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EXECUTIVE SUMMARY

When discussing the future availability of fossileegy resources, conventional knowledge
has it that globally there is an abundance of oehich allows for increasing coal
consumption far into the future. This is eitherarlpd as being a good thing as coal can be a
possible substitute for the declining crude oil aatural gas supplies or it is seen as a horror
scenario leading to catastrophic consequenceshtomwbrld’s climate. But the discussion
rarely focuses on the premise: how much coal isetreally?

This paper attempts to give a comprehensive viewlobal coal resources and past and
current coal production based on a critical analgéiavailable statistics. This analysis is then
used to provide an outlook on the possible coaflpebon in the coming decades. The result
of the analysis is that there is probably much tesd left to be burnt than most people think.

Data are of poor quality

The first and foremost conclusion from this invgation is that data quality of coal reserves
and resources is poor, both on global and natitavals. But there is no objective way to
determine how reliable the available data actuaiéy

The timeline analyses of data given here suggest ¢m a global level the statistics
overestimate the reserves and the resources. Igldhal sum both reserves and resources
have been downgraded over the past two decadssina cases drastically.

The most dramatic example of unexplained changedsita is the downgrading of the proven
German hard coal reserves by 99 percent (!) frornilidn tons to 0.183 billion tons in 2004.
The responsible German administratioid not publish any explanation, and thus the
downgrading went unnoticed in spite of the inteaspublic debate of the future of coal