoption of
differing definitions of ‘proved reserves’, other
published sources quote substantially higher
levels, ranging (in terms of bcm) from World
Oil’s 2 407 and Oil & Gas Journal’s 2 548 to
OPEC at 3 550 and Cedigaz at 3 930.

The Australian MC also reports 3 136 bcm as
‘estimated additional reserves recoverable’: this
corresponds with ‘non-commercial reserves’ in
the Geoscience Australia publication cited
above. Australia’s principal gas reserves are
located in the Carnarvon, Gippsland, Browse,
Bonaparte and Cooper Basins.

Gross production grew by over 60% between
1990 and 1996, reflecting in part higher domestic
demand but more especially a substantial increase
in exports of LNG (almost all to Japan) from the
North West Shelf fields. Production growth has
continued in recent years, but at a slower pace.

The main gas-consuming sectors in Australia
are public electricity generation, the non-ferrous
metals industry and the residential sector.

Azerbaijan

Proved recoverable reserves (bcm) 1370
Production (net bcm, 2002) 5.2
R/P ratio (years) >100

Azerbaijan is one of the world’s oldest
producers of natural gas. After years of falling
production the outlook has been transformed by
recent developments. Proved reserves of gas, as
quoted by Cedigaz, remain at the end-1999 level
of 1 370 bem.

Marketed production in 2002 was 5.2 bcm, of
which much the greater part came from offshore
fields. Over half of current gross production is
reported to be flared or vented.

Bangladesh

Proved recoverable reserves (bcm) 301
Production (net bcm, 2002) 11.5
R/P ratio (years) 26.3

Year of first commercial production pre-1971
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Whilst the published volumes of proved
gas reserves (e.g. Oil & Gas Journal 301 bem,
Cedigaz 340 bcm) are not particularly large,
much of Bangladesh is poorly explored and the
potential for further discoveries is thought to be
substantial.

Gas production has followed a rising trend
for many years and now exceeds 10 bcm per
annum. Natural gas contributes about two-thirds
of Bangladesh’s commercial energy supplies; its
principal outlets are power stations and fertiliser
plants. Consumption by other industrial users
and the residential/commercial sector is growing
rapidly.

Bolivia

Proved recoverable reserves 813
(bcm)

Production (net bcm, 2002) 5.8
R/P ratio (years) >100
Year of first commercial 1955
production

Recent years have seen annual increases
in Bolivia’s proved reserves of natural gas, as
reported by Cedigaz, rising some 57%
from 518 bcm at end-1999 to 813 bcm at
end-2002. In addition, official assessments of
‘probable reserves’, published by the
Instituto Nacional de Estadistica, have been
raised from 394 to 742 bcm over the same
period.

Exports to Argentina used to be the major
outlet for Bolivia’s natural gas, but this flow
ceased during 1999. The focus of Bolivia’s gas
export trade has now shifted towards Brazil,
with the inauguration of two major export
lines, one from Santa Cruz de la Sierra to
south-east Brazil in 1999 and another in 2000
from San Miguel to Cuiaba. Exports in 2002
amounted to 4.8 bcm.

Internal consumption of gas is still on a small
scale (only about 1 becm/yr), and confined almost
entirely to electricity generation and industrial
fuel markets, residential use being minimal at
present.
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Brazil

Proved recoverable reserves (bcm) 237
Production (net bcm, 2002) 94
R/P ratio (years) 19.5
Year of first commercial production 1954

Brazil’s natural gas industry is relatively
small at present compared with its oil sector.
Proved reserves, as reported by the Brazilian
WEC Member Committee, are the fifth largest
in South America, having increased only
marginally over the past 3 years. Of the latest
assessment of proved recoverable reserves,
approximately 27% is non-associated with
crude oil. Additional recoverable reserves, not
classified as proved, are put at just over 95 bcm.

Over one-third of current gross production of
natural gas is either re-injected or flared.
Marketed production is mostly used as industrial
fuel or as feedstock for the production of
petrochemicals and fertilisers. As a consequence
of Brazil’s huge hydroelectric resources, use of
natural gas as a power station fuel has been
minimal until fairly recently. The consumption
picture is now changing as imported gas (from
Bolivia and Argentina) fuels the increasing
number of gas-fired power plants that are being
built in Brazil.

Brunei

Proved recoverable reserves (bcm) 391
Production (net bcm, 2002) 10.9
R/P ratio (years) 35.2

Natural gas was found in association with
oil at Seria and other fields in Brunei. For
many years this resource was virtually
unexploited, but in the 1960s a realisation of
the resource potential, coupled with the avail-
ability of new technology for producing and
transporting liquefied natural gas, enabled a
major gas export scheme to be devised. Since
1972 Brunei has been exporting LNG to Japan,
and more recently to the Korean Republic.



Occasional spot cargoes are also made—in
2002 to Spain and the USA.

Despite annual exports approaching 10 bem,
proved reserves (as published by Oil & Gas
Journal) have remained virtually steady at just
under 400 bem since 1992.

Nearly 90% of Brunei’s marketed production
is exported, the balance being mostly used in
the liquefaction plant, local power stations and
offshore oil and gas installations. Small quan-
tities are used for residential purposes in Seria
and Kuala Belait.

Canada

Proved recoverable reserves (bcm) 1 664
Production (net bcm, 2002) 187.6
R/P ratio (years) 8.0

Canada’s gas reserves are the third largest in
the Western Hemisphere. The proved recover-
able reserves reported by the Canadian WEC
Member Committee for the present Survey
corresponded with ‘remaining established
reserves’ of marketable natural gas at 31
December, 2001, as assessed by the Canadian
Association of Petroleum Producers (CAPP).
The level adopted for the Survey reflects the end-
2002 data subsequently published by CAPP.

‘Initial established reserves’ of marketable
natural gas (which include cumulative pro-
duction to date) are quoted by CAPP as
5450 bcm at end-2002. The Canadian WEC
Member Committee reports that (based on a
1999 assessment) Canada is estimated to have
12 800 bem of ‘undiscovered in-place resources’
of gas, of which 8 880 bcm is considered to be
recoverable.

At end-2002, 85% of proved recoverable
reserves consisted of non-associated deposits:
the provinces with the largest gas resources were
Alberta (with 75% of remaining established
reserves), British Columbia (15%) and Saskatch-
ewan (5%).

Gross production of Canadian natural gas
was the third highest in the world in 2002. Of
the net output remaining after allowance for
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re-injection, flaring and shrinkage, approxi-
mately 58% was exported to the United States.
The largest users of gas within Canada are the
industrial, residential and commercial sectors. A
relatively small proportion is consumed in
electricity generation, reflecting Canada’s
wealth of hydroelectric power.

China

Proved recoverable reserves (bcm) 1676
Production (net bcm, 2002) 32.6
R/P ratio (years) 51.4
Year of first commercial production 1955

Past gas discoveries have been fewer than
those of crude oil, which is reflected in the fairly
moderate level of proved reserves. Gas reser-
voirs have been identified in many parts of
China, including in particular the Sichuan Basin
in the central region, the Tarim Basin in the
north-west and the Yinggehai (South China
Sea). China’s gas resource base is thought to
be enormous: estimates by the Research Institute
of Petroleum Exploration and Development,
quoted by Cedigaz, put total resources at some
38 000 bcm, of which 21% are located offshore.
Most of the onshore gas-bearing basins are in the
central and western parts of China.

The level of proved reserves adopted for the
present Survey has been taken from a personal
communication from an expert professional
source in China, as no data were available from
the WEC Member Committee. The reported
level of 1 676 bcm is 11% higher than the end-
2002 currently quoted by Oil & Gas Journal
(1 510), whilst other published assessments fall
within a broad band, ranging from World Oil’s
1 321 bcm to Cedigaz’s 2 600 bcm; OAPEC
(1 510) and OPEC (1 560) are close to Oil &
Gas Journal.

The major outlets for natural gas within
China are as industrial fuel/feedstock (40%),
oil/gas industry own use/loss (27%) and the resi-
dential sector (21%). Natural gas has relatively
small shares in the generation of electricity
and bulk heat. In January 1996, China began
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delivering natural gas to the Castle Peak power
station in Hong Kong via a pipeline from the
offshore Yacheng field; deliveries in 2002 were
about 2.4 bcm.

Colombia

Proved recoverable reserves (bcm) 120
Production (net bcm, 2002) 6.2
R/P ratio (years) 16.9

The early gas discoveries were made in the
north-west of the country and in the Middle and
Upper Magdalena Basins; in more recent times,
major gas finds have been made in the Llanos
Basin to the east of the Andes. Proved reserves
at end-2002 are quoted by Cedigaz as 120 bcm,
a reduction of 38% from the figure quoted
in the 2001 Survey, which emanated from the
same source. Other published sources range
from World Oil’s 120 bcm to OPEC’s 198. The
Colombian state oil and gas company Ecopetrol
quotes 2001 ‘remaining reserves’ as 7 490 bcf
(equivalent to 212 bcm).

At present a high proportion of Colombia’s
gas output (53% in 2002) is re-injected in order
to maintain or enhance reservoir pressures. The
major outlets for natural gas are own use by the
gas industry and the power generation market,
each of which represented about 32% of total gas
consumption in 2001. Chemicals, cement and
other industrial users had a 19% share, while
residential/commercial consumers accounted for
16%. CNG use in road transport is small but
growing.

Denmark

Proved recoverable reserves (bcm) 87
Production (net bcm, 2002) 8.4
R/P ratio (years) 10.1
Year of first commercial production 1984

The Danish WEC Member Committee
quotes the Danish Energy Authority which
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does not use the terms proved and additional
reserves, but uses the categories ongoing,
approved, planned and possible recovery.

The figure for proved reserves (87 bcm)
has been calculated as the sum of ‘ongoing’
and ‘approved’ reserves, while the figure for
additional reserves (50 bcm) has been calculated
as the sum of ‘planned’ and ‘possible’ reserves.
Of the reported proved recoverable reserves,
56% is non-associated with crude oil.

Egypt (Arab Republic)

Proved recoverable reserves (bcm) 1 657
Production (net bcm, 2002) 26.7
R/P ratio (years) 54.2
Year of first commercial production 1964

Proved reserves are the third largest in
Africa, having been increased by 35% since
the 2001 Survey, according to the latest data
reported by the Egyptian Member Committee.
Since the end of 2000, Egypt’s reserves have
exceeded those of its neighbour Libya. About
97% of the reported reserves is non-associated
with crude oil. An estimated 61.5 tcf (1 741
bcm) is reported as additional reserves recover-
able, over and above the proved reserves.

The major producing area is the Mediterra-
nean Sea region (mostly from offshore fields),
although output of associated gas from a number
of fields in the Western Desert and the Red Sea
region is also important.

Marketed production has grown steadily in
recent years and is now the second largest in
Africa. The main outlets at present are power
stations, fertiliser plants and industrial users
such as the iron and steel sector and cement
works.

Germany

Proved recoverable reserves (bcm) 326
Production (net bcm, 2002) 21.6
R/P ratio (years) 14.7



Although it is one of Europe’s oldest gas
producers, Germany’s remaining proved
reserves are still sizeable, and (apart from the
Netherlands) they now rank as the largest
onshore reserves in Western Europe. The
principal producing area is in north Germany,
between the rivers Weser and Elbe; westward
from the Weser to the Netherlands border lies
the other main producing zone, with more
mature fields.

The proved recoverable reserves reported by
the German WEC Member Committee are some
15% higher than the corresponding level in the
2001 Survey. An additional 200 bcm is con-
sidered to be eventually recoverable.

Indigenous production provides less than a
quarter of Germany’s gas supplies; the greater
part of demand is met by imports from the
Russian Federation, the Netherlands, Norway,
the UK and Denmark.

India

Proved recoverable reserves (bcm) 751
Production (net bcm, 2002) 25.0
R/P ratio (years) 27.7
Year of first commercial production 1961

A sizeable natural gas industry has been
developed on the basis of the offshore Bombay
gas and oil/gas fields. Proved reserves at
1 April, 2002 have been reported by the Indian
WEC Member Committee as 751 bcm. This
level appears to be consistent with the series of
‘proved and indicated balance recoverable
reserves’ published by the Ministry of Pet-
roleum and Natural Gas. The Western Offshore
(including the Bombay High) accounted for
58% of India’s gas reserves in 2001, with the
eastern state of Assam possessing 20% and the
western states of Gujarat and Rajasthan 11%.

According to Cedigaz, out of a gross pro-
duction of 27 becm in 2002, 3% was flared or
vented and 5% lost as a result of shrinkage, etc.

Marketed production is principally used
as feedstock for fertiliser and petrochemical
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manufacture, for electricity generation and as
industrial fuel. The recorded use in the resi-
dential and agricultural sectors is exceedingly
small.

Indonesia

Proved recoverable reserves (bcm) 2 183
Production (net bcm, 2002) 70.4
R/P ratio (years) 27.3

The Indonesian WEC Member Committee
reports proved recoverable gas reserves as
77 100 bscf (2 183 bcm), within a proved
amount in place of 136 500 bscf (3 865 bcm).
Other published assessments of Indonesia’s
proved reserves vary widely—they range from
World Oil’s 2 081 bem to Cedigaz and OAPEC
with around 3 800 bem, with Oil & Gas Journal
and OPEC quoting intermediate levels in the
region of 2 600 bcm. Differences in definitions
and coverage may account for some of the
discrepancies.

The latest level reported by the Member
Committee for proved reserves is 1.3% lower
than that advised for the 2001 Survey of Energy
Resources, whilst the latest assessment of the
proved amount in place is nearly 16% higher
than the previous one.

Indonesia’s gas production is the highest
in Asia. The main producing areas are in
northern Sumatra, Java and eastern Kalimantan.

Exports of LNG from Arun (Sumatra)
and Bontang (Kalimantan) to Japan began in
1977-1978. Indonesia has for many years been
the world’s leading exporter of LNG. Shipments
in 2002 were chiefly to Japan (67%) but also to
the Republic of Korea (20%) and Taiwan, China
(13%). Indonesia exports more than half of its
marketed production, including (from early
2001) supplies by pipeline to Singapore.

The principal domestic consumers of natural
gas (apart from the oil and gas industry) are
power stations and fertiliser plants: the residen-
tial and commercial sectors have relatively small
shares.

141



2004 Survey of Energy Resources

Iran (Islamic Republic)

Proved recoverable reserves (bcm) 26 570
Production (net bcm, 2002) 67.3
R/P ratio (years) >100
Year of first commercial production 1955

Iran’s proved reserves are second only to
those of the Russian Federation, (although now
closely approached by those of Qatar). They
account for 16% of the world total, and exceed the
combined proved reserves of North America,
South America and Europe (excluding the Russian
Federation). The Iranian WEC Member Commit-
tee reports that at the end of 2002 proved reserves
of natural gas were 26 570 billion m>, approxi-
mately 9% higher than the end-1999 level reported
for the 2001 Survey of Energy Resources.

Of the end-1999 reserves, 63% were non-
associated with crude oil. For many years only
minute quantities of associated gas output were
utilised as fuel in the oil fields or at Abadan refinery:
by far the greater part was flared. Utilisation of
gas in the industrial, residential and commercial
sectors began in 1962 after the construction of a
pipeline from Gach Saran to Shiraz.

In 2002, 56% of Iran’s gross production of
121 bcm of gas was marketed; about 23% was
re-injected into formations in order to maintain or
enhance pressure; about 7% was flared or vented
and 14% lost through shrinkage and other factors.
The marketed production volume of about
67 bcm was augmented by 5 bem of gas imported
from Turkmenistan, whilst a small quantity
(0.7 bcm in 2002) was exported to Turkey. Iran’s
principal gas-consuming sectors are electricity
generation (36% of total consumption in 2001),
residential users (29%) and industry (23%).

Iraq

Proved recoverable reserves (bcm) 3100
Production (net bcm, 2002) 2.4
R/P ratio (years) >100
Year of first commercial production 1955

Gas resources are not particularly large,
by Middle East standards: proved reserves
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(as reported by OAPEC) account for less than
5% of the regional total. Other published
sources all quote proved reserves in the range
of 3 100-3 200 bcm.

According to data reported by Cedigaz, 70%
of Iraq’s proved reserves consist of associated
gas, whilst cap gas and non-associated gas
account for 15% each. A high proportion of
gas output is thus associated with oil production:
some of the associated gas is flared.

Between 1986 and 1990 Iraq exported gas to
Kuwait. Currently all gas usage is internal, as fuel
for electricity generation, as a feedstock and fuel
for the production of fertilisers and petrochemicals,
and as a fuel in oil and gas industry operations.

Kazakhstan

Proved recoverable reserves (bcm) 1 841
Production (net bcm, 2002) 11.2
R/P ratio (years) >100

The estimated proved reserves of 1.8—1.9
trillion m* quoted by Oil & Gas Journal and
Cedigaz include 1.3 trillion for the giant
Karachaganak field, located in the north of
Kazakhstan, near the border with the Russian
Federation. Another major field is Tengiz, close
to the north-east coast of the Caspian Sea.

Kazakhstan exports natural gas to Russia
from its western producing areas and imports gas
into its south-eastern region from Turkmenistan
and Uzbekistan.

Electricity generation is estimated to have
accounted for about one-third of total internal
gas consumption in 2001.

Kuwait

Proved recoverable reserves (bcm) 1 557
Production (net bcm, 2002) 8.3
R/P ratio (years) >100
Year of first commercial production 1960

Note: Kuwait data include its share of Neutral Zone.

Gas reserves (as quoted by OAPEC) are
relatively low in regional terms and represent



only about 2% of the Middle East total. All of
Kuwait’s natural gas is associated with crude oil,
so that its availability is basically dependent on
the level of oil output.

After allowing for a limited amount of
flaring and for shrinkage due to the extraction
of NGLs, Kuwait’s gas consumption is currently
about 8 bcm/yr, one-third of which is used
for electricity generation and desalination of
seawater.

Libya/GSPLAJ

Proved recoverable reserves (bcm) 1314
Production (net bcm, 2002) 6.2
R/P ratio (years) >100
Year of first commercial production 1970

Proved reserves—the fourth largest in
Africa—have been essentially unchanged since
1991, according to OAPEC. Utilisation of the
resource is on a comparatively small scale: net
production in 2002 was less than a quarter that
of Egypt.

Since 1970 Libya has operated a liquefaction
plant at Marsa el Brega, but LNG exports (in
recent years, only to Spain) have fallen away to
only 0.6 billion m* per annum.

Local consumption of gas is largely attribu-
table to petrochemical/fertiliser plants and oil
and gas industry use.

Malaysia

Proved recoverable reserves (bcm) 2 124
Production (net bcm, 2002) 48.5
R/P ratio (years) 40.2
Year of first commercial production 1983

Exploration of Malaysia’s offshore waters
has located numerous fields yielding natural gas
or gas/condensates, mainly in the areas east
of the peninsula and north of the Sarawak
coast. Proved reserves (as quoted by Oil & Gas
Journal) now stand at 75 tcf (2 124 bcm) and
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rank as the second highest in Asia, after
Indonesia. Other published reserve assessments
are somewhat higher, ranging from OPEC’s
2 390 bcm to Cedigaz at 2 478 becm and World
Oil at 2 492 bem.

Malaysia became a major gas producer in
1983, when it commenced exporting LNG to
Japan. This trade has continued ever since,
supplemented in recent years by LNG sales to
the Republic of Korea and Taiwan, China and by
gas supplies via pipeline to Singapore. In 2002,
spot sales of LNG were made to Spain and
the USA.

Domestic consumption of gas has become
significant in recent years, the major market
being power generation. The other principal
outlet for natural gas, apart from own use within
the oil/gas industry, is as feedstock/fuel for
industrial users. Small amounts of CNG are used
in transport, reflecting an official programme to
promote its use.

Mexico

Proved recoverable reserves (bcm) 424
Production (net bcm, 2002) 38.0
R/P ratio (years) 10.3

The Mexican WEC Member Committee
reports that proved recoverable reserves of dry
natural gas at the end of 2002 were 424 billion
m>. The proved amount in place is reported as
902 bcm, equivalent to the sum of ‘proved’ plus
‘probable’ reserves as stated by Petréleos
Mexicanos (Pemex) in their Informe Estadistico
de Labores 2002. An additional amount in
place of 480 bcm reflects the Pemex level of
‘possible’ reserves. Within the total amount of
proved reserves, just over 50% are located in
the southern region, 22% in the northern region,
18% in the marine north-east region and 10% in
the marine south-west region.

The level and distribution of Mexico’s
reserves quoted above reflect a radical restate-
ment carried out by Pemex in order to conform
with the definitions laid down by the Securities
and Exchange Commission of the United States.
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In this context, proved reserves have been
drastically reduced, while ‘probable’ and ‘poss-
ible’ reserves have been revised upwards.

Production of natural gas has been on a slowly
declining trend in recent years. The greater part
of Mexico’s gas production (73% in 2002) is
associated with crude oil output, mostly in the
southern producing areas, both onshore and
offshore.

The largest outlet for gas is as power station
fuel (37% of total inland disposals in 2001); the
energy industry consumed about 36%, industrial
fuel/feedstock 24%; and households about 2%.
Mexico habitually exports relatively small
amounts of gas to the USA and imports some-
what larger quantities.

Myanmar

Proved recoverable reserves (bcm) 445
Production (net bcm, 2002) 8.4
R/P ratio (years) 50.6

Myanmar has long been a small-scale
producer of natural gas, as of crude oil, but
its resource base would support a substantially
higher output of gas. Proved reserves are put
at 10 tcf (283 bem) by Oil & Gas Journal, but
for the purposes of the present Survey the higher
level (445 bcm) published more recently by
World Oil and Cedigaz has been utilised.

Until 2000, gas production tended to oscillate
around a slowly rising trend. With the com-
mencement of exports of natural gas to Thailand
from two offshore fields, first Yadana and
subsequently Yetagun, Myanmar’s gas industry
has entered a new phase. As offtake by
Thailand’s 3 200 MW Ratchaburi Power Plant
has built up, gas production in Myanmar has
moved onto a significantly higher level than in
the past. Domestic consumption of gas is mainly
for power generation.

Netherlands

Proved recoverable reserves (bcm) 1756
Production (net bcm, 2002) 71.2
R/P ratio (years) 24.6
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In the absence of a report from the
Netherlands WEC Member Committee, the
level of proved reserves reflects that quoted
by Oil & Gas Journal, which is marginally
higher than that reported for end-1999. They
still represent one of the largest gas resources
in Western Europe. The giant Groningen field
in the north-west of the Netherlands accounts
for almost two-thirds of the country’s proved
reserves.

Gas production has tended to fluctuate in
recent years, depending on weather conditions
in Europe, thus demonstrating the flexibility
that enables the Netherlands to play the role of
a swing producer. Nearly 60% of 1999 output
came from onshore fields, with Groningen
contributing about 40%.

Over half of Netherlands gas output is
exported, principally to Germany but also to
Italy, Belgium, France, the UK and Switzerland.
The principal domestic markets are electricity
and heat generation, the residential sector and
industrial fuel and feedstock.

New Zealand

Proved recoverable reserves (bcm) 42
Production (net bcm, 2002) 5.9
R/P ratio (years) 6.9
Year of first commercial production 1970

The Maui offshore gas/condensate field
(discovered in 1969) is the largest hydrocarbon
deposit so far discovered in New Zealand: it
presently accounts for 36% of the country’s
economically recoverable gas reserves. Effective
utilisation of its gas resources has been a key
factor in New Zealand’s energy policy since the
early 1980s.

The proved recoverable reserves adopted
for the present Survey correspond with the esti-
mates of ‘proven and probable’ reserves (or P50
values) that have been compiled by the Ministry
of Economic Development, on the basis of
information provided by field operators. These
reserves have been assessed within the context
of ‘ultimate recoverable reserves’ of about



158 billion m>. The latest assessment of proved
reserves is substantially lower than that for end-
1999, largely due to a major reduction in Maui’s
reserves.

The Maui field came into commercial
production in 1979 when a pipeline to the main-
land was completed. Three plants were com-
missioned in the 1980s to use indigenous gas,
producing (respectively) methanol, ammonia/
urea and synthetic gasoline. Nine gas fields were
in production in 2002, with Maui accounting for
over 70% of total output.

An extensive transmission and distribution
network serves industrial, commercial and resi-
dential consumers in the North Island. Small
(and declining) amounts of CNG are used in
motor vehicles.

Nigeria

Proved recoverable reserves (bcm) 5 055
Production (net bcm, 2002) 14.2
R/P ratio (years) >100
Year of first commercial production 1963

Published assessments of Nigeria’s proved
reserves of natural gas at the end of 1999 all fell
within a narrow band (3 511-3 568 bcm). Since
then disparities have emerged in respect of the
level of reserves at end-2002: although Oil &
Gas Journal has remained at the bottom of the
range, the other published sources now quote
substantially higher figures: OAPEC and OPEC
give 4 503 bcm, whilst Cedigaz and World
Oil say 5 055 bcm. The level adopted for the
present Survey is that quoted by Cedigaz in their
2001-2002 Survey.

Nigeria’s proved reserves on this basis are
now the largest in Africa, ahead of those of
Algeria, but historically its degree of gas
utilisation has been very low. Much of the
associated gas produced has had to be flared, in
the absence of sufficient market outlets. Efforts
are being made to develop gas markets, both
locally and internationally, and to reduce flaring
to a minimum. There are projects to replace
non-associated gas by associated gas in supplies
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to power stations and industrial users. Virtually
50% of Nigeria’s gross gas production of
38.1 bem in 2002 was flared or vented.

The Bonny LNG plant (commissioned in the
second half of 1999) exported 7.8 bcm of natural
gas as LNG during 2002, chiefly to Italy, Spain
and Turkey, with smaller quantities going to
France, Portugal and the USA. An expansion
of the plant was completed towards the end of
2002 and a further enlargement of Bonny is
scheduled to come on stream by end-2005. A
project is underway for the construction of a
pipeline to supply Nigerian associated gas to
power plants in Benin, Togo and Ghana.

Norway

Proved recoverable reserves (bcm) 2 120
Production (net bcm, 2002) 68.9
R/P ratio (years) 20.1
Year of first commercial production 1977

Norway’s proved reserves are the highest
in Europe (excluding the Russian Federation).
The bulk of reserves is located in the North
Sea, the rest having been discovered in the
Norwegian Sea and the Barents Sea. The level
of proved recoverable reserves reported by
the Norwegian WEC Member Committee has
risen sharply from 1 245 bcm at end-1999 to
2 120 bem at end-2002. The latter figure is set
within the context of a slightly reduced ‘proved
amount in place’ of 3 670 bcm. In addition,
some 2 510 bcm of non-proved gas is believed
to be in situ, but no estimate is available of
the quantity of gas likely to be recoverable
therefrom.

Norway’s gas production continues to follow
a rising trend. A high proportion (31% in 2002)
of output is re-injected; nearly 90% of marketed
production is exported. In 2002 supplies went
to 10 European countries, principally Germany,
France, Belgium, Italy, the UK and the
Netherlands. Apart from gas industry own use,
Norway’s internal consumption of gas is still at
a very low level, being largely confined to minor
feedstock use.
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Oman

Proved recoverable reserves (bcm) 859
Production (net bcm, 2002) 15.0
R/P ratio (years) 46.2
Year of first commercial production 1978

Oman is one of the smaller gas producers in
the Middle East, with moderate proved reserves
which have risen slowly since 1995, according
to OAPEC. The levels of reserves quoted in other
published sources fall within a fairly narrow
range, from Oil & Gas Journal’s 829 bcm to
Cedigaz at 946, with World Oil roughly midway
at 878.

Oman has developed its utilisation of gas
to such an extent that oil has long been displaced
as the Sultanate’s leading energy supplier.
Currently, the principal outlet for marketed gas
is the power generation/desalination complex
at Ghubrah. Other gas consumers include mining
and cement companies.

The Oman LNG project began operating
in early 2000, with the first shipment (to the
Republic of Korea) taking place in April. Regular
shipments of LNG are also being made to Japan,
whilst during 2002 additional supplies (including
spot cargoes) were delivered to Spain, France,
Belgium and the USA.

Pakistan

Proved recoverable reserves (bcm) 801
Production (net bcm, 2002) 22.9
R/P ratio (years) 31.1
Year of first commercial production 1955

The level of proved reserves reported by the
Pakistan WEC Member Committee for end-2002
(28 288 bcf, equivalent to 801 becm) is substan-
tially higher than that reported for end-1999 as
input to the 2001 Survey of Energy Resources
(581 bcm). The increase reflects the inclusion of
several new fields and the re-appraisal of many
others. Currently, the major gas-producing fields
are Sui in Balochistan and Qadirpur and Mari
in Sindh. Only 4% of natural gas output is asso-
ciated with oil production.
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Production of natural gas increased by 32%
over the 5 years up to 2001-2002. The major
markets for gas (excluding own use) in that year
were power generation (38%), fertiliser plants
(22%), households and commercial consumers
(20%) and industrial users (19%). Small (but
growing) quantities of CNG are consumed as a
transport fuel.

Papua New Guinea

Proved recoverable reserves (bcm) 428
Production (net bcm, 2002) 0.1
R/P ratio (years) >100
Year of first commercial production 1991

The Hides gas field was discovered in 1987
and brought into production in December 1991.
Other resources of non-associated gas have
been located in PNG, both on land and offshore.
Published assessments of proved reserves
range between Oil & Gas Journal’s 346 and
the 428 bem quoted by Cedigaz, with World Oil
positioned roughly midway at 381 bcm: for the
present Survey, the level given by Cedigaz has
been retained.

Up to the present, the only marketing outlet
for Hides gas has been a 42 MW gas-turbine
power plant serving the Porgera gold mine;
offtake averages 14—15 million cubic feet/day.
Associated gas produced in the Kutubu area is
mostly re-injected into the formation.

The Highlands Gas Project for a gas export
pipeline to Australia recorded some progress in
2003, with the signing of conditional agreements
with two Australian prospective customers. The
proposed pipeline includes a 500 km undersea
section across the Torres Strait and 2 100 km
of line following a route southwards close to
the coastline of Queensland.

Peru
Proved recoverable reserves (bcm) 245
Production (net bcm, 2002) 04

R/P ratio (years) > 160



There is virtual consensus among the main
published sources with regard to Peru’s gas
reserves: for the present Survey, Oil & Gas
Journal’s assessment of 8 655 bef (only margin-
ally lower than the end-1999 figure of 9 000 bcf)
has been adopted. Gas output is mostly associ-
ated with oil production; an appreciable proport-
ion of production (36% in 2002) is re-injected,
whilst about 18% is flared or vented.

Marketed production of gas has averaged
around 0.4 bcm/yr in recent times. Consumption
is divided approximately equally between power
stations and the upstream operations of the oil
and gas industry.

Qatar

Proved recoverable reserves (bcm) 25 783
Production (net bcm, 2002) 29.5
R/P ratio (years) >100
Year of first commercial production 1963

Qatar’s gas resources far outweigh its oil
endowment: its proved reserves of gas of almost
26 trillion m® (as quoted by Cedigaz, OAPEC,
OPEC and World Oil) are only exceeded within
the Middle East by those reported by Iran, and
account for about 15% of global gas reserves.
Although associated gas has been discovered in
oil fields both on land and offshore, the key
factor in Qatar’s gas situation is non-associated
gas, particularly that in the offshore North Field,
one of the largest gas reservoirs in the world.

Production of North Field gas began in
1991 and by 2002 Qatar’s total annual gross
production had risen to about 38 bcm; 10% was
re-injected and nearly 12% lost through shrink-
age. The gas consumed locally is principally
for power generation/desalination, fertiliser
and petrochemical production and gas industry
own use.

Since the end of 1996, Qatar has become a
substantial exporter of LNG; in 2002, shipments
exceeded 18 billion m® of gas, of which 46% was
consigned to Japan, 38% to the Republic of
Korea, 9% to Spain and smaller percentages to
the USA, Belgium, Puerto Rico and Italy.
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Romania

Proved recoverable reserves (bcm) 163
Production (net bcm, 2002) 12.1
R/P ratio (years) 13.0

The Romanian WEC Member Committee
reports proved recoverable reserves of 163.3
billion m>, a substantial reduction on the 405.6
bem reported for the 2001 Survey. The reported
additional amount of ‘unproved’ gas in place
has fallen from 370.6 to 100.6 bcm. The propor-
tion of proved recoverable reserves that is non-
associated with crude oil is reported to be 76.5%.

After peaking in the mid-1980s, Romania’s
natural gas output has been in secular decline,
falling to around 12 bcm in 2002, only about
one-third of its peak level. Indigenous produc-
tion currently supplies about 75% of Romania’s
gas demand; the principal users are power
stations, CHP and district heating plants, the
steel and chemical industries and the residential/
commercial sector.

Russian Federation

Proved recoverable reserves (bcm) 47 000
Production (net bcm, 2002) 595.3
R/P ratio (years) 77.3

The gas resource base is by far the largest in
the world: current estimates of Russia’s proved
reserves (quoted as 47 000 bcm by Cedigaz) are
about 75% greater than those of Iran and nine
times those of the USA. Other major published
sources quote figures similar to the level given
by Cedigaz. The greater part (77%) of the Feder-
ation’s reserves are located in West Siberia,
where the existence of many giant, and a number
of super-giant, gas fields has been proved.

The Federation’s net natural gas production
of 595.3 bcm in 2002 accounted for almost 23%
of the world total.

Russia is easily the largest exporter of natural
gas in the world: in 2002, according to Cedigaz,
its exports totalled 207 bcm, of which 86 bcm
went to Western Europe, 41 bcm to Central
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Europe and the balance to former republics of
the Soviet Union.

Saudi Arabia

Proved recoverable reserves (bcm) 6 343
Production (net bcm, 2002) 56.7
R/P ratio (years) >100
Year of first commercial production 1961

Note: Saudi Arabia data include its share of Neutral Zone.

Most of Saudi Arabia’s proved reserves and
production of natural gas are in the form of
associated gas derived from oil fields, although a
number of sources of non-associated gas have
been discovered. In total, proved reserves of gas
(as given by OAPEC) rank as the third largest in
the Middle East. Other published assessments of
Saudi Arabian reserves range fairly narrowly
from Oil & Gas Journal’s 6 363 bcm to OPEC’s
6 646, with Cedigaz (6 540) and World Oil
(6 643) at intermediate levels.

Output of natural gas has advanced fairly
steadily during the past 10 years. A significant
factor in increasing the utilisation of Saudi
Arabia’s gas resources has been the operation
of the gas-processing plants set up under the
Master Gas System, which was inaugurated
in the mid-1980s. These plants produce large
quantities of ethane and LPG, which are used
within the country as petrochemical feedstock; a
high proportion of LPGs is exported. The main
consumers of dry natural gas (apart from the gas
industry itself) are power stations, desalination
plants and petrochemical complexes.

Thailand

Proved recoverable reserves (bcm) 441
Production (net bcm, 2002) 20.0
R/P ratio (years) 21.0
Year of first commercial production 1981

Thailand’s WEC Member Committee reports
proved recoverable reserves at end-2002 as
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15 578 bef (equivalent to 441 billion m?).
Non-associated gas accounts for 98% of the
reported level of proved reserves. In addition to
the proven quantities, the Committee reports an
additional 9 096 bef (258 bcm) as considered
to be recoverable in due course. Other published
assessments of Thailand’s proved gas reserves
fall short of the level reported for the present
Survey: they range from World Oil’s 365 bcm
to Cedigaz at 385 bcm, with Oil & Gas Journal
in between at 378.

Since its inception 20 years ago, Thailand’s
natural gas output has grown almost unremit-
tingly year after year. Much the greater part of
Thailand’s gas output is used for electricity
generation; industrial use for fuel or chemical
feedstock is relatively small, whilst transport use
(CNG) is at present minimal.

Thailand began to import natural gas from
Myanmar in 1999; in 2002 the volume involved
was 6.2 bem.

Trinidad & Tobago

Proved recoverable reserves (bcm) 589
Production (net bcm, 2002) 17.3
R/P ratio (years) 30.7

Trinidad’s proved reserves of natural gas, as
assessed by Cedigaz, fell by about 2% between
end-1999 and end-2002. Other published assess-
ments are reasonably close: OPEC at 558 bcm,
World Oil at 576 bcm and Oil & Gas Journal
somewhat higher at 664.

Marketed production of gas has increased
rapidly during recent years, as exports from
the Atlantic LNG plant (inaugurated in 1999)
have built up. Local consumption is also on
the increase, reflecting a government policy
of promoting the utilisation of indigenous gas
through the establishment of major gas-based
industries: fertilisers, methanol, urea and steel.
In 2001 the chemical and petrochemical indus-
tries accounted for about 39% of Trinidad’s
gas consumption, power stations for 19% and
other industry (including iron and steel) for 11%;



the balance of consumption is accounted for by
use/loss within the gas supply industry.

Turkmenistan

Proved recoverable reserves (bcm) 2 010
Production (net bcm, 2002) 53.5
R/P ratio (years) 37.6

Apart from the Russian Federation, Turkme-
nistan has the largest proved reserves of any of
the former Soviet republics: for the present
Survey, the level quoted by Oil & Gas Journal
(and also by OAPEC) has been adopted. Cedigaz
gives Turkmenistan’s proved reserves as
2 900 bem and states that its total gas resources
have been evaluated at 22.9 trillion m>. Many
gas fields have been discovered in the west of the
republic, near the Caspian Sea, but the most
significant resources have been located in the
Amu-Daria Basin, in the east.

Gas deposits were first discovered in 1951
and by 1980 production had reached 70 bcm/yr.
It continued to rise throughout the 1980s, but by
1992 a serious contraction of the republic’s
export markets had set in and output fell sharply.
Natural gas output recovered in 1999, and has
since advanced to 53.5 bem in 2002. Exports to
Iran amounted to 4.9 bcm in that year.

Ukraine

Proved recoverable reserves (bcm) 1110
Production (net bcm, 2002) 18.8
R/P ratio (years) 59.0

In the absence of a report from the Ukrainian
WEC Member Committee, the adopted level of
proved reserves at end-2002 reflects that quoted
by Cedigaz (Oil & Gas Journal gives a similar
figure). For the purpose of the 2001 Survey of
Energy Resources, the Ukrainian WEC Member
Committee reported proved recoverable reserves
as 825 bem at end-1999, within a proved amount
in place of 1 118 bem. Gas associated with crude
oil was stated to account for only about 4% of
the proved reserves. Over and above the proved
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quantities, there were estimated to be about
368 bcm of gas in place, of which only some
10 bem was likely to be recoverable.

Ukraine’s output of natural gas has been
virtually flat for the past 10 years. The republic is
one of the world’s largest consumers of natural
gas: demand reached 137 bcm in 1990. Although
consumption had fallen back to about 70 bcm
by 2002, indigenous production met only 27% of
local needs; the balance was imported from
Russia and Turkmenistan. The principal areas of
consumption are households, industry and the
generation of electricity and bulk heat.

United Arab Emirates

Proved recoverable reserves (bcm) 6 003
Production (net bcm, 2002) 43.4
R/P ratio (years) >100
Year of first commercial production 1967

Four of the seven emirates possess proved
reserves of natural gas, with Abu Dhabi
accounting for by far the largest share. Dubai,
Ras-al-Khaimah and Sharjah are relatively
insignificant in regional or global terms. Overall,
the UAE accounts for about 8% of Middle East
proved gas reserves.

OAPEC’s published level of UAE gas
reserves (6 003 bcm) is unchanged from that
quoted in the 2001 Survey of Energy Resources.
Apart from World Oil, which gives a figure of
5 778 bcm, the other main published sources
(Cedigaz, Oil & Gas Journal and OPEC), all
quote UAE reserves within a narrow band
(6 000—6 100 bcm).

Two major facilities—a gas liquefaction plant
on Das Island (brought on-stream in 1977) and
a gas-processing plant at Ruwais (in operation
from 1981)—transformed the utilisation of Abu
Dhabi’s gas resources. Most of the plants’ output
(LNG and NGLs, respectively) is shipped to
Japan. In 2002, other LNG customers comprised
Spain and the Republic of Korea.

Within the UAE, gas is used mainly for
electricity generation/desalination, and in plants
producing aluminium, cement, fertilisers and
chemicals.
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United Kingdom

Proved recoverable reserves (bcm) 604
Production (net bcm, 2002) 102.1
R/P ratio (years) 5.5
Year of first commercial production 1955

The UK is Europe’s leading offshore gas
producer, but its proved reserves are much
smaller than those of Norway. The data on gas
resources and reserves adopted for the present
Survey are based on those reported in The Digest
of United Kingdom Energy Statistics 2003,
published by the Department of Trade and
Industry.

Proved recoverable reserves are deduced as
604 bcm, being the remainder obtained after
subtracting ‘cumulative production to end of
2002’ (1 726 bcm) from ‘total initial reserves in
present discoveries’ (2 330 bem). In this context
the DTI defines proven reserves as those which
on the available evidence are virtually certain
to be technically and economically producible
(i.e. those reserves with a better than 90% chance
of being produced). ‘Probable’ reserves (with a
better than 50% chance of being technically and
economically producible) are put at 375 bcm,
whilst ‘possible’ reserves (with a significant, but
less than 50%, chance) are estimated as 330 bcm.

Natural gas production rose year by year
during the 1990s, reflecting burgeoning con-
sumption in the power generation sector and
higher exports at the end of the decade, follow-
ing the commissioning of the Interconnector
pipeline between Bacton in the UK and
Zeebrugge in Belgium, in October 1998. Total
output peaked in 2000, with both 2001 and 2002
registering annual decreases of around 2.5%.

United States of America

Proved recoverable reserves (bcm) 5 366
Production (net bcm, 2002) 539.4
R/P ratio (years) 9.3

The USA possesses the world’s sixth largest
proved reserves of natural gas, and accounts for
just over 3% of the global total. Apart from
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the Russian Federation and the United States,
all other countries in the top 10 for gas reserves
are members of OPEC.

During the 3 years since the last edition of the
Survey of Energy Resources, US gas reserves
have registered an increase of 19 540 bcf, or
about 553 bcm. Net additions to reserves in
2000-2002 totalled 77.9 tcf, an amount 33.5%
greater than the 58.4 tcf of gas produced during
the same period. The figure of 5 366 bcm
tabulated above is derived from total proved
reserves of dry natural gas at end-2002, as given
by the Energy Information Administration in its
U.S. Crude Oil, Natural Gas and Natural Gas
Liquids Reserves 2002 Annual Report. For the
purposes of the present Survey, the original
data in billion cubic feet at 14.73 psia and 60 °F
have been transformed into standard SER terms
(1013 mb and 15°C) by means of separate
adjustments for pressure and temperature.

The increase in reserves was due partly to
discoveries (field extensions, new field discov-
eries and new reservoir discoveries in old fields,
totalling 59.7 tcf in 2000-2002), partly to revi-
sions and adjustments to estimates for old fields
(11.2 tcf) and partly to the net balance of sales
and acquisitions (7.0 tcf). Total discoveries
during 2002 amounted to nearly 18 tcf; the
largest component comprised field extensions,
notably in Texas, Wyoming, Colorado, Okla-
homa and New Mexico.

About 84% of proved reserves consist of
non-associated gas. The states with the largest
gas reserves at end-2002 were Texas (23.7% of
the USA total), New Mexico (9.3%), Wyoming
(11.0%) and Oklahoma (8.0%). Reserves in the
Federal Offshore areas in the Gulf of Mexico
accounted for 13.5% of the total.

Uzbekistan

Proved recoverable reserves (bcm) 1 875
Production (net bcm, 2002) 58.4
R/P ratio (years) 32.1

The republic’s first major gas discovery
(the Gazlinskoye field) was made in 1956 in
the Amu-Daria Basin in western Uzbekistan.



Subsequently, other large fields were found in
the same area, as well as smaller deposits in the
Fergana Valley in the east.

For the present Survey, proved recoverable
reserves have been retained at the level quoted
by Oil & Gas Journal.

Uzbekistan is a major producer of natural
gas: its 2002 net output was, for example, greater
than that of Saudi Arabia or Malaysia. It exports
gas to its neighbouring republics of Kazakhstan,
Kyrgyzstan and Tajikistan.

The principal internal markets for natural gas
are the residential/commercial sector, power
stations, CHP and district heating plants, and
fuel/feedstock for industrial users. Some use is
made of CNG in road transport.

Venezuela

Proved recoverable reserves (bcm) 4179
Production (net bcm, 2002) 29.8
R/P ratio (years) >100

Venezuela has by far the biggest natural
gas industry in South America, possessing two-
thirds of its proved reserves and accounting
for 33% of regional marketed production in
2002. In its 2000 Annual Report, the Venezuelan
state oil and gas company Petréleos de Vene-
zuela, S.A. (PDVSA) states that its proved
reserves of natural gas at the end of 2000 were
147 585 bef (4 179 bem). As the latest figure
released by the state oil and gas company, this
figure has been adopted for the present Survey.
Published sources quote very similar levels for
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end-2002 (all in bcm): OAPEC 4 174; Oil & Gas
Journal 4 191; OPEC 4 191; Cedigaz 4 195;
World Oil 4 225.

Substantial quantities of Venezuela’s natural
gas (amounting to nearly 35% of gross output
in 2002) are re-injected in order to boost or
maintain reservoir pressures, while smaller
amounts (5%) are vented or flared; about 10%
of production volumes are subject to shrinkage
as a result of the extraction of NGLs.

The principal outlets for Venezuelan gas
are power stations, petrochemical plants and
industrial users, notably the iron and steel and
cement industries. Residential use is on a
relatively small scale.

Yemen

Proved recoverable reserves (bcm) 396
Production (net bcm, 2002)

R/P ratio (years) >100

Yemen has appreciable reserves of natural
gas—currently quoted by OAPEC as 396 bcm—
but no commercial utilisation has so far been
established. Cedigaz, Oil & Gas Journal and
World Oil give a somewhat higher level of
proved reserves (c. 480 bcm).

A project for the construction of an LNG
plant at Bal Haf, with a capacity of 6.2 million
tonnes of LNG per annum, has been stalled since
mid-2002, when two of the partners in the
Yemen LNG consortium withdrew.
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Overview

Since the turn of the millennium, the
international uranium industry has witnessed
quite a turnaround in world market prices.
Uranium spot prices rebounded from an histori-
cal low of US$ 7.10/1b U304 in late 2000, when
prices approached production costs, or perhaps
even dropped below for some uranium produ-
cers, to US$ 14.50/1b U30g by the end of 2003
(see Fig. 6.1).

The natural uranium market remained
characterised by a large disparity between global
reactor requirements and mine production. The
demand—supply disparity emerged in the early
1990s (see Fig. 6.2) when secondary supplies
from uranium stocks that had accumulated from
surplus production prior to 1990 began to
supplement freshly mined uranium. Nuclear
fuel produced by reprocessing spent reactor
fuels, from surplus military plutonium, from
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down-blending highly enriched military uranium
(HEU) and from re-enrichment of depleted
uranium tails also began to curtail demand for
freshly mined uranium. The disparity that began
in the early 1990s has widened rather steadily
through the end of 2003. Currently, freshly
mined uranium accounts for just over half of the
global annual reactor demand with the balance
provided by secondary sources.

With short-run growth in global reactor
requirements expanding at only 2.6% annually
and existing and committed global uranium
production capabilities more than 30% greater
than current production levels, what then caused
the price increase in 20037 Are secondary
sources, including inventories, about to dry up?
Or has the recent upswing in price anything to do
with a perceived future supply gap on the part of
market participants and the belief that bid-up
prices are needed to stimulate production and
avoid a supply shortfall in the future? The answer
is not really. What the market has witnessed is a
‘production gap’ or thinness of spot supplies
(Ux Weekly, 2003), largely caused by the preced-
ing low price period and exacerbated by events
such as the temporary shutdown of the McArthur
River mine in Canada due to flooding in April
2003, the contract dispute between Globe
Nuclear Services & Supply and Russia’s Tech-
snabexport, uncertainty about the long-term
prospects for the Rdssing uranium mine in
Namibia, and the regulatory problems at Hon-
eywell’s conversion facility in Illinois. In short,
prices have been driven up by low inventories
and the relative scarcity of spot supplies and not
by a perceived future supply scarcity.

The ‘production gap’ is the result of the roller-
coaster price decay that started in mid-1996 due
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FIGURE 6.1 Uranium spot prices, 1990—2003 (Source: The Ux Consulting Company, LLC).

to market surpluses which caused the closure of
mines, reduction of production and postpone-
ment of new mine projects. Because production
has not yet responded to the recent price signals,
the market, in the short run, will essentially
depend on secondary supplies. There have been
calls for the additional release of government-
controlled HEU to mitigate further spot price

80

increases. However, if higher prices are needed
to stimulate production, pitching more HEU at
the market might dampen the industry’s pro-
pensity to invest in the additional production
capacity required for adequate longer term
supplies.

In the long term the supply of uranium will
have to come from primary production. Present
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FIGURE 6.2 Annual global reactor requirements and world uranium mine production (Source: Uranium 2003:
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levels will not be increased, however, until
producers see an adequate price and return on
their investment. Known uranium reserves are
more than enough to cover the requirements of
existing reactors during their lifetimes and
beyond and are likely to continue to increase
as exploration progresses, but new production
takes many years to be brought online and, until
recently, has not been encouraged by the low
prices of uranium. In these circumstances,
periods of imbalance between supply and
demand causing future shortages and consider-
able price volatility cannot be excluded. By the
same token, any future surplus capacity or
increase in secondary supplies will exert down-
ward pressures on uranium market prices.

Whilst the price rise in 2003 was not due to
the perception of a supply gap, it may have
provided the market with a glimpse of what may
happen in the future if supplies fall short of
meeting demand.

Production

Since 2000, annual world uranium mine
production has fluctuated around 36 000 tU,
with a high of 37 020 tU in 2001 and a low of
approximately 35 400 tU expected for 2003 (see
Fig. 6.2). In 2002, uranium was produced in 20
countries, one less than in 2001 as production
ceased in Portugal. The number declined further
to 19 producing countries in 2003 as production
ceased also in Spain that year. Canada and
Australia account for around 50% of world
production (51% in 2002 and 48% in 2003).
Australia and Canada together with five other
countries (Kazakhstan, Namibia, Niger, the
Russian Federation and Uzbekistan) account
for almost 90% of globally mined uranium.

Open-pit and underground mining and con-
ventional milling continue to be the dominant
uranium production technologies, accounting for
70.3% of total production in 2001, and 69.9% in
2002. These values are slightly lower than the
2000 value of 71% due to the closure of open-pit
and underground operations in France, Portugal,
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Spain and Kazakhstan, as well as decreased
production in Namibia. The increased in situ
leaching (ISL) component in 2002 is the result of
increased production in Kazakhstan and
Australia (Beverley) offsetting decreased pro-
duction in the United States and Uzbekistan. One
further mining technique is uranium production
as a co-product or by-product from copper and
gold operations. The volumes of by-product
uranium depend on the market situations of the
respective main products. Small amounts of
uranium are also recovered from water treatment
and environmental restoration activities.

Canada remained the world’s leading produ-
cer (11 607 tU or 32% of world production), as
increased McArthur River and Cluff Lake
production exceeded the decline in Rabbit
Lake output in 2002. Production in 2003 is
expected to decline to 9 700 tU, as Cluftf Lake
was definitively closed at the end of 2002 and
operations were suspended at the McArthur
River mine in April 2003 for 3 months due to
flooding. Australia, the only producing country
in the Pacific region, reported a decline in output
from 7 579 tU in 2000 to 6 854 tU in 2002 (19%
of world production), due to constrained pro-
duction at Olympic Dam following a fire in the
solvent extraction circuits. In 2001, ISL pro-
duction started at the Beverley mine, and
production in Australia is expected to increase
to 7 070 tU in 2003.

Production in the Russian Federation
increased from 2 760 tU in 2000 to 2 850 tU in
2002. Most of this production came from the
Priargunski mine, although 100 tU were pro-
duced in 2002 at the new Dalur ISL facility at the
Dalmatovskoe deposit in the Transural district.
Production in Russia is expected to increase to
3 070 tU in 2003.

Three countries in Africa, Namibia, Niger
and South Africa, contributed about 17% to world
production in 2002. Although production in
Namibia decreased due to unfavourable exchange
rates from 2 715 tU in 2000 to 2 333 tU in 2002,
the opening of a new mine at Langer Heinrich
could increase production by 1 000 tU in 2006.
Despite the closure of the uranium recovery
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facility at the Palabora copper mine, production in
South Africa remained essentially unchanged.
Niger’s production increased from 2 914 tU in
2000 to 3 080 tU in 2002 through stepped up
output from the Arlit and Akouta mines.

Production in the United States declined to
902 tU in 2002, down from 1 522 tU in 2000.
Almost all the production came from three ISL
operations, with a small amount recovered from
ISL restoration and mine water treatment
activities. The last conventional uranium mills
closed in 2002. In late 2003, Uranium Resources
Inc., a company that had been on the verge of
going out of business, announced that it was
planning to resume uranium production in Texas
and had signed several new contracts.

Brazil was the only producing country in
Central and South America in 2001 and 2002.
Estimated production increased to 272 tU in
2002, as the Lagoa Real production centre
reached full capacity. In Argentina, the Sierra
Pintada mine, which was placed on standby in
1999, is expected to restart production in 2005.

In Germany, 27 tU were recovered from
mine rehabilitation efforts in 2001 which
increased to 221tU in 2002. It is expected
that 150 tU will be recovered in 2003, as mine
flooding has reached levels containing sulphuric
acid and dissolved uranium from previous
operations. The remaining Western European
output (from France and Spain) was also
derived from clean-up operations and water
treatment.

Production in Kazakhstan rose from 1 870 tU
in 2000 to 2 822 tU in 2002, and is expected to
further increase to 3 315 tU in 2003 as market
conditions and export relations continue to
improve. Mine tests have started at the Katco
and Inkai ISL mines. During the same period,
production in Uzbekistan decreased from
2 028 tU in 2000 to 1 859 tU in 2002, but is
expected to increase to 2 300 tU in 2003. India
and Pakistan do not report production infor-
mation, but their 2002 output is estimated to
have increased slightly from 2000 by 230 and
38 tU, respectively. China, the only producing
country in East Asia, does not report official
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production figures. Production is estimated to
have been 700 tU in 2001 and 730 tU in 2002.

Exploration

Worldwide uranium exploration continues to
be unevenly distributed geographically, with the
majority of exploration expenditures being
concentrated in areas considered to have the
best likelihood for the discovery of economi-
cally attractive deposits, mainly unconformity
related and sandstone-type deposits.

Annual expenditures in uranium exploration
increased from 1999 to 2000 where a total of
21 countries reported domestic expenditures of
about US$ 115.2 million (see Fig. 6.3), 16% higher
than in the previous year. In 2001, the declining
trend in exploration expenditures resumed, with
only 18 countries reporting exploration activities
amounting to about US$ 89 million. In 2002,
domestic exploration expenditures totalled about
US$ 95.1 million, an increase of about 7%
compared to the 2001 total. 17 countries reported
exploration expenditures in 2002, though only
9 countries, i.e. Australia, Canada, China, Egypt,
India, Kazakhstan, Niger, Russia and Uzbekistan
accounted for about 96% of total domestic
exploration expenditures.

Resources

Recent and detailed information on uranium
resources is reported in the publication Uranium
2003: Resources, Production and Demand (Red
Book), a joint report of the OECD Nuclear
Energy Agency and the International Atomic
Energy Agency. The Red Book contains infor-
mation on 47 countries with reported uranium
resources. The resources are classified by the
level of confidence in the estimates, and by
production cost categories. The known conven-
tional resources are classified as Reasonably
Assured Resources (RAR) and Estimated
Additional Resources I (EAR-I) and are reported
as recoverable quantities, while undiscovered
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FIGURE 6.3 Trend in annual exploration expenditures (Source: Uranium 2003: Resources, Production and Demand.).

resources classified as Estimated Additional
Resources II (EAR-II) and Speculative
Resources (SR) are reported as in situ.

As of 1 January, 2003, total known conven-
tional resources (RAR and EAR-I) with recovery
costs of less than US$ 80/kgU (or US$ 36/1bU)
amounted to about 3 537 000 tU, and to about
4 589 000 tU for recovery costs of less than US$
130/kgU (or US$ 59/IbU). Compared to 1999
levels, recoverable quantities increased signifi-
cantly for both cost categories by 188 000 and
210 000 tU, respectively. Since 1999 known
resources in the less than US$ 40/kgU cost
category have grown by about 66% or 687 000 to
1 730 500 tU, mainly due to increases in this
category reported by Australia, Canada, China
and Niger. In fact, Australia, which holds 40% of
these low-cost resources, reported for the first
time in this category in 2001. The resources in
the less than US$ 40/kgU cost category (which
represent about 25 years of 2002 global reactor
uranium requirements) provide the potential for
maintaining the economic competitiveness of
nuclear electric programmes by helping to
assure that low-cost fuel supplies are available
for a sustained period.

Total undiscovered conventional resources
(EAR-II and SR) in 2003 amount to about
9 794 000 tU, a decline of some 2 477 000 tU
from the total reported in 2001, mainly due to
reductions reported by China and the Russian
Federation. However, reporting of SR is incom-
plete, as only 28 countries reported, compared to
43 countries that reported known resources.

Outlook

Market conditions are the primary driver of
decisions to develop new, or expand existing,
primary production centres. As market prices
increase, or expectations of a sustained price
increase develop, new production could be
developed in order to meet increased demand.
Yet a key element influencing market price is the
availability of secondary sources of uranium,
particularly the level of stocks available and the
length of time these stocks will last.

In the short run, the outlook for uranium
producers remains fraught with uncertainty. The
large natural uranium, HEU and plutonium
stocks held in various forms by the military in
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the Russian Federation and the United States are
equivalent to several years of global civilian
reactor requirements. Accurate information on
secondary sources of uranium, especially
uranium inventory levels, is not readily avail-
able. How much, how fast and how soon these
secondary sources will be commercially avail-
able are the crucial questions affecting the
propensity of the industry to invest in capacity
expansion. From known quantities of secondary
sources, the current insufficiency of world
primary uranium production capacity to meet
global requirements is expected to continue,
possibly to 2020. Moreover, in the absence of
sufficiently high price expectations of at least
US$ 15/1b, which should suffice to bring online a
portion of currently idle production capabilities,
the uranium market may witness periods of
volatile spot prices. Current production (around
36 000 tU) amounts to some 75% of the stated
production capability (47 260 tU) of the
uranium industry.

The addition of planned and prospective
production centres by 2005 could increase total
capability to 51 155 tU. Further subsequent
planned and prospective centres are projected
to more than compensate for expected closures
of existing mines due to resource depletion,
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thereby bringing the total to 63 939 tU/yr in
2010. This level of uranium production capa-
bility is projected to remain relatively stable
throughout the following decade.

World uranium requirements were about
68 400 tU in 2003 and are projected to lie within
arange of 72 000—86 000 tU/yrby 2020. In short,
secondary sources will have to be used to balance
demand and supply. Provided non-production
supplies are forthcoming, primary and secondary
sources should be able to meet all the require-
ments. Nevertheless, unexpected delays or inter-
ruptions of secondary supplies could create
market instability and price volatility.

It should be unequivocally noted that con-
ventional world uranium resources are more than
adequate to meet nuclear fuel requirements for
decades to come and pose no limitation on the
future growth of nuclear energy. Exploitation of
undiscovered conventional resources, especially
as the geographical coverage of uranium
exploration is far from complete, could increase
this to several hundreds of years, although
significant exploration and development efforts
would be required to move these resources to
more definitive categories.

However, one crucial consideration in eval-
uating future supply and demand balances is



the time needed to discover uranium and develop
new production capability. The lead time for
discovery and the development of new uranium
production facilities has historically been in the
order of one to two decades, owing to a number
of factors, e.g. business decisions, environmental
challenges and technical difficulties.
Notwithstanding the variety of causes, these
long lead times underscore the importance of
making decisions to pursue new production
capabilities well in advance of any supply
shortfall. Without accurate information on
secondary sources, there exists the potential for
supply—demand imbalances as secondary
sources become exhausted. This could result in
significant upward pressure on uranium prices.
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Unconventional resources, including phos-
phate deposits and seawater, contain vast
amounts of uranium and their use could fuel
nuclear energy for millennia if advanced reactor
and fuel cycle technologies are deployed. Thus,
sufficient nuclear fuel resources exist to meet
energy demands at current and increased levels
well into the future. However, to reach this
potential considerable research, development
and demonstration efforts and investment
are required, both to develop new extraction
technologies in a timely manner and also to
allow promising technologies to reach their
potential.

H.-Holger Rogner
International Atomic Energy Agency
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DEFINITIONS

Uranium does not occur in a free metallic state in
nature. It is a highly reactive metal that
interacts readily with non-metals, and is an
element in many intermetallic compounds.

This Survey uses the system of ore classification
developed by the Nuclear Energy Agency
(NEA) of the Organisation for Economic
Cooperation and Development (OECD) and
the International Atomic Energy Agency
(IAEA). However, the names given to
the classes as defined below are different
because the WEC tries to use similar terms
to define comparable classes of reserve for
each of the energy sources covered in the
Survey.

Estimates are divided into separate categories
according to different levels of confidence in
the quantities reported.

The estimates are further separated into cat-
egories based on the cost of uranium
recovered at ore-processing plants. The cost
categories are: less than US$ 40/kgU; USS$
40-80/kgU and US$ 80-130/kgU. Costs
include the direct costs of mining, transport-
ing and processing uranium ore, the associ-
ated costs of environmental and waste
management, and the general costs associated
with running the operation (as defined by the
NEA). The resource data quoted in the present
Survey reflect those published in the 2003
‘Red Book’. Cost categories are expressed in
terms of the US dollar as at 1 January, 2003.

The WEC follows the practice of the NEA/
IAEA and defines estimates of discovered
reserves in terms of uranium recoverable
from mineable ore and not uranium con-
tained in the ore (i.e. to allow for mining and
processing losses). Although some countries
continue to report in situ quantities, the
major producers generally conform to these
definitions.

All resource estimates are expressed in terms of
tonnes of recoverable uranium (U), not
uranium oxide (U5Og).
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Note: 1 tonne of uranium = approximately 1.3
short tons of uranium oxide;

US$ 1 per pound of uranium oxide = US$ 2.60
per kilogram of uranium;

1 short ton U305 = 0.769 tU.

Proved reserves correspond to the NEA cat-
egory ‘Reasonably Assured Resources’
(RAR), and refer to recoverable uranium
that occurs in known mineral deposits of such
size, grade and configuration that it could be
recovered within the stated production cost
ranges with currently proven mining and
processing technology. Estimates of tonnage
and grade are based on specific sample data
and measurements of the deposits, together
with knowledge of deposit characteristics.
Proved reserves have a high assurance of
existence.

Estimated additional amounts recoverable
corresponds to the NEA category ‘Estimated
Additional Resources—Category I’ (EAR-I),
and refers to recoverable uranium (in
addition to proved reserves) that is expected
to occur (mostly on the basis of direct
geological evidence) in extensions of well-
explored deposits and in deposits for which
geological continuity has been established,
but where specific data and measurements of
the deposits and knowledge of their charac-
teristics are considered to be inadequate to
classify the resource as a proved reserve.

Such deposits can be delineated and the uranium
subsequently recovered, all within the stated
production cost ranges. Estimates of tonnage
and grade are based primarily on knowledge
of the deposit characteristics as determined in
its best-known parts or in similar deposits.
Less reliance can be placed on the estimates
in this category than on those for proved
reserves.

Other amounts expected to be recoverable at
up to US$ 130/kgU refers to uranium in
addition to proved reserves and estimated
additional amounts recoverable, and corre-
sponds to the sum of the two NEA categories,
‘Estimated Additional Resources—Category
I’ (EAR-II) and ‘Speculative Resources’



(SR). This category includes estimates of
undiscovered uranium resources. These may
refer to deposits believed to exist in well-
defined geological trends or areas of miner-
alisation with known deposits. Estimates of
such deposits are on the basis that they can be
discovered, delineated and the uranium
subsequently recovered at up to US$
130/kgU. Estimates of tonnage and grade
are based primarily on the knowledge of the
deposit characteristics in known deposits
within the respective trends or areas and on
such sampling, geological, geophysical or
geochemical evidence as may be available.
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They include deposits that are thought to
exist mostly on the basis of indirect evidence
and geological extrapolations relating to
deposits discoverable with existing explora-
tion techniques.

Annual production is the production output of

uranium ore concentrate from indigenous
deposits, expressed as tonnes of uranium.

Cumulative production is the total cumulative

production output of uranium ore concentrate
from indigenous deposits, expressed as
tonnes of uranium, produced in the period
from the initiation of production until the end
of the year stated.
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TABLE 6.1

Uranium: proved reserves (RAR) as at 1 January, 2003 (conventional resources recoverable at

up to US$ 130/kgU)

Recoverable at (thousand tonnes of uranium) Total recoverable at

up to US$ 130/kgU
<USS$ 40/kgU US$ 40-80/kgU <US$ 80/kgU USS 80-130/keU (thousand tonnes of

uranium)
Algeria 19.5 19.5
CAR 6.0 6.0 12.0
Congo (DR) 1.4 1.4
Gabon 4.8 4.8
Malawi 8.8 8.8
Namibia 57.3 82.0 139.3 31.2 170.5
Niger 89.8 12.4 102.2 102.2
Somalia 5.0 5.0
South Africa 119.2 112.5 231.7 83.7 315.3
Zimbabwe 1.4 1.4
Total Africa 510.2 640.8
Canada 297.3 36.6 333.8 333.8
Greenland 20.3 20.3
Mexico 1.3 1.3
USA 102.0 243.0 345.0
Total N. America 435.8 700.4
Argentina 4.8 0.1 4.9 2.2 7.1
Brazil 26.2 60.0 86.2 86.2
Chile 0.6
Peru 1.2 1.2
Total S. America 92.3 95.0
China 26.2 8.8 35.1 35.1
India 41.0
Indonesia 0.3 0.3 4.3 4.6
Japan 6.6
Kazakhstan 280.6 104.0 384.6 145.8 530.5
Mongolia 8.0 38.3 46.2 46.2
Thailand N N
Turkey 6.8 6.8 6.8
Uzbekistan 61.5 61.5 18.1 79.6
Vietnam 1.0
Total Asia 534.6 751.4
Bulgaria 1.7 4.2 5.9 59
Czech Republic 0.8 0.8 0.8
Finland 1.1 1.1
Germany 3.0 3.0
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TABLE 6.1 (Continued)

Recoverable at (thousand tonnes of uranium) Total recoverable at

up to US$ 130/kgU
<USS 40/kgU USS$ 40-80/kgU <US$ 80/kgU US$ 80-130/keU (ghousand tonnes of

uranium)
Greece 1.0 1.0 1.0
Italy 4.8 4.8
Portugal 7.5 7.5
Romania 33 3.3
Russian Fed. 52.6 714 124.1 19.0 143.0
Slovenia 2.2 2.2 2.2
Spain 2.5 2.5 2.5 49
Sweden 4.0 4.0
Ukraine 154 19.3 34.6 30.0 64.7
Total Europe 183.3 246.2
Iran (Islamic Rep.) 0.4 0.4
Total M. East 04
Australia 689.0 13.0 702.0 33.0 735.0
Total Oceania 702.0 735.0
Total World 2 458.2 3169.3

Notes:

(1) Data for the <US$ 40, US$ 40—80 and US$ 80— 130 categories are not available for all countries; thus regional and global
aggregates have not been computed for these categories.

(2) Source: Uranium 2003: Resources, Production and Demand, 2004, OECD Nuclear Energy Agency and International
Atomic Energy Agency.
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TABLE 6.2

Uranium: estimated additional resources (EAR-I) and undiscovered resources (EAR-II and SR)
as at 1 January, 2003 (conventional resources recoverable at up to US$ 130/kgU)

Estimated additional resources recoverable Undiscovered resources
at (thousand tonnes of uranium) recoverable at up to
US$ 130/kgU
<US$ US$ <US$ US$ up to (thousand tonnes
40/kgU  40-80/kgU 80/kgU 80-130/kgU US$ 130/kgU of uranium)

Congo (DR) 1.3 1.3

Egypt Arab Rep. 0.1
Gabon 1.0 1.0

Namibia 57.1 16.4 73.6 13.5 87.1

Niger 125.4 125.4 125.4 9.5
Somalia 2.6 2.6

South Africa 493 17.6 66.9 13.4 80.3 12232
Zambia 22.0
Zimbabwe 25.0
Total Africa 267.2 297.6 1279.8
Canada 86.6 18.2 104.7 104.7 850.0
Greenland 12.0 12.0 60.0
Mexico 0.5 0.5 13.0
USA NA NA NA NA NA 2 613.0
Total N. America 104.7 117.2 3 536.0
Argentina 29 2.9 5.7 8.6 1.4
Brazil 57.1 57.1 57.1 620.0
Chile 0.9 4.7
Colombia 228.0
Peru 1.3 1.3 26.3
Venezuela 163.0
Total S. America 61.3 67.9 10434
China 59 8.8 14.7 14.7 7.7
India 18.9 32.5
Indonesia 1.2 1.2 4.1
Kazakhstan 131.2 106.6 237.8 79.4 317.2 810.0
Mongolia 8.3 7.5 15.8 15.8 1 390.0
Thailand N N

Uzbekistan 31.8 31.8 7.1 38.8 231.6
Vietnam 0.8 4.6 5.4 237.9
Total Asia 300.8 412.0 2 713.8
Bulgaria 1.7 4.7 6.3 6.3 18.2
Czech Republic 0.1 0.1 0.1 179.2
France 9.5 9.5
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TABLE 6.2 (Continued)

Estimated additional resources recoverable Undiscovered resources
at (thousand tonnes of uranium) recoverable at up to

USS 130/kgU
<US$ US$ <USS$ US$ up to 5 130/ke

(thousand tonnes
40/kgU  40-80/kgU  80/kgU 80-130/kgU US$ 130/kgU of uranium)

Germany 4.0 4.0 74.0
Greece 6.0 6.0 6.0
Hungary 13.8 13.8

Italy 1.3 1.3 10.0
Portugal 1.5 1.5 6.5
Romania 3.6 3.6 6.0
Russian Fed. 15.9 18.4 34.3 87.0 121.2 649.5
Slovenia 5.0 5.0 5.0 10.0 1.1
Spain 6.4 6.4

Sweden 6.0 6.0

Ukraine 0.9 3.8 4.7 6.7 114 256.6
Total Europe 57.8 201.1 1207.1
Iran (Islamic R.) 0.7 0.7 13.9
Total M. East 0.7 13.9
Australia 276.0 11.0 287.0 36.0 323.0

Total Oceania 287.0 323.0

Total World 1 078.8 14194 9 794.0
Notes:

(1) Data for the <US$ 40, US$ 40—80 and US$ 80— 130 categories are not available for all countries; thus regional and global
aggregates have not been computed for these categories.

(2) ‘Other amounts recoverable at up to US$ 130/kgU’ are reported as in situ resources and include some speculative
resources with their cost range unassigned.

(3) Source: Uranium 2003: Resources, Production and Demand, 2004, OECD Nuclear Energy Agency and International
Atomic Energy Agency.
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TABLE 6.3
Uranium: annual and cumulative production at
end-2002 TABLE 6.3 (Continued)
2002 production  Cumulative 2002 production  Cumulative
(tonnes of production (tonnes of production
uranium) to end-2002 uranium) to end-2002
(tonnes of (tonnes of
uranium) uranium)
Congo (DR) 25 600 Total Asia 5679 212 778
Gabon 26 612
Namibia 2333 76 699 Belgium 686
Niger 3080 87 859 Bulgaria 16 720
South Africa 824 152 543 Czech 465 108 197
Zambia 102 Republic
Estonia 65
Total Africa 6 237 369 415 Finland 30
France 18 73 866
Canada 11 607 364 652 Germany 221 219 090
Mexico 49 Hungary 10 21 050
USA 902 355 713 Poland 660
] Portugal 3721
Total N. America 12 509 720 414 Romania 90 17 904
Argentina 2509 Russiap Fed. 2 850 119 963
Brazil 272 1369  Slovenia 382
Spain 37 5028
Total S. America 272 3878 Sweden 200
Ukraine 800 11 647
Icnl(‘;;a 328 g ggg Total Europe 4 491 599 209
Japan 84 Australia 6 854 105 731
Kazakhstan 2 822 95 078
Mongolia 535 Total Oceania 6 854 105 731
Pakistan 38 921
Uzbekistan 1 859 99 562 Total World 36 042 2 011 425
Notes:

(1) Data for China, India, Pakistan, Romania and Ukraine are estimated.

(2) The cumulative production shown for China covers only the period 1990-2002 inclusive, as data for earlier years are not
available.

(3) The cumulative production shown for Ukraine covers only the period 1992—2002 inclusive, as data for earlier years are
not available.

(4) Source: Uranium 2003: Resources, Production and Demand, 2004, OECD Nuclear Energy Agency and International
Atomic Energy Agency.
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COUNTRY NOTES

The Country Notes on Uranium have been
compiled by the editors, drawing principally
upon the following publication: Uranium 2003:
Resources, Production and Demand (known as
the Red Book); 2004; OECD Nuclear Energy
Agency and International Atomic Energy
Agency.

Information provided by WEC Member
Committees and from other sources has been
incorporated when available.

Algeria

In situ RAR have been assessed at
26 000 tonnes U, of which an estimated 75% is
recoverable at less than US$ 80/kgU, but no
production has ensued.

Argentina

Exploration for uranium started in the early
1950s, since when deposits have been discov-
ered in a number of locations, mostly in the
western part of the country and in the southern
province of Chubut in Patagonia. During the
1990s, a countrywide programme of exploration
directed at the evaluation of areas with uranium
potential was undertaken. Regional assessment
of uranium potential continues, with selected
areas of interest being studied in greater depth.

Uranium has been produced on a small scale
since the mid-1950s, with cumulative production
reaching 2 509 tonnes by the end of 1999. Since
then, output has been in abeyance. The produc-
tion centre at San Rafael in the province of
Mendoza, which processed ore from the Sierra
Pintada deposit, has been placed on a standby
basis. The facility has been under reassessment
by the state agency CNEA, which since 1996
has owned and operated Argentina’s uranium
industry.
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Proved reserves of uranium, recoverable at
less than US$ 80/kgU, were 4 880 tonnes at end-
2002, a slight decrease on the end-2000 estimate,
which is attributable to the devaluation of the
Argentinian currency and a revised assessment
of the Sierra Pintada deposit. Further known
conventional resources consist of 2 200 tonnes
of RAR, recoverable at US$ 80-130/kgU and
8 560 tonnes of EAR-I recoverable at less than
US$ 130/kgU. Undiscovered resources (at the
latter cost level) remain at 1 440 tonnes.

Australia

Exploration activities between 1947 and 1961
led to a number of uranium discoveries, including
the deposits at Mary Kathleen (Queensland),
Rum Jungle (Northern Territory) and Radium
Hill (South Australia). A decrease in uranium
requirements for defence purposes induced a
virtual cessation in exploration between 1961 and
1966. Activity picked up again during the late
1960s, as civilian export demand accelerated, and
numerous major deposits were located.

In 1983 the Government introduced the so-
called ‘three mines’ policy, which permitted
uranium exports only from the Nabarlek, Ranger
and Olympic Dam mines. This restrictive
measure, with its dampening effect on uranium
exploration, lasted until 1996. Exploration
expenditure and drilling activity rose in the
latter half of the 1990s, but declined to historic
lows in 2001 and 2002. Exploration in recent
years has been concentrated in parts of the
Northern Territory and South Australia.

Australia produced nearly 6 900 tonnes of
uranium in 2002, bringing cumulative output to
more than 105 000 tonnes since 1954. Three
uranium production centres were in operation in
2002: Ranger (capacity 4 660 tU/yr), Olympic
Dam (capacity 3 930 tU/yr) and Beverley
(848 tU/yr). A new centre has been constructed
at Jabiluka, but the site was placed on a standby
and environmental maintenance basis in 2000.
An ISL production centre is planned for the
Honeymoon deposit.
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Proved reserves of uranium (RAR) are
reported in the Red Book as 702 000 tonnes
at less than US$ 80/kgU and 33 000 tonnes at
US$ 80-130/kgU. Estimated additional amounts
recoverable at these cost levels are 287 000 and
36 000 tonnes, respectively.

Brazil

Exploration activity over a period of some
40 years, ending in 1991, resulted in the discov-
ery of occurrences and deposits of uranium in
eight different states of Brazil. Known conven-
tional resources are substantial, consisting of
proved reserves (= RAR) of 162 000 tonnes
(recoverable at less than US$ 80/kgU) plus
EAR-I of about 100 000 tonnes. Undiscovered
conventional resources (EAR-II and SR) are put
at 120 000 tonnes U, recoverable at under US$
80/kgU and 500 000 tonnes of SR with no cost
range assigned. All these tonnages are quoted on
an in situ basis and are unchanged since the 2001
Survey.

Although Brazil’s RAR are very substantial,
and backed up by massive additional resources,
its uranium output has never been on a commen-
surately large scale: cumulative production at
end-2002 was less than 1 400 tonnes.

After 2 years on standby, the 360 tU/yr Pocos
de Caldas production centre in Minas Gerais
state was definitively shut down in 1997 and is
now being decommissioned. It has been replaced
by a new plant (now called Caetité) at Lagoa
Real in the eastern state of Bahia. The Caetité
plant has a current nominal production capacity
of 340 tU/yr.

Another production centre, planned for con-
struction at Itataia in north-eastern Brazil, is at
the feasibility stage: its annual uranium pro-
duction capacity, as a by-product of phosphate
output, would be 325 tonnes. Implementation of
this project will depend on the way the markets
for both products are seen as developing.

Brazil’s conventional resources are supple-
mented by unconventional resources, for which
there are at present no plans for recovery:
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e carbonatite (containing 13 000 tonnes U);
e marine phosphates (28 000 tonnes U);
e quartz-pebble conglomerates (2 000 tonnes U).

Canada

From 1942, uranium was obtained from the
Port Radium deposit of pitchblende in the
Northwest Territories, which had previously
been mined for radium. Exploration directed
specifically towards finding uranium led to the
discovery of many deposits, the most important
being in the Blind River/Elliot Lake area of
southern Ontario and the Athabasca Basin in
northern Saskatchewan.

Uranium production peaked at 12 200 tonnes
in 1959, when the last defence contracts were
signed, and output fell rapidly to less than
3 000 tonnes in 1966. Increases in uranium
demand and rising prices led to renewed growth
from the mid-1970s, with the focus of production
moving westwards. Three out of four production
centres in Ontario were phased out in the early
1990s, and the last closed in mid-1996, leaving
Saskatchewan the sole producing province.

Canadian primary uranium output totalled
11 607 tonnes in 2002, by far the largest in the
world and equivalent to 32% of global production.
Its RAR (at up to US$ 80/kgU) amount to some
334 000 tonnes, or 13.6% of the world total. EAR-
I in the same cost-band are some 105 000 tU,
while undiscovered resources consist of EAR-II at
150 000 tU and 700 000 tonnes of SR.

All Canadian uranium mining takes place in
northern Saskatchewan. The Cluff Lake uranium
production centre was closed down in 2002, after
producing some 24 000 tonnes of uranium in
its 22 years of operation. Three centres are
currently in production: McArthur River/Key
Lake (owned by Cameco and CRI), McClean
Lake (CRI and others) and Rabbit Lake
(Cameco).

New production centres are being developed
in Saskatchewan: Cigar Lake (start-up possibly in
2006) and Midwest (estimated start-up in 2010).



Both have cleared the environmental review
process.

China

Nearly 50 years of exploration for uranium
has resulted in the discovery of deposits in
various parts of the country. The major resources
are in Jiangxi and Guangdong provinces in the
south-east, in Liaoning province to the north-
east of Beijing and in the Xinjiang Autonomous
Region of north-western China.

Total known resources in nine locations are
stated to be 77 000 tonnes (in situ), and are now
reported with a classification by production cost.
RAR are given as 49 200 tonnes, of which some
35 000 tU would be recoverable at up to US$
80/kgU, with EAR-I as 20 100 tonnes (14 700
recoverable) in the same cost bracket. Undiscov-
ered resources are reported as 3 600 tonnes of
EAR-II plus 4 100 tonnes of speculative, a long
way from the estimate of 1.77 million tonnes for
SR quoted in previous editions of the Red Book.

There are five operational production centres,
with an aggregate capacity of 840 tU/yr. Con-
struction of a new production centre at Fuzhou is
under way. Output in 2002 was 730 tonnes.

Colombia

Although no resource data were reported to
the TAEA for their 2003 Red Book, Colombia is
still quoted as possessing 11 000 tonnes of
uranium in category EAR-II and 217 000 tU of
SR, both amounts on an in situ basis, at less than
US$ 130/kgU. No production of uranium has so
far been recorded.

Czech Republic

After an early start in 1946, uranium
exploration in the republic was systematic and
intensive during a period of more than 40 years.
From 1990, however, expenditure decreased
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sharply, with field exploration coming to an
end early in 1994,

There are 23 uranium deposits, of which 20
have been mined-out or closed. The Rozna
deposit is being mined and two others may be
exploited in the future. The Straz production
centre has been closed but some ISL extraction
is continuing under a remediation regime.
Output from Czechoslovakian mines began in
1946 and until 1990 was all exported to the
Soviet Union. Production in 2002 amounted to
465 tonnes, giving a cumulative output of about
108 000 tonnes.

As a result of the Straz deposit being
deemed uneconomic, and of the depletion of
resources at the Rozna production centre, RAR
declined to 830 tU at the end of 2002 and EAR-
I to only 90 tU, both recoverable at up to US$
80/kgU.

Undiscovered resources (on an in situ basis)
comprise 180 tonnes of EAR-II recoverable at
up to US$ 80/kgU and 179 000 tonnes of SR,
unassigned to a cost category.

Finland

Exploration for uranium took place during
the period 1955-1989, resulting in the identifi-
cation of four uranium provinces. Proved
reserves (RAR at US$ 80-130/kgU) amount to
1 500 tonnes, of which 75% is regarded as
recoverable. Unconventional resources are rep-
resented by possible by-product production of
3 000-9 000 tU from Talvivaara black schists
and 2 500 tU from Sokli carbonatite.

Finland’s past production of uranium has
been limited to the minor quantity (c. 30 tU)
produced by a pilot plant at the Paukkajanvaara
mine in eastern Finland, which was operated
from 1958 to 1961.

France

Exploration for uranium commenced in
1946 and during the next 40 years a number
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of deposits were located. Since 1987, explora-
tion activities have been on the decline, as has
the level of production. Total output in 2002
was only 18 tonnes, bringing the cumulative
tonnage to 73 866 tonnes. Since the closure of
France’s last uranium mine (Jouac) in 2001,
RAR have been put at zero; estimated
additional resources are 11 740 tonnes, of
which 9 510 tU would be recoverable at US$
80-130/kg.

The last French ore-processing plant, at Le
Bernardan in the north-western part of the
Massif Central, ceased operations in 2001.

Gabon

Exploration by the French Commissariat a
I’Energie Atomique (CEA) led to the discovery
in 1956 of a substantial deposit of uranium ore
near Mounana in south-eastern Gabon. Further
deposits in the Franceville Basin were located
during 1965-1982. Exploratory activity contin-
ued until the late 1990s.

Uranium production from the Mounana
production centre began in 1961 and built up
to a peak of around 1 250 tpa by the end of the
1970s. Subsequently output followed a declining
trend, ceasing altogether in early 1999. The last
underground mine, exploiting the Okelobondo
deposit (discovered in 1974), closed down in
November 1997. An open-pit operation at the
Mikouloungou deposit (discovered in 1965) was
in production from June 1997 to March 1999,
since when Gabon has ceased to be a uranium
producer.

Gabon’s cumulative production of nearly
27 000 tonnes of uranium indicates its historic
significance as one of the leading minor
producers.

Known conventional resources of uranium in
Gabon amount to just under 6 000 tonnes,
comprising 4 830 tonnes of RAR recoverable
at less than US$ 130/kgU, and 1 000 tonnes of
EAR-I in the same price category.
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Germany

Prior to Germany’s reunification in 1990,
the GDR had been a major producer of
uranium, with a cumulative output of some
213 000 tonnes. All uranium mines have now
been closed and the only production relates to
uranium recovered in clean-up operations in the
former mining/milling areas: 2002 output from
this source was 221 tonnes, obtained during the
decommissioning of the Konigstein mine in
Saxony.

Greenland

Exploration for uranium was carried out for
more than 30 years (1955-1986), with moderate
success. Fairly sizeable quantities of in situ
uranium resources have been reported for Green-
land in the 2003 Red Book: 27 000 tU of RAR
and 16 000 tU of EAR-I, 75% of both being
recoverable at US$ 80—130/kgU, together with
an in situ 60 000 tU in the speculative category,
most of which is deemed to be recoverable at
less than US$ 130/kgU. No production of
uranium has yet taken place.

Hungary

Uranium exploration commenced in the early
1950s, with the Mecsek deposit in southern
Hungary being discovered in 1954. An under-
ground mine came into production at Mecsek in
1956. Initially the raw ore produced was shipped
to the USSR, but from 1963 onwards it passed
through a processing plant at Mecsek before
being shipped as uranium concentrates.

Mining and milling operations at the Mecsek
site were shut down at the end of 1997.
Cumulative production of uranium, including
a relatively small amount derived from heap
leaching, was about 21 000 tonnes.

Hungary’s remaining known conventional
resources of uranium, as reported to the
IAEA/NEA, are 18 399 tonnes of EAR-II, 75%



of which would be recoverable at less than US$
130/kgU.

India

Exploration for uranium began in 1949, since
when deposits have been located in many parts
of the country. Exploratory activity is continu-
ing, with expenditure of around US$ 13 million
per annum. Uranium has been produced at the
Jaduguda mine in the eastern state of Bihar since
1967. In 2002, output from this and two other
mines in the same area was some 230 tonnes.
The recovery of uranium as a by-product of
copper refining has been temporarily suspended.

RAR (with their cost range unassigned) are
approximately 54 600 tonnes. Other known
conventional resources consist of just over
25 200 tonnes classified as EAR-I, also without
an assigned cost range. Both these amounts are
expressed on an in situ basis, thus recoverable
tonnages would be substantially lower. Undis-
covered conventional resources (in situ)
consist of about 15 500 tonnes of EAR-II and
17 000 tonnes of SR. Unconventional resources
have been estimated to amount to about
6 600 tonnes, recoverable from copper mine
tailings in the Singhbhum district of the state
of Jharkhand.

At the beginning of 2003 there were three
production centres in operation, fed by under-
ground mines in the Jaduguda area. A new
uranium production centre was under construc-
tion at Turamdih in the Singhbhum (East)
district of Jharkhand, based on underground
mining, and two others—Banduhurang, Jhark-
hand (based on open-pit mining), and Lamba-
pur-Peddagattu, Andhra Pradesh (to use both
open-pit and underground mining)—were at the
planning stage.

Indonesia

The Nuclear Minerals Development Centre
of the Indonesian National Atomic Energy
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Agency (BATAN) began exploring for uranium
in the 1960s. Since 1988, exploratory work has
been concentrated in the vicinity of Kalan in
West Kalimantan, with a significant drilling
programme being completed in 1992. Explora-
tion work has continued, but since 1997 budget-
ary constraints have severely limited operations.
At the beginning of 2003, RAR, on an in situ
basis and recoverable at less than US$ 130/kgU,
amounted to 6 797 tonnes, of which about 7%
fell within the less than US$ 80 bracket;
estimated additional resources (at up to US$
130) were 1 699 tonnes. Over and above these
amounts, SR were put at 4 090 tonnes.

Iran (Islamic Republic)

Exploratory work has been undertaken for
more than 20 years and a number of prospects
have been defined, mostly in the central
province.

RAR (in situ) amount to 491 tonnes, with
EAR-I assessed as 936 tonnes, with an estimated
75% of both being recoverable at US$ 80—130/
kgU. Undiscovered conventional resources
(in situ) consist of 3 350 tonnes in category
EAR-II, plus 4 500 tonnes of SR, both recover-
able at less than US$ 130/kgU. An additional
6 000 tonnes of SR, with cost range unassigned,
is also reported.

Japan

Between 1956 and 1988, the Power Reactor
and Nuclear Fuel Development Corporation
(PNC) and its predecessor undertook domestic
exploration for uranium, resulting in the dis-
covery of deposits at two locations on the island
of Honshu. Total discovered reserves, reported
as RAR recoverable at up to US$ 130/kgU, are
some 6 600 tonnes.

Cumulative production of uranium in Japan
amounts to only 84 tonnes, produced by a test
pilot plant operated by PNC at the Ningyo-toge
mine between 1969 and 1982.
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Kazakhstan

Uranium exploration commenced in 1948
and since then a large number of ore deposits
have been located, initially in the districts of
Pribalkhash (in south-eastern Kazakhstan), Kok-
chetau in the north of the republic, and
Pricaspian near the Caspian Sea. Since 1970
extensive low-cost resources have been discov-
ered in the Chu-Sarysu and Syr-Darya basins in
south-central Kazakhstan.

Production started in 1953, initial output
being processed in Kyrgyzstan. Production
centres in Kazakhstan were started up by the
Tselinny Mining and Processing Company
in 1958 (based on underground-mined ore)
and by the Kaskor Company in 1959 (based on
open-pit mining). Economic pressures forced
the closure of the Kaskor plant in 1993
and of the Tselinny plant in 1995. All subse-
quent uranium production has utilised ISL
methods.

At the beginning of 2003 there were six ISL
production centres in operation in Kazakhstan,
with an aggregate production capacity of
4 700 tU/yr, together with one linked with an
underground mine and operated by KazSubton
(the foreign-owned successor to the Tselinny
company), with a capacity of 1 250 tU/yr. Total
output of uranium in 2002 was 2 822 tonnes, and
cumulative national production now exceeds
95 000 tonnes.

Kazakhstan was the fifth largest producer in
2002, but its RAR (427 360 tonnes (in situ), of
which about 90% would be recoverable at up to
US$ 80/kg) put it in a much higher ranking—
second only to Australia—and give it a 16%
share in global resources at that cost level. In
addition, there are well over 500 000 tonnes of
other known resources: 162 000 tonnes of RAR
and 352 000 tonnes of EAR-I, 90% of which is
deemed to be recoverable at costs of less than
US$ 130/kgU.

Undiscovered resources (in situ) recoverable
at the same cost level are also massive:
310 000 tonnes of EAR-II and 500 000 tonnes
of SR.
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Malawi

Exploration during the 1980s led to the
discovery of a uranium deposit at Kayelekera
in northern Malawi. No exploratory activity has
been reported in recent years.

The uranium resources (in situ) in the
Kayelekera deposit amount to 11 700 tonnes,
classified as RAR, 75% of which the TAEA
estimates to be recoverable at less than US$
80/kgU. No other uranium resources, either
known or undiscovered, have been reported.

Mexico

Exploration for uranium came to an end in
1983: at that point, known in situ resources
totalled 2 400 tonnes recoverable at US$ 80—
130/kgU, comprising 1 700 tonnes of RAR and
700 tonnes of EAR-I: the TAEA estimates that
75% of these tonnages would be recoverable.
Additional undiscovered resources (in situ)
amounted to 13 000 tonnes, the bulk of which
(10 000 tonnes) were speculative.

Unconventional resources contained in
marine phosphates in Baja California amount
to about 150 000 tU, as assessed in the early
1980s.

For a short period (1969-1971), molyb-
denum and by-product uranium were recovered
from a variety of ores at a plant in Aldama,
Chihuahua state. Uranium output totalled
49 tonnes: there are presently no plans for
resuming production.

Mongolia

In situ resources have been assessed as
61 600 tonnes of RAR and 21 000 tonnes of
EAR-1, all at up to US$ 80/kgU, plus 1.39
million tonnes of SR at less than US$ 130/kgU.
In assessing recoverable resources, the IAEA
applies a recovery factor of 75% to Mongolia’s
in situ RAR and EAR-I tonnages. Despite the
extent of the established resources, recorded



cumulative production of uranium amounts to
only 535 tonnes.

Namibia

Although uranium mineralisation had been
detected in the Rossing Mountains in the
Namib Desert in 1928, extensive exploration
for uranium did not get under way until the late
1960s. The major discovery was the Rossing
deposit, located to the north-east of Walvis
Bay; other discoveries were made in the same
area of west-central Namibia, notably the
Trekkopje and Langer Heinrich deposits, but
Rossing is the only one that has so far
been developed. The Langer Heinrich deposit
was acquired by an Australian company in
August 2002.

A large open-pit mine operated by Rossing
Uranium Ltd (56.3% owned by Rio Tinto
Zinc, 3.5% by the Namibian Government and
40.2% by other interests) has been in production
since 1976; output in 2002 was 2 333 tonnes,
with cumulative production amounting to
76 699 tonnes. The 2002 output level rep-
resented 60.7% of the 3 845 tU/yr design
capacity of Rossing’s processing plant.

In December 2003 Rossing reported that its
plan was to mine out the present pit (expected by
end-2007), after which operations would cease.
The company announced that an earlier closure
could occur if the mine’s financial situation did
not improve by mid-2004. Comprehensive
studies for a Phase 2 extension of the open pit
have been completed although this too would be
subject to an improvement in economic
circumstances.

Namibia is currently the sixth largest
uranium producer in the world. Its reasonably
assured reserves of 139 297 tonnes (at up to
USS$ 80/kgU) are equivalent to nearly 6% of the
global total. RAR recoverable at US$ 80—
130/kgU are over 31 000 tonnes; estimated
additional resources are also substantial,
exceeding 107 000 tonnes (in situ), of which
about 87 000 tU would be recoverable at up to
US$ 130/kgU.
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Niger

Exploration for uranium began in 1956,
resulting in the discovery of a number of deposits
in the Air region of north-central Niger. There are
currently two uranium production centres, one
near Arlit processing ore from the Ariege,
Arlette, Tamou and Taza deposits and operated
by Société des Mines de I’ Air (Somair), and the
other at Akouta processing ore from the Akouta
and Akola deposits and operated by Compagnie
Miniere d’Akouta (Cominak). Niger’s partici-
pation in the producing companies is 36.6% in
Somair, and 31% in Cominak.

Somair has been producing uranium from
open-pit operations since 1970, while Cominak
has carried out underground mining since
1978. In 2002, Somair produced 1 074 tonnes,
recording a cumulative output of around
39 000 tonnes; Cominak’s output was 2 006
tonnes in 2002, with a cumulative total of more
than 48 000 tonnes. The two companies have
current production capabilities of 1 500 and
2 300 tU/yr, respectively. Niger is the world’s
third largest producer of uranium, accounting
for about 9% of global output.

The 2003 Red Book quotes radically revised
tonnages for Niger’s uranium resources, com-
pared with the previous edition. RAR recover-
able at up to US$ 80/kgU now stand at
102 227 tU, compared with an in situ figure
of 29 603 tU in the 2001 book, whilst EAR-I,
in the same cost bracket, now show as
125 377 tU recoverable as against 25 529 in
situ. EAR-II, also in the same cost bracket,
are now put at less than 10 000 tU compared
with over 16 000 tU, whilst SR are no longer
quoted.

Pakistan

Extensive exploration for uranium has
been carried out. Recent discoveries reported
in the 1999 Red Book related to the Kamlial
Formation in the Salt Range and the Maraghzar
area in the Swat district, but no uranium resources
have been reported to the IAEA. A number
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of previously discovered deposits have been
mined out. Cumulative output of uranium, all
recovered using ISL technology, now exceeds
900 tonnes.

Peru

During the course of exploration carried out
up to 1992, the Peruvian Nuclear Energy
Institute (IPEN) discovered over 40 occurrences
of uranium in the Department of Puno, in the
south-east of the republic.

Known conventional resources (in situ) in the
Macusani area in northern Puno are estimated to
amount to 3 650 tonnes, of which 1 790 are
classified as RAR and 1 860 as EAR-I: approxi-
mately two-thirds of each category is reckoned
to be recoverable. Undiscovered resources (in
situ) consist of 6 610 tonnes in the EAR-II
category (recoverable at less than US$
80/kgU), plus 19 740 tonnes of SR (recoverable
at less than US$ 130/kgU).

Portugal

Uranium had been mined since 1951 from a
large number of small deposits in two areas of
central Portugal. Uranium production came to an
end in 2001, after cumulative production of
about 3 700 tonnes. RAR (at up to US$ 80/kgU)
are put at almost 7 500 tonnes. Other known
conventional resources consist of EAR-I of
1 450 tonnes, recoverable at less than US$
80/kgU; undiscovered conventional resources
recoverable at below US$ 130/kgU comprise
1 500 tonnes of EAR-II and 5 000 tonnes of SR.

Romania

Since 1952, when Romania started to pro-
duce uranium, cumulative output has reached
nearly 18 000 tonnes. There are deposits in three
principal areas: the Apuseni Mountains in the
west, the Banat Mountains in the south-west and
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the Eastern Carpathians. Since 1978, all of
Romania’s production of uranium ore has been
processed at the Feldioara mill in the centre of
the country.

Uranium output in 2002 was 90 tonnes, with
remaining RAR (at up to US$ 130/kgU)
estimated as 3 325 tonnes (recoverable). Further
known conventional resources recoverable at
the same cost level are 3 608 tonnes of EAR-I;
in situ undiscovered resources comprise
3 000 tonnes of EAR-II plus an equal tonnage
of SR.

Russian Federation

Uranium exploration has been undertaken
since 1944; 11 ore-bearing districts have been
identified east of the Urals and four in the
European part of Russia. Exploration and
development activity in recent years has been
largely concentrated on three east-of-Urals
uranium districts (Transural, West Siberia and
Vitim) in which there are deposits suitable for
the application of ISL.

Mining and processing of uranium ore started
in 1951 in the Stavropolsky region of European
Russia, a source which had been exhausted by
the late 1980s, after producing 5 685 tonnes.
Between 1968 and 1980, the Sanarskoye deposit
in the Transural district produced 440 tonnes of
uranium, using ISL technology.

For more than a decade, the most important
uranium producing area has been the Strelt-
sovsky region near Krasnokamensk in the
Chitinskaya Oblast of eastern Siberia. The state
concern responsible for production in the
Krasnokamensk area is the Priargunsky
Mining-Chemical Production Association; its
production centre has a nominal production
capacity of 3 500 tU per annum. In 2002, the
Dalur production centre in the Kurgan
region started commercial ISL extraction from
the Dalmatovskoe deposit. By 2010, it is
planned that additional ISL sites at this deposit
and at Khokhlovskoe will increase Dalur’s
annual production capacity to 700 tU. Another



production centre is planned for the Khiagda
deposit in the Vitim district.

Total national output in 2002 was 2 850 tU,
nearly all of which was derived from ore
obtained by underground mining, the balance
being obtained from low-grade ore by heap- or
in-place leaching. The Russian Federation was
the world’s fourth largest producer of uranium in
2002, accounting for 7.9% of global output. Its
RAR (estimated to be recoverable at up to US$
80/kgU) of 124 000 tonnes represented 5.0% of
the global total at end 2002.

The balance of known conventional resources
recoverable at less than US$ 80/kgU consisted
of 34 260 tonnes of EAR-I. Undiscovered
resources (in situ) are estimated to be exceed-
ingly large: nearly 105 000 tonnes of EAR-II
at up to US$ 130/kgU plus 545 000 tonnes of SR
in the same price bracket.

Slovenia

Exploration of the Zirovski Vrh area began in
1961, followed some 20 years later by the
commencement of mining and eventually by the
production of yellow cake in 1985. Exploration
expenditure ceased in 1990 and uranium pro-
duction came to an end 2 years later, with
cumulative output of 382 tU.

The reported uranium resources are fairly
modest: RAR of 2 200tU and EAR-I of
5 000 tU, both recoverable at under US$
80/kgU, plus 5000tU of EAR-I and about
1 000 tU of EAR-II, both of which are deemed
recoverable at US$ 80— 130/kgU.

South Africa

Between the late 1940s and the early 1970s
uranium exploration was pursued as an adjunct
to exploration for gold, centred on the quartz-
pebble conglomerates in the Witwatersrand
Basin in the Transvaal. The 1973-1974 oil
crisis triggered intensified exploration for
uranium, leading to the country’s first primary
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uranium mine (Beisa) being commissioned in
1981. Output as a by-product of gold mining had
begun 30 years previously, and by 1959 26
mines in the Witwatersrand Basin were supply-
ing 17 processing plants, resulting in an annual
output of nearly 5 000 tonnes.

Between the late 1980s and the early 1990s, a
substantial reduction in production capacity took
place; subsequent closures brought the total of
operational production centres at the beginning
of 2002 down to two, each served by a single
mine. The companies in production were Vaal
River Operations at Klerksdorp, and Palabora
Mining Company in the Northern Province;
uranium production by the latter company, as a
by-product of copper mining, ceased during the
year. Total uranium output in 2002 was
824 tonnes, the ninth largest national level in
the world. The cumulative output of uranium in
South Africa up to the end of 2002 exceeded
152 000 tonnes.

The country’s RAR (at up to US$ 80/kgU),
consisting to a considerable extent of quartz-
pebble conglomerates, came to nearly
232 000 tonnes by the end of 2002, equivalent
to 9.4% of the world total. Further resources
are on a commensurately large scale: almost
84 000 tU of RAR recoverable at US$ 80—130/
kgU, over 80 000tU of recoverable EAR-I,
110 000 tU of EAR-II and more than 1.1 million
tU in the speculative category.

Spain

The first uranium discoveries were made in
the western province of Salamanca in 1957-
1958. Subsequently other finds were made
further to the south and, in one instance, in
central Spain. Production began in 1959 and by
the end of 2002, a cumulative total of over
5 000 tonnes had been produced. Ore mining
ceased in December 2000 and the production of
uranium concentrates was terminated 2 years
later.

At end-2002, remaining RAR (at less than
US$ 80/kgU) were put at 2 460 tonnes. Further
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known conventional resources recoverable at
US$ 80-130/kgU comprised 2 465 tonnes of
RAR and 6 380 tonnes of EAR-I.

Sweden

Exploration for uranium was carried out from
1950 until 1985, when low world prices for the
metal brought domestic prospecting to a halt.
Four principal uranium provinces were ident-
ified, two in south/central Sweden and two in the
north.

Proved reserves are reported as 4 000 tonnes
recoverable at less than US$ 130/kgU, with
additional amounts recoverable comprising
6 000 tonnes in the same cost bracket.

There are substantial unconventional
resources of uranium in alum shale, but the
deposits are very low grade and recovery costs
would exceed US$ 130/kgU. During the 1960s, a
total of 200 tonnes of uranium was recovered
from alum shale deposits at Ranstad, in the
Billingen district of Vistergotland, southern
Sweden. This mining complex has now been
rehabilitated, the open pit being transformed into
a lake and the tailings area treated to prevent the
formation of acid.

Ukraine

Since the start of exploration for commercial
resources of uranium in 1944, a total of 21
deposits have been discovered, mostly located in
south-central Ukraine, between the rivers Bug
and Dnepr. The most important ore bodies are
Vatutinskoye, Severinskoye and Michurinskoye,
all in central Ukraine. Uranium has been
produced since 1947, initially by the Prednie-
provskiy Chemical Plant and since 1959 also by
the Zheltiye Vody production centre. The first
plant ceased producing uranium in 1990; the
2002 output of the other facility was 800 tonnes,
80% of its nominal production capacity. All
currently processed ore comes from under-
ground operations at the Ingul’skii mine on the
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Michurinskoye deposit and from the Vatutinskii
mine on the Vatutinskoye deposit.

In 2002 Ukraine was the 10th largest
producer of uranium, accounting for just over
2% of the world total. Its uranium resources have
been re-assessed for the 2003 edition of the
Red Book, particularly in respect of EAR-IL
RAR (at up to US$ 80/kgU) are now put at
45 150 tonnes in situ, of which 34 630 is
deemed to be recoverable. Further known
conventional resources are represented by
39 000 tonnes of in situ RAR (30 030 recover-
able) at US$ 80-130/kgU and a much reduced
14 850 tonnes of in situ EAR-I (11 410 recover-
able) at up to US$ 130/kgU.

Undiscovered resources (in situ) comprise
1 600 tonnes of EAR-II recoverable at up to
US$ 130/kgU plus 255 000 tonnes of SR (with
cost range unassigned).

United States of America

Between 1947 and 1970 the US Atomic
Energy Commission (AEC) promoted the devel-
opment of a private-sector uranium exploration
and production industry; in late 1957 the AEC
concluded its own exploration and development
activities. Private-sector efforts accelerated in
the 1970s in a context of rising prices and
anticipated growth in the demand for the metal
to fuel civilian power plants.

This exploration activity revealed the exist-
ence of extensive ore deposits in the western half
of the United States, particularly in the states of
Wyoming, Nebraska, Utah, Colorado, Arizona
and New Mexico and in the Texas Gulf Coastal
Plain. Numerous production centres were
erected over the years, but many have now
been closed down and either dismantled or put
on standby.

Current production is mainly reliant on ISL;
some uranium is obtained by other methods,
such as mine water treatment and environmental
restoration. At the beginning of 2003, two ISL
plants (with an aggregate capacity of 1 150 tU/
yr) were operational; four ISL plants were



undergoing restoration and four conventional
mills were on standby. US uranium output in
2002 amounted to an estimated 902 tonnes, the
eighth highest in the world.

RAR (at up to US$ 80/kgU) were estimated
to be 102 000 tonnes at end-2002, equivalent to
4.1% of the global total; RAR recoverable at
US$ 80-130/kgU were 243 000 tonnes.

Estimated additional resources (not speci-
fied separately for EAR-I and EAR-II) were
839 000 tonnes at up to US$ 80/kgU and
434 000 at US$ 80—130/kgU. SR at up to US$
130/kgU were 858 000 tonnes, with additional
SR (with a cost range of US $130-260/kgU)
amounting to 482 000 tonnes.

Uzbekistan

Deposits of uranium ores have been found in
at least 25 locations since the early 1950s,
mostly lying in the central Kyzylkum area
running from Uchkuduk in the north-west to
Nurabad in the south-east. Although there was
some production in the Fergana valley area,
starting in 1946, commercial mining began in
1958 at Uchkuduk from open-pit and under-
ground operations. ISL recovery methods were
brought into use from 1965 and gradually came
to dominate the production scene. The last of the
open-pit and underground mines were closed in
1994, after conventional mining had produced a
cumulative total of nearly 56 000 tonnes, 65% of
which had come from open-pit operations.

Uranium output in 2002 by the state-owned
Navoi Mining and Metallurgical Complex
(NMMC), the sole producer, totalled 1 859
tonnes—equivalent to just over 5% of global
output. In operation during 2002 were three ISL
production centres, which sent their output by
rail to the NMMC processing plant at Navoi
(nominal production capacity 3 000 tU/yr).
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The republic’s RAR (at up to US$ 80/kgU)
amounted to just under 84 000 tonnes at the end
of 2002, of which about 73% is considered to be
recoverable. The balance of known conventional
resources consists of some 25 000 tonnes of in
situ RAR (of which about 18 000 is considered
recoverable at US$ 80-130/kgU) and over
55 000 tonnes of in situ EAR-I (with nearly
39 000 tU recoverable at up to US$ 130/kgU).
Undiscovered conventional resources (on an in
situ basis) total about 230 000 tonnes, of which
EAR-II recoverable at up to US$ 130/kgU
account for 85 000 tonnes, the balance being
SR without a cost range assigned.

Vietham

Exploration for uranium in selected parts of
the republic began in 1955, and since 1978 a
systematic regional programme has been under-
taken. Virtually the entire country has now been
explored, with a number of occurrences and
anomalies subjected to more intensive investi-
gation. Since 1997, exploration activity has been
concentrated on the Nong Son basin in the
Quang Nam province of central Vietnam.

RAR recoverable at up to US$ 130/kgU
(on an in situ basis) are 1 337 tonnes; EAR-I
(on the same basis) are 7 244 tonnes: in both
categories, approximately 75% is estimated to be
recoverable. Undiscovered in situ conventional
resources in the same cost bracket consist
of 7 860 tonnes in the EAR-II category, plus
100 000 tonnes of SR. Further SR (without a
cost range assigned) amount to 130 000 tonnes.

Unquantified amounts of unconventional
resources have been reported to be present in
deposits of coal, rare earths, phosphates and
graphite.

No production of uranium has so far been
achieved.
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COMMENTARY

Nuclear Power Today

2004 marks the 50th anniversary of the first
delivery of nuclear-generated electricity to an
electrical grid, at Obninsk in the USSR in June
1954. Commercial nuclear power capacity grew
rapidly in industrialised countries in the next
few decades, but after 1986, the year of the
Chernobyl accident, expansion slowed to essen-
tially the rate of global electricity growth, and
nuclear power’s share of worldwide electricity
supplies has since held steady at 16—17%. The
blue bars in Fig. 6.5 show annual capacity
additions since 1966. The red line shows total
annual nuclear electricity generation. The stee-
pest increase in actual generation coincides with
the mid-1980s peak in capacity additions, but
particularly in the 1990s generation rose faster
than capacity additions owing to increases in
availability. The average energy availability
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factor for the global nuclear fleet has increased
from 74.2% in 1991 to 83.7% in 2002.

As of 31 December, 2003 there were 440
nuclear power plants (NPPs) operating in 31
countries. With now over 11 000 reactor years
of commercial experience (see Fig. 6.6), the
nuclear industry has shown that well designed,
constructed and operated NPPs are reliable, safe,
economical and environmentally benign.

Current expansion and growth prospects are
centred in Asia. Nineteen of the 32 reactors
under construction are located in China; Taiwan,
China; India; Japan; the Republic of Korea;
and the Democratic People’s Republic of Korea
(DPRK). Nineteen of the last 28 reactors to be
connected to the grid are in the Far East and
South Asia. The one connection of a new NPP to
the grid in 2003 was in China, and the one new
construction start was in Japan.

In Western Europe, capacity is likely to
remain relatively constant despite nuclear
phase-outs in Belgium, Germany and Sweden.
The most advanced planning for new nuclear
capacity is in Finland. The utility Teollisuuden
Voima Oy signed a contract in 2003 with Areva
and Siemens for a 1 600 MW, European pres-
surised water reactor and formally applied for a
construction licence in January 2004.

The emphasis in the USA is on licence
extensions and upratings. By the end of 2003, the
US Nuclear Regulatory Commission (NRC) had
approved 19 licence extensions of 20 years each
(for a total licensed life of 60 years for each
NPP). It has also streamlined procedures to
encourage new construction, and three compa-
nies have now applied for the NRC’s new early
site permits, which can be reserved for future
use. In Canada, near-term expansion is taking
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FIGURE 6.5 Annual changes in global nuclear capacity (bars, left axis) and annual nuclear electricity generation

(line, right axis), 1966—2002.

the form of restarting some or all of the eight
nuclear units (out of a Canadian total of 22) that
have been shut in recent years. The first two such
restarts took place in 2003.

In the Russian Federation, which has 30
NPPs in operation and three under construction,
Rosenergoatom has begun a programme to

extend licences at 11 NPPs. Extensions for
Novovoronezh-3 and Kola-1 had been approved
by the end of 2003.

Nuclear expansion, like the expansion of
electricity generation in general, is motivated
by growth in electricity demand. All indepen-
dent analyses and forecasts of global energy

Country Years Months Country Years Months
Argentina 50 7 Mexico 23 11
Armenia 36 3 Netherlands 59 0
Belgium 191 7 Pakistan 35 10
Brazil 25 3 Romania 7 6
Bulgaria 129 2 Russian Federation 761 4
Canada 486 11 Slovakia 103 0
China 39 1 Slovenia 22 3
Czech Republic 74 10 South Africa 38 3
Finland 99 4 Spain 219 2
France 1346 2 Sweden 311 1
Germany 648 1 Switzerland 143 10
Hungary 74 2 Taiwan, China 134 1
India 223 5 Ukraine 279 10
Japan 1124 4 United Kingdom 1329 8
Korea (Republic) 220 7 United States of America_ 2 871 8
Lithuania 36 6 Total 11 146 8

FIGURE 6.6 Nuclear power reactors total operating experience to 31 December, 2003.
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needs project large increases in the century
ahead. The principal drivers are global
population growth and economic development
in today’s developing countries. Electricity
demand will grow even faster because in all
sectors users prefer its cleanliness at the point
of end-use, its convenience and its flexibility.
But the rate of growth, and the options for
meeting that growth, differ from country to
country. For nuclear power, therefore, the
motivation for expansion tends to be strongest
in countries projecting rapid increases in
electricity demand (e.g. China and India) or
having few indigenous alternatives (e.g. Japan
and the Republic of Korea), and weakest in
countries experiencing slower growth and more
able to afford alternatives (as in North America
and the European Union). Such variations
across countries are reflected in national
differences in the public acceptance of nuclear
power and in differences in national economic
assessments of generation alternatives. They
show up in all four of the key issues affecting
near-term nuclear expansion: economics, safety,
waste and proliferation resistance.

Economics: the front-loaded cost structure of
NPPs means that existing amortised well-run
plants can be quite profitable while new NPPs
are often more expensive than alternatives. The
economic attractiveness of today’s well-run
amortised plants is driven partly by the increas-
ing energy availability factors cited at the
beginning of this commentary, and it is reflected
in the increasing emphasis, noted above, on
licence extensions, particularly in the USA. But
economic attractiveness differs for different
countries (as noted above), investors and
markets. New NPPs are most attractive where
energy demand growth is rapid, alternative
resources are scarce, energy supply security is
a priority or nuclear power is important for
reducing air pollution and greenhouse gas
(GHG) emissions. NPPs are also more attractive
to government investors responsible for
energy security, GHG emissions and long-term
development than for private investors who need
rapid returns and receive no financial benefit
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from nuclear power’s low GHG emissions
or contribution to energy security. Thus in
deregulated, slower growth markets in the
West, new NPPs are generally less attractive.
Anticipating entry-into-force of the Kyoto
Protocol, Europe is creating a GHG emissions
market, and future investors may thus realise a
tangible benefit from nuclear power’s low GHG
emissions. The USA is exploring alternative
ways to adjust near-term market incentives to
encourage nuclear expansion in line with the
longer term US National Energy Policy. Fur-
thermore, reactor designers are continually
working on reducing capital costs through
improved designs, as discussed in the ‘Advanced
Reactors and Fuel Cycles’ section.

Safety: Although the Chernobyl accident still
hangs over nuclear power, the industry’s current
safety record is very good. Statistics for 2002
from the World Association of Nuclear Oper-
ators continue to show the trend seen throughout
the 1990s towards lower industrial accident rates
and fewer unplanned automatic scrams. The
safety debate today is largely in the context of the
European Union’s efforts to accelerate closure of
first-generation water cooled WWER and graph-
ite-moderated reactors in Eastern Europe. Most
recently, Bulgaria shut down Kozloduy-1 and -2
at the end of 2002 and Lithuania agreed to shut
Ignalina-2 in addition to Ignalina-1.

Spent fuel and waste: As shown in Fig. 6.7,
inventories of spent fuel are growing, owing to
limited reprocessing and delays in disposal. For
high-level waste, the most progress on disposal
facilities has been made in Finland, Sweden and
the USA. Finland’s Government and Parliament
have approved a decision ‘in principle’ to build a
final repository for spent fuel near Olkiluoto.
Separate construction and operating licences
will also be required. Construction should start
in 2011 and operation about 10 years later.
Sweden has begun detailed geological investi-
gations at three candidate sites. These should run
for 5 or 6 years, and the Swedish nuclear fuel and
waste management company, SKB, hopes to
make a final site proposal by about 2007. The
Waste Isolation Pilot Plant in the USA began
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FIGURE 6.7 Cumulative worldwide spent fuel (SF) reprocessing and storage, historical and projected, 1990—2020.

accepting military transuranic waste in 1999
for permanent disposal in bedded salt. In 2002,
the US President and Congress decided to
proceed with the Yucca Mountain disposal site,
operations at which are planned to begin in 2010.

Although the present focus remains on
establishing national repositories, there is
renewed interest in the possibility of regional
or international repositories. One reason is the
interest noted below in increasing international
control of nuclear material as one effort to
strengthen the global non-proliferation regime.
The other is the reality that for countries with no
good waste sites, or with small research and
power programmes, individual national disposal
sites make no economic sense.

Proliferation resistance: The international
non-proliferation regime consists of the Treaty
on the Non-Proliferation of Nuclear Weapons
(NPT) and comprehensive International Atomic
Energy Agency (IAEA) safeguards agreements,
including additional protocols now in force in 38
countries', international verification measures
(the safeguards system of the IAEA plus
regional agreements and bilateral agreements)

' As of 18 December, 2003.
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and export controls. The system is robust, nearly
universal and in the main scrupulously applied.
The cornerstone is the NPT, to which all of the
UN’s 191 countries (plus the Holy See) are
parties except India, Israel and Pakistan—
although the status of the DPRK is confusing.
In February 2003 the DPRK notified the UN
Security Council of its withdrawal from the
NPT, but the UN continues to list the DPRK as a
party to the agreement.

While the system has been largely effective
for more than 30 years, violations by the DPRK,
Libya and Iraq and the questions raised in 2003
about Iran suggest that additional measures
are needed. New emphasis is being given to
proposals to limit the use of and access to fissile
material. One possibility is to limit facilities
for legitimate uses to multinational consortia
that are carefully and transparently constrained.
Another complementary possibility is to develop
new nuclear reactor designs and fuel cycles with
engineered features to increase proliferation
resistance. Current development programmes
are summarised in the ‘Advanced Reactors and
Fuel Cycles’ section.

Cutting across all these factors is the issue of
preserving, transferring and expanding nuclear



knowledge and skills. All are critical to ensuring
safety and security, encouraging innovation,
and ensuring that the nuclear option remains
available for countries that wish to use it.
However, in some industrialised countries, the
nuclear workforce is ageing, fewer young people
are studying nuclear science, nuclear engineer-
ing and related fields, and a number of
universities have given up nuclear education
programmes altogether. Programmes to reverse
such trends have recently begun in quite a few
countries, and the IAEA and others have become
active at the international level.

Looking Ahead

Medium-Term Projections

Updated projections for nuclear power,
produced by the IAEA in 2003, are shown
in Fig. 6.8. The low projection essentially
assumes no new NPPs beyond those that are
already being built or are firmly planned today,
plus the retirement of old NPPs. This projection
shows a 20% increase in global nuclear gener-
ation up until the end of 2020, followed by a
decrease, resulting in global nuclear generation
in 2030 only 12% higher than in 2002. Increases
are most substantial in the Far East, and
decreases are greatest in Western Europe.

In the high projection, global nuclear
generation steadily increases by 70% through
2030. There are increases in all regions, led
by the Far East. However, overall electricity
generation increases even faster than nuclear
power, causing nuclear power’s share of over-
all electricity to decline from 16% in 2002 to
11% in 2030.

The latest update, in 2002, of the Reference
Scenario of the OECD International Energy
Agency (IEA) follows essentially the same
pattern as the IAEA’s low projection, since
both are based on current official government
policies and plans for energy development.
Nuclear generation in the IEA Reference
Scenario, however, declines somewhat more
after 2010 and has a final 2030 value 6% lower
than in the IAEA’s low projection.

Chapter 6: Part II: Nuclear

Longer-Term Projections, Sustainable
Development and Climate Change

Long-term scenarios, however, paint a more
optimistic picture for nuclear expansion. The 40
reference scenarios in the Intergovernmental
Panel on Climate Change’s (IPCC’s) Special
Report on Emissions Scenarios (SRES), pub-
lished in 2000, projected global nuclear
capacities in 2050 ranging from the current
value of 350 GW,, up to more than 5 000 GW,,
with a median of more than 1 500 GW,. This
would require adding 50-150 GW, per year
from 2020-2050. But none of the SRES
reference scenarios includes policies to limit
GHG emissions. A scenario that does include
this objective, as well as objectives concerning
energy security, diversification and access, is the
‘SD Vision Scenario’ published by the IEA in
2003. In it, nuclear energy expands 14-fold
between 2000 and 2050, near the top end of the
SRES range.

This ‘projection gap’ between the medium-
term IAEA projections and the long-term
scenarios of SRES and the IEA is largely due
to differing assumptions about political con-
straints, cost improvements and innovation.
The medium-term scenarios assume relatively
hostile or indifferent political environments,
no strong sustainable development constraints,
no innovation and little or no progress on new
NPP costs. The long-term SRES scenarios gen-
erally assume, first, that nuclear technologies,
like other technologies, are not static and,
second, that in the long term investments are
made ultimately on the basis of economics. The
IEA scenario also assumes strong sustainable
development constraints.

The ‘Advanced Reactors and Fuel Cycles’
section summarises current R&D on innovative,
lower cost NPPs. With respect to political
constraints, recent important international
debates have taken place within the UN
Commission on Sustainable Development
(CSD) and at the 2002 World Summit on
Sustainable Development (WSSD).

The CSD was established in 1992 to follow
up implementation of Agenda 21 as negotiated
at the UN Conference on Environment and
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2002 2010 2020 2030
Total Total Total Total
Electricity Nuclear Electricity Nuclear Electricity Nuclear Electricity Nuclear
Country Group TWh TWh TWh TWh
TWh % TWh % TWh % TWh %

North America 4779 851.1 17.8 5034 874 17 5784 870 15 6451 844 13
5444 894 16 6709 939 14 8 146 944 12
Latin America 1078 28.6 27 1178 29 25 1628 47 29 2227 30 1.3
1427 38 2.7 2291 50 22 3758 92 24
Western Europe 3084 880.2 28.5 3352 858 26 3634 823 23 3942 564 14
3609 893 25 4 687 961 20 6 061 1090 18
JEastern Europe 1758 298.5 17.0 1884 319 17 2174 423 19 2463 378 15
2074 399 19 2 867 552 19 4133 611 15
Africa 459 12.0 2.6 538 13 25 699 14 2.0 876 14 1.6
612 14 2.3 973 24 24 1530 60 3.9
Middle East & South Asia 1176 19.6 1.7 1342 41 3.1 1805 53 3.0 2327 70 3.0
1626 47 29 2596 100 3.9 3946 194 4.9

South East Asia & the Pacific 600 736 934 1162
786 1119 55 0.5 1584 18 1.2
Far East 3157 484.3 15.3 3399 695 20 4199 855 20 5073 981 19
4 296 702 16 6 605 1125 17 9830 1361 14
World total Low Estimate 16 090 2574.2 16.0 17 463 2830 16 20 857 3085 15 24 520 2881 12
High Estimate 19 873 2987 15 27 848 3756 13 38 989 4369 11

FIGURE 6.8 Estimates of total electricity generation and contribution by nuclear power.
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Development (UNCED). In April 2001, at its
ninth session, the CSD focussed on energy issues
for the first time. It conducted a comprehensive
debate on nuclear energy and came to two
principal conclusions. The first is that the parties
agreed to disagree on nuclear energy’s role in
sustainable development. The final text notes
that some countries see nuclear energy as a
substantial contributor to sustainable develop-
ment while others consider the two to be
fundamentally inconsistent. Second, the parties
agreed that, ‘the choice of nuclear energy rests
with countries’. These conclusions on nuclear
power were reinforced a year and a half later at
the WSSD in Johannesburg, South Africa.

In connection with rising international con-
cerns about global warming, implementation of
the Kyoto Protocol would be an important step
towards attaching a tangible economic value to
nuclear power’s avoidance of GHG emissions.
Currently the fact that nuclear power produces
virtually no greenhouse gases is an advantage
that is invisible to investors. Except for a
very few instances, there have been no restric-
tions or taxes on GHG emissions and thus no
economic value to their avoidance. Particularly
in liberalised energy markets, binding restric-
tions on GHG emissions are needed if nuclear
power’s advantage of very low emissions is
ever to matter to investors. And at the moment,
the Kyoto Protocol is the world’s only oper-
ative route toward widespread, coordinated
restrictions.

Given the current status of ratifications, the
Kyoto Protocol will enter into force if and only if
either Russia or the USA ratifies. The US
Government has emphatically said it will not
ratify. Deliberations are under way in Russia, but
both the timing and outcome are uncertain.

Advanced Reactors and Fuel Cycles
Many countries are working to improve the
economics, safety and proliferation resistance of
advanced reactor—fuel cycle systems. Efforts are
focussed on making plants simpler to operate,
inspect, maintain and repair. In the near term,
most new NPPs are likely to be evolutionary
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designs building on proven systems while
incorporating technological advances and often
economies of scale. For the longer term, the
focus is on innovative designs, several of which
are in the small-to-medium range (up to
700 MW,). These envision construction with
factory-built components, including complete
modular units for fast on-site installation,
creating possible economies of series production
instead of economies of scale. Other advantages
foreseen for smaller units are easier financing,
greater suitability for small electricity grids or
remote locations, and their potential for district
heating, seawater desalination and other non-
electric applications. All should increase their
attractiveness for developing countries.

Important efforts on large evolutionary
LWR designs are under way in China, France,
Germany, Japan, the Republic of Korea, the
Russian Federation and the USA. The main
efforts on small and medium-size evolutionary
LWR designs are in China, France, Japan, the
Russian Federation and the USA. Innovative
LWR designs (i.e. those that incorporate radical
conceptual changes in design approaches or
system configuration) are being developed in
Argentina, Japan, the Republic of Korea, the
Russian Federation and the USA.

Both Canada and India are working on
advanced heavy water reactor designs, and a
number of advanced gas cooled reactor designs
are being developed with participation from
China, France, Germany, Japan, the Russian
Federation, South Africa, the UK and the USA.
For liquid metal cooled fast reactors, develop-
ment activities are under way in China, France,
India, Japan, the Republic of Korea and the
Russian Federation. Development activities for
lead alloy and sodium liquid metal cooled fast
reactor systems and for gas (helium) cooled fast
reactors are being conducted within the Gener-
ation IV International Forum (GIF) and in the
Russian Federation. Research on fast neutron
spectrum hybrid systems (e.g. accelerator driven
systems) is under way in the Republic of Korea,
the Russian Federation, the USA and eight EU
countries.
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Complementing the many initiatives above
are two major international efforts to promote
innovation—the US-initiated GIF and the
IAEA’s International Project on Innovative
Nuclear Reactors and Fuel Cycles (INPRO).
The former is currently geared towards specific
technology development for reactors intended to
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come online around 2030. The latter is focussed

more on the establishment of user requirements

to guide fuel cycle and reactor R&D pro-

grammes targeted on prospective global mid-
century energy markets.

H.-Holger Rogner

International Atomic Energy Agency



Table Notes

The majority of the data shown in Table 6.4
were provided by WEC Member Committees in
2003. If information was not available from this
source, data have been derived from the
following published sources:

TABLE 6.4

Nuclear energy: capacity and generation
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e Nuclear Power Reactors in the World; April
2003; International Atomic Energy Agency,
Vienna;

o FElecnuc: Les Centrales Nucléaires dans le
Monde 2003; Commissariat a 1’énergie
atomique, Paris.

In operation

Under construction

Net generation Nuclear share of

in 2002 at end-2002 in 2002 (TWh) electricity generation
in 2002 (%)
Units Capacity Units Capacity
(number) MW,) (number) (MW,)
South Africa 2 1 800 12.0 5.8
Total Africa 2 1 800 12.0
Canada 14 10 018 70.9 12.5
Mexico 2 1 365 9.4 4.1
USA 104 98 564 780.1 20.3
Total N. America 120 109 947 860.4
Argentina 2 935 1 692 5.8 7.6
Brazil 2 1 901 13.8 4.0
Total S. America 4 2 836 1 692 19.6
Armenia 1 376 2.1 40.5
China 7 5318 4 3275 23.5 1.4
India 14 2 503 7 3420 17.8 3.7
Japan 52 43 893 3 3 696 314.3 33.9
Korea (DPR) 1 1 040
Korea (Republic) 18 14 890 2 1920 113.1 38.6
Pakistan 2 425 1.8 2.5
Taiwan, China 6 4 884 2 2 700 339 20.5
Total Asia 100 72 289 19 16 051 506.5
Belgium 7 5 760 44.7 57.3
Bulgaria 6 3 538 18.8 473
Czech Republic 5 2 556 1 912 17.6 25.0
Finland 4 2 656 21.4 25.6
France 59 63 273 416.5 77.9
Germany 19 21 283 162.3 29.9
Hungary 4 1770 13.1 39.7
Lithuania 2 2 370 12.9 80.1

(continued on next page)
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TABLE 6.4 (Continued)

In operation Under construction ~ Net generation Nuclear share of
in 2002 at end-2002 in 2002 (TWh) electricity generation
in 2002 (%)

Units Capacity Units Capacity
(number) MW,) (number) (MW,)

Netherlands 1 450 3.7 4.0
Romania 1 708 1 708 5.4 9.8
Russian Federation 30 20 793 3 2 825 130.0 16.0
Slovakia 6 2 460 2 820 16.5 54.6
Slovenia 1 656 55 38.0
Spain 9 7 579 60.3 25.7
Sweden 11 9 424 65.6 44.0
Switzerland 5 3127 25.7 39.5
Ukraine 13 11 207 4 3 800 73.4 45.7
United Kingdom 31 12 486 81.1 22.1
Total Europe 214 172 096 11 9 065 1174.5

Iran 1 1 000

Total Middle East 1 1 000

Total World 440 358 968 32 26 808 2 573.0

Note:

(1) The capacity and output of the Krsko nuclear power plant, shown against Slovenia in the table, is shared 50/50 between
Slovenia and Croatia.
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COUNTRY NOTES

The Country Notes on Nuclear have been
compiled by the editors, largely on the basis of
material published in:

e Nuclear Power Reactors in the World, April
2003, International Atomic Energy Agency,
Vienna;

e FElecnuc: Les Centrales Nucléaires dans le
Monde 2003, Commissariat a 1’énergie ato-
mique, Paris;

® Daily Press Review, IAEA, Vienna;

e WNA News Briefing, World Nuclear Associ-
ation, London.

Information provided by WEC Member
Committees has been incorporated when
available.

Argentina

There are two NPPs: Atucha-I, a 335 MW,
PHWR supplied by Germany, and Embalse, a
Canadian-designed 600 MW, PHWR: Atucha-I
came online in 1974, Embalse in 1983. In 2002
the two nuclear stations provided 7.6% of
Argentina’s electricity output.

The construction of a third unit (Atucha-
II), a 692 MW, PHWR, has been interrupted
since 1995. The project had advanced 80%,
and the estimated time to complete the work
from the date it is restarted is 4 years. At
present the extension of the useful life of
the existing nuclear power stations and the
conditions that should be observed to complete
Atucha II Nuclear Power Station are being
studied.

Armenia

A NPP came into operation at Medzamor,
64 km from the capital Yerevan, in 1976 but it
was closed down in 1989 following an earth-
quake the previous year. Concern over the

Chapter 6: Part II: Nuclear

station’s safety from a seismic point of view
was exacerbated by the repercussions of the
Chernobyl incident.

One of the two original WWER units
(Medzamor-2) has been upgraded and refur-
bished, coming back into commercial operation
in 1996 with a capacity of 376 MW.. It provided
about 40% of Armenia’s electricity output in
2002. In February 2003, Russia assumed finan-
cial management of Medzamor-2 in settlement
of fuel debts owed by Armenia.

In December 2003, it was reported that the
IAEA and local companies were examining the
possibility of constructing a new reactor at
Medzamor NPP to meet growing energy demand
in the period to 2020.

Belgium

A total of seven reactors were constructed
between 1975 and 1985, four units at Doel
and three at Tihange; they are all of the PWR
type, with an aggregate net generating capacity
of 5760 MW,. In 2002, nuclear power pro-
vided about 57% of Belgium’s electricity
generation.

In January 2003, Belgium’s Senate voted for
a nuclear phase-out law which stipulates that all
seven units shall be closed after completing 40
years of operation. The first reactors are thus due
to be shut down in 2015, the last in 2025.

Brazil

At the end of 2002, Brazil had two NPPs
in operation: Angra-1, a 626 MW, net PWR,
and Angra-2 (1 275 MW, net). In an electricity
market dominated by hydropower, nuclear’s
share of generation in 2002 was only 4%.

A project for a third unit at Angra, of similar
size to Angra-2, is under discussion in the
Ministry of Mines and Energy, which is respon-
sible for the definition of energy policies.
Many aspects are being analysed, including the
project’s environmental and economic viability.
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Hence the construction of the third NPP has not
yet been authorised by the Brazilian Electricity
Regulatory Agency.

Bulgaria

Six WWER units have been constructed at
Kozloduy, in the north-west of the country, close
to the border with Romania. Four units (each
of 408 MW, net capacity) were brought into
operation between 1974 and 1982, and two
others (each of 953 MW, capacity) were com-
missioned in 1987 and 1989, respectively. The
combined output of the Kozloduy reactors
provided 47% of Bulgaria’s electricity gener-
ation in 2002. Kozloduy-1 and -2 were shut
down in December 2002 and the Government
has agreed to the EU’s demand that units 3 and 4
be closed down by 2006. The Bulgarian WEC
Member Committee foresees a total nuclear
capacity of 3 000 MW, in 2015, with four units
in operation.

A legal, regulatory and pricing framework
will be set for the implementation of every single
new project on a fair and genuinely competitive
basis. Bulgaria will continue to rely on nuclear
energy and to develop it further in compliance
with the up-to-date requirements on safety, cost
efficiency and reliability, nuclear safety and
radiation protection.

Construction of unit 1 on a site at Belene
started in 1987, but at present this project
is on hold. Any decision on the decommis-
sioning of nuclear facilities will be based on a
comprehensive analysis of the country’s
capacity to maintain and upgrade safety levels
and to operate nuclear facilities in compliance
with national legislation and commitments
arising from the Convention on Nuclear
Safety.

Russia has expressed interest in participating
in the construction of a seventh unit at Kozloduy
or one at Belene, about 110 km to the east. The
European Commission has granted a loan of
€212.5 million to modernise and upgrade safety
at Kozloduy-5 and -6.
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Canada

There are currently 22 nuclear power reactors
in Canada, which are operated by public utilities
and private companies in Ontario (20), Quebec
(1) and New Brunswick (1). Of the 22 reactors
installed, 14 reactors are currently in full com-
mercial operation; all plants are of the PHWR
type, providing total nuclear generating capacity
of almost exactly 10 GW. They generate, on
average, around 12.5% of Canada’s electricity
needs.

Of the eight nuclear reactors that were laid-
up at the end of 2002, four were at Pickering
A station and four at Bruce A station. It is
anticipated that all four units at Pickering A
and two units at Bruce A will be brought back
into service by 2007, subject to final regulatory
approvals. (In fact, Bruce A-4 returned to
service in October 2003, and the A-3 unit
reached criticality in December of the same
year.) Bruce Power, the Canadian consortium
currently leasing the Bruce units, has indicated
that the other two units will be restarted if a
proper business case can be made for resur-
recting them.

Canada will continue to rely on nuclear
energy to help satisfy its electricity requirements
in the future. While the units presently laid-up
are expected to be back in service by 2007, no
new nuclear reactors are currently planned to be
built over this period.

The Federal Government regulates the
nuclear industry through the Canadian Nuclear
Safety Commission (CNSC) and provides finan-
cial support for the research and development
programme of Atomic Energy of Canada
Limited (AECL).

China

China’s first NPP, a 279 MW, PWR, came
online at Qinshan, near Shanghai, in December
1991. Two larger PWRs (each 944 MW, net)
were brought into operation at Daya Bay
(Guangdong province) in 1993-1994. Four



more plants came into operation during 2002:
Qinshan 3-1, a 665 MW, PHWR and three
PWRs, Lingao 1 and 2, each 938 MW,, and
Qinshan 2-1 (610 MW,). At end-2002, China’s
nuclear generating capacity stood at
5 318 MW,; with output from the seven units
providing 1.4% of its electricity generation
during the year.

Four more nuclear units (a 665 MW, PHWR
and three PWRs, one of 610 MW, and two
1 000 MW,,) were under construction at the end
of 2002, with an aggregate net capacity of
3 275 MW..

Croatia

There are no nuclear plants on Croatian soil
at present but the republic has a 50% share in the
656 MW, Krsko PWR located across the border
in Slovenia.

Czech Republic

There are four 411 MW, (net) reactors at
Dukovany, which came into operation between
1985 and 1987. Two 912 MW, (net) units have
been constructed at Temelin: the first unit came
online in December 2000, the second during
2003. In 2002, nuclear power provided 25% of
the republic’s net electricity generation.

The construction and commissioning of the
Russian-designed WWER units at Temelin have
aroused considerable anxiety in neighbouring
countries, particularly Austria, owing to fears
over their operational safety. The reactors are
based on a Soviet design, subsequently updated
with Western control systems.

The commissioning of Temelin-2 marks
the completion of the Czech Republic’s
current nuclear programme. Any further
developments will depend upon political
decisions at government level. Continued use
of nuclear energy for electricity generation is
foreseen during the next 20 or more years in
the document entitled ‘Energy Policy of the
Czech Republic’.
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Egypt (Arab Republic)

In June 2002, the Egyptian Minister of
Electricity and Energy announced plans for the
country’s first nuclear station, to be constructed
on the Mediterranean coast, 150 km west of
Alexandria. The WEC Member Committee has
reported that, in cooperation with the TAEA,
Egypt is currently carrying out studies to
determine the type and size of the installation,
which will provide both electricity generation
and desalination of seawater. The plant is
planned to be in commercial operation before
2020.

Finland

Four nuclear reactors were brought into
operation between 1977 and 1980: two
488 MW. WWERs at Loviisa, east of Helsinki,
and two 840 MW, BWRs at Olkiluoto. In 2002
the four units accounted for 25.6% of Finland’s
electricity output.

The Finnish Parliament ratified in May 2002
the Government’s earlier favourable Decision-
in-Principle (DiP) on a fifth NPP unit. The
application for the DiP had been filed in
November 2000 by the nuclear power company
Teollisuuden Voima (TVO). Following the
ratification of the DiP, TVO was authorised
to continue preparations for the construction
of a new NPP. A new nuclear power unit of
1 000—-1 600 MW, could be in commercial use
by 2010.

In October 2003, TVO announced that its
preferred site for the fifth nuclear station was
at Olkiluoto, 250 km north-west of Helsinki. A
construction contract was signed with a Frama-
tome and Siemens consortium in December of
the same year.

France
France has pursued a vigorous policy of

nuclear power development since the mid-1970s
and now has by far the largest nuclear generating
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capacity of any country in Europe, and is second
only to the USA in the world. At end-2002 there
were 59 reactors in operation, with an aggregate
net capacity of over 63 000 MW,. NPPs provide
some 78% of France’s electricity output. Apart
from a single fast reactor (Phenix), PWRs
account for the whole of current nuclear
capacity.

There are no nuclear reactors presently under
construction: the completion of Civaux-2 in
December 1999 marked the end of the current
French nuclear programme; no more units are
likely to be built before 2015.

Germany

A total of 19 reactor units, with an aggregate
net generating capacity of 21 283 MW,, were
operational at the end of 2002. Nuclear power
provided 30% of Germany’s net electricity
generation in that year.

In June 2000, the Federal Government
concluded an agreement with the German utility
companies that provides for an eventual phasing-
out of nuclear generation. The agreement
specifies a maximum of 2 623 TWh for the
lifetime production of all existing nuclear reac-
tors, which implies an average plant lifetime
of 32 years. As the newest German reactor
(Neckarwestheim-2) was connected to the grid
in January 1989, it could be expected to survive
until 2021; however, utilities will be allowed
to switch productive capacity between stations,
so that the life of the newer, more economic
plants could be extended by prematurely shut-
ting down other units. Moreover, the calculated
32-year average lifespan is predicated on a
capacity factor of over 90%; using a somewhat
lower (and more realistic) level of, say, 85% the
average plant lifetime would approach 35 years.

Hungary
Four WWER reactors, with a current aggre-

gate capacity of 1 770 MW,, came into commer-
cial operation at Paks in central Hungary,
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between 1983 and 1987. Their combined output
in 2002 accounted for nearly 40% of total net
electrical generation.

The Hungarian WEC Member Committee
reports that there are two plans in connection
with the present nuclear power installation:

e extension of its lifetime by 20 years (from
2017 to 2037);

e increasing its capacity (up to 500 MW, rated
capacity for each block), over the period to
2008.

India

At the end of 2002, India had 14 reactor units
in operation, with an aggregate net generating
capacity of 2 503 MW,. Twelve were PHWRs,
the other two being of the BWR type: all were
relatively small units, with individual capacities
up to 202 MW,. Output from India’s nuclear
plants represented 3.7% of total electricity
generation in 2002.

Three 202 MW, PHWRs are currently under
construction: Kaiga-3 and -4, and Rajasthan-5;
also two larger PHWRs—Tarapur-3 and -4 (each
of 490 MW, net capacity) and two 917 MW,
WWERs (Kudankulam 1 and 2). In all, these
seven units will add 3 420 MW, to India’s
nuclear generating capacity over the next 5
years.

Construction of a 300 MW, advanced heavy
water reactor (AHWR) is scheduled to begin in
2004, with a view to exploring the use as fuel of
thorium, of which India has substantial reserves,
much larger than its known uranium resources.

Indonesia

The Minister of Research and Technology
announced plans in January 2003 for the
construction of Indonesia’s first NPP. Construc-
tion is aimed to start in 2010, with completion
by 2015. A year later, the plan was publicised
again, this time by the Director-General of Elec-
tricity at the Ministry of Mines and Energy,



who outlined a project for a 6 000 MW, NPP to
be built at Gunung Muria, Central Java, between
2011 and 2016.

In April 2003, during a visit to Moscow, the
Indonesian President was offered a 40 MW,
floating nuclear plant, for completion in around
2015-2017. Russia plans to install a seaborne
NPP off its Barents Sea port of Severodvinsk
during the next 5 years.

Iran (Islamic Republic)

Construction of two 1200 MW, PWRs
started at Bushehr in the mid-1970s, but work
was suspended following the 1979 revolution.
France’s Commissariat a 1’énergie atomique
reports (end-2003) that Iran currently has two
units under construction: Bushehr-1 (915 MW,
net) and Bushehr-2 (1 196 MW, net). In October
2003, Russia, the supplier of the reactor equip-
ment, announced a year’s delay to the projected
start-up date of the first Iranian reactor, putting it
back until 2006. The Iranian WEC Member
Committee expects both units to be in operation
in 2015.

Japan

At the end of 2002 there were 52 operable
nuclear reactors, with an aggregate gross gen-
erating capacity of 45 742 MW, (43 893 MW,
net). Within this total there were 29 BWRs
(26 376 MW, gross, 25 468 MW, net), and 23
PWRs (19 366 MW, gross, 18 425 MW, net).
The Monju prototype fast-breeder reactor
(260 MW, net) has not yet been put back into
operation, 8 years after a serious leak of sodium
caused it to be shut down. In January 2004, the
Nuclear and Industrial Safety Agency approved
modifications to Monju designed to enable the
reactor to be restarted.

In 2002, the output from Japan’s NPPs
provided about 34% of its net generation of
electricity. At the end of the year, there were
three units under construction (excluding the
restoration of Monju), with an aggregate
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generating capacity of 3 838 MW, gross
(3 696 MW,, net). The Japanese WEC Member
Committee expects that by the end of 2015 there
will be 67 nuclear reactors in operation, with a
total gross capacity of 65 415 MW, (approxi-
mately 63 000 MW, net).

It was reported in July 2003 that Japan’s new
long-term energy plan would continue to
promote the use of nuclear power as a key
player in the drive to alleviate global warming.

Construction of Shimane-3 (a 1 375 MW,
ABWR) has been delayed and is now expected
to start in March 2005, with completion planned
for 6 years later.

Kazakhstan

The only NPP to have operated in Kazakh-
stan was BN-350, a 70 MW, fast breeder reactor
located at Aktau on the Mangyshlak Peninsula in
the Caspian Sea. It came into service in 1973 and
was eventually shut down in June 1999.
Reflecting its small generating capacity, and its
additional use for desalination and the provision
of process heat, BN-350’s contribution to the
republic’s electricity supply was minimal: over
its lifetime of operation, its average annual
output was only about 70 GWh.

In June 2003, the Minister of Energy and
Mines announced plans for the construction of a
NPP within the next 15 years. The two—three
unit NPP is to be established on the shores of
Lake Balkhash in the Karaganda region of
central Kazakhstan.

Korea (Democratic People’s Republic)

A 1040 MW, PWR—known as LWR Pro-
ject Unit 1—has been under construction since
August 2002.

Korea (Repubilic)

At end-2002, there were 18 nuclear reactors
(14 PWRs and 4 PHWRs) in operation, with
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an aggregate net capacity of 14 890 MW.. Two
PWRs (Ulchin-5 and -6) were under construc-
tion, with a total capacity of 1 920 MW,; it is
anticipated that by the end of 2015, 28 units with
a total generating capacity of about 25 GW,, will
be in service: this would represent a 70%
increase in Korea’s nuclear capacity.

Lithuania

Two LWGRs (each of 1500 MW, gross
capacity) were built at Ignalina, north-east of
Vilnius, in the mid-1980s: one was commis-
sioned in December 1983 and the other in
August 1987. After the accident at Chernobyl,
the capacity of the Ignalina NPP was derated to
2 600 MW, gross (2 370 MW, net) for safety
reasons. The two units accounted for 80% of
Lithuania’s electricity generation in 2002.

The National Energy Strategy approved by
Parliament (the Seimas) in 1999 provided that
Unit 1 of Ignalina NPP would be closed before
2005, taking into account conditions of long-
term financial assistance from the European
Union and the G-7 countries, as well as from
international financial institutions. On the basis
of the same assumptions, and taking into account
that the Member States of the European Union
are ready to provide adequate additional assist-
ance for decommissioning, the National Energy
Strategy approved by the Seimas in 2002
provides for the closure of Unit 2 of Ignalina
NPP in 2009. However, the Strategy declares
that, seeking to use the existing infrastructure at
Ignalina and to remain a nuclear energy state,
Lithuania will legally, financially and politically
support investments into the construction of a
new unit or reactor (complying with modern
safety requirements).

Mexico
There is a single nuclear power station with

two BWR units of total net capacity 1 365 MW,,
located at Laguna Verde in the eastern state of
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Veracruz. The first unit was brought into
operation in April 1989 and the second in
November 1994. Laguna Verde’s electricity
output accounted for just over 4% of Mexico’s
total net generation in 2002.

As present there is no officially declared
nuclear policy. Nevertheless, nuclear power is
recognised as part of the country’s energy mix.
The continued operation of the two reactors at
the Laguna Verde NPP is contemplated until the
end of their operational lifetime. There are
currently no plans for expansion of nuclear
energy use during the next 20 years.

Netherlands

Two NPPs have been constructed in the
Netherlands: a 55 MW, BWR at Dodewaard
(connected to the grid in 1968) and a 450 MW,
PWR at Borssele (online from 1973). The BWR
was taken out of service in 1997 but the PWR
will not be shut down until 2013. Borssele’s
output accounted for 4% of Dutch electricity
generation in 2002.

Pakistan

A small (125 MW.) PHWR plant was
commissioned in 1971. Known as Kanupp
(Karachi Nuclear Power Plant), this facility has
made a minor contribution (less than 1%) to the
national annual electricity supply. In June 2000,
it was joined by a second plant (Chasnupp 1), a
300 MW, PWR constructed at Chasma.
Together, the two plants contributed 2.5% to
Pakistan’s power supplies in 2002.

In view of the limited availability of
indigenous fossil fuels and seasonal variations
in hydro resources, Pakistan is keen to expand
the use of nuclear power to meet its future
electricity requirements. Nuclear power devel-
opment has remained slow, owing to restrictions
on its international trade and financial difficul-
ties. The successful functioning of the two
existing NPPs has given the Pakistan Atomic



Energy Commission (PAEC) confidence to plan
for more NPPs, in a manner that would
progressively lead to a higher degree of self-
reliance. Kanupp has completed its design life of
30 years and is in the process of obtaining a
licence for a life extension of 10—15 years. A
third NPP (Chasnupp-2, or C-2), with a net
capacity of 300 MW,, is in the planning stage.
PAEC is planning to construct additional nuclear
units after C-2.

Romania

Romania’s first nuclear plant—a 708 MW,
PHWR supplied by AECL of Canada—came
online in 1996 at Cernavoda in the east of the
republic. In 2002, it supplied about 10% of
Romania’s electricity generation.

The Romanian WEC Member Committee
reports that the first nuclear group (unit) in
Romania, using the Canadian CANDU technol-
ogy, has produced very good results. A second
group is under construction, with its completion
expected in 2006. A national development
programme for nuclear energy has been prepared
which foresees the construction and exploitation
of another two groups. At national level, there is
no opposition towards nuclear energy develop-
ment from the public and organisations in the
field of environmental protection.

Russian Federation

There were 30 nuclear units installed at nine
different sites at the end of 2002, with an aggre-
gate net generating capacity of 20 793 MW..
The reactor types represented consisted of
eleven 925 MW, LWGRs, eight 950 MW,
WWERs, four 411 MW, WWERs, four 11 MW,
LWGRs, two 385 MW. WWERs and one
560 MW, FBR. In all, NPPs provided 16%
of the Russian Federation’s electricity output
in 2002.
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Three reactor units, with an aggregate
capacity of 2 825 MW,, were under construction
at the end of 2002.

It was reported in April 2003 that Russia
was aiming to double nuclear generation by
2020: the increase in capacity would be achieved
through ‘the construction of new production
units, modernisation of existing units and the use
of new techniques’.

Russia plans to build a floating NPP, with a
reactor of the type installed in nuclear sub-
marines. The plant, designed to be mounted on
a barge, is said to have a capacity of 70 MW
of electricity and 140 Gcal of thermal energy.

Slovakia

Four 408 MW, WWERs were brought into
service at Bohunice between 1978 and 1985; a
slightly smaller (388 MW, net) WWER came
into operation at Mochovce in 1998. Mochovce-2
(also 388 MW,) was connected to the grid just
before the end of 1999 and went commercial
in April 2000. Together, these six reactors are
reported to have a current net capacity of
2 460 MW, and to have provided 54.6% of the
republic’s electricity output in 2002. Two more
blocks (total net capacity 820 MW,) are under
construction, but completion is probably a long
way off.

Slovenia

A bi-national PWR (current capacity
656 MW, net) has been in operation at Krsko,
near the border with Croatia, since 1981. Its
output is shared 50/50 with Croatia. Slovenia’s
share provided 38% of its electricity generation
in 2002.

South Africa

There is a single nuclear power station at
Koeberg, about 40 km north of Cape Town. The
plant has two 900 MW, PWR units which were
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commissioned in 1984—1985. The plant, which
is owned and operated by Eskom, the national
utility, provided nearly 6% of South Africa’s
electricity in 2002.

No expansion of the PWR is envisaged. A
feasibility study on the development and con-
struction of a pebble bed modular reactor
(PBMR) has been conducted. The Government
has recently accepted the environmental impact
study. A nuclear licence needs to be issued and
the final decision to construct the reactor to be
taken. The PBMR concept envisages a number of
small (~ 100 MW) reactors operating in tandem.
If all approvals are given, a demonstration unit
could be operational by 2012. This is expected to
be erected at the Koeberg site.

Spain

Nine nuclear reactors were brought into
commission between 1968 and 1988: at the
end of 2002, they had an aggregate net capacity
of 7579 MW, and in 2002 provided nearly
26% of Spain’s electricity generation. Two of
the units are BWRs (total capacity 1 489 MW,,),
the rest being PWRs. Planned uprating of
capacity brought the total up to 7 620 MW, by
end 2003. Upgrading programmes to increase
the capacity of the Spanish nuclear power plants
have resulted in a total increase of 464 MW,
since 1990.

The Spanish WEC Member Committee
foresees an aggregate nuclear capacity of
7 581 MW, by end-2015 (taking into account
the shutdown of Spain’s oldest NPP, José
Cabrera (153 MW,) in 2006).

At present, the construction of new NPPs
is not foreseen. The present policy concerning
the existing NPPs is to continue their operation
as long as they are safe, economic and reliable.
The current life management programme
will allow them to exceed the usual 40-year
mark by a substantial number of years, in line
with the trends prevailing in various leading
countries.
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Sweden

Between 1971 and 1985 a total of 12 nuclear
reactors (nine BWRs and three PWRs)
commenced operation. The 11 units remaining
in service at end-2002 had an aggregate net
capacity of 9 424 MW.. Nuclear power pro-
vided 44% of Sweden’s net output of electricity
in 2002.

In June 1997, the Swedish Parliament took
a decision to start the phasing-out of nuclear
power. The decision specified that the two units,
600 MW, each, at the Barsebick nuclear station
were to be closed by end-June 1998 and end-
June 2001, respectively; an earlier decision with
regard to a final date for total nuclear phase-out
by 2010 was explicitly removed, without
specifying an alternative final date.

The execution of the first closure was delayed
by legal conflicts between the owner, Sydkraft,
and the Government. During November 1999
an agreement was reached concerning the level
of compensation, and Barsebick-1 was perma-
nently taken out of operation at the end of the
month, without the closure being enforced
by law.

The phasing-out of Barsebidck-2 is, however,
conditional upon its replacement by sufficient
capacity from renewable sources and/or proven
results from electricity conservation. Sweden’s
nuclear capacity in 2015 is forecast by the WEC
Member Committee to total 9 400 MW, from
10 units, implying that the station is indeed taken
out of service in the short/medium term.

Switzerland

There are three PWRs and two BWRs in
operation, with a total net generating capacity
of 3 127 MW,. All five reactors were commis-
sioned between 1969 and 1984. Their output in
2002 accounted for almost 40% of Switzerland’s
total power generation.

In a referendum in May 2003, Swiss voters
rejected a proposal by environmental groups to
phase-out nuclear power in Switzerland. No new



nuclear power stations are planned, while the
existing plants are expected to continue in
operation through 2015.

Taiwan, China

There are six reactors in service at three
locations (Chinshan, Kuosheng and Maanshan),
with an aggregate net generating capacity of
4 884 MW,; the four BWRs and two PWRs
were all brought online between 1977 and 1985.
In 2002 nuclear plants provided just over 20% of
Taiwan’s electricity generation.

Two more BWRs, with a total net capacity of
2 700 MW,, are under construction at a fourth
location (Lungmen). Owing to the intense
political controversy generated by this project,
its progress and eventual completion are subject
to considerable uncertainty.

Ukraine

At end-2002 there were 13 nuclear reactors
(with a total net generating capacity of
11 207 MW,) in service at four sites: they had
come into operation between 1980 and 1995.
Nuclear plants accounted for nearly 46% of
Ukraine’s power output in 2002.

Four 925 MW. RBMK reactors were
installed at Chernobyl between 1977 and 1983.
In April 1986 the last unit to be completed,
Chernobyl-4, was destroyed in the world’s worst
nuclear accident. Chernobyl-2 was closed down
in 1991, Chernobyl-1 in 1996 and Chernobyl-3
in December 2000.

The European Bank for Reconstruction
and Development has granted a loan to Ukraine
to finance the completion of two 950 MW,
nuclear reactors (Khmelnitski-2 and Rovno-4
(also known as K2R4)) to replace the electricity
output lost as a result of the shutdown of
Chernobyl-3. Two further WWERs (Khmel-
nitski-3 and -4) are also currently under
construction.
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United Kingdom

The UK had 31 nuclear reactor units in
service at the end of 2002, with an aggregate net
generating capacity of 12 486 MW.. In 2002,
nuclear power accounted for 22% of net
electricity generation. No new plants are under
construction, on order or planned.

The Government’s main energy policy
objective is to ensure secure, diverse and
sustainable supplies of energy at competitive
prices. Nuclear power is playing an important
role in meeting that objective. The Government
believes that existing nuclear power stations
should continue to contribute both to electricity
supply and to the reduction of emissions, as
long as they can do so to the high safety and
environmental standards which are currently
observed.

The ‘Energy White Paper—Our Energy
Future—creating a low carbon economy’ pub-
lished by the Department of Trade and Industry
in February 2003 states that ‘Nuclear power is
currently an important source of carbon-free
electricity. However, its current economics
make it an unattractive option for new, carbon-
free generating capacity and there are also
important issues of nuclear waste to be resolved.
These issues include our legacy waste and
continued waste arising from other sources.
This white paper does not contain specific
proposals for building new nuclear power
stations. However, we do not rule out the
possibility that at some time in the future new
nuclear build might be necessary if we are to
meet our carbon targets. Before any decision to
proceed with the building of new nuclear power
stations, there will need to be the fullest public
consultation and the publication of a further
white paper setting out our proposals.” (page 12,
paragraph 1.24)

United States of America

At the end of 2002, there were 104 nuclear
reactor units connected to the grid, with
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an aggregate net generating capacity of
98 564 MW, (equival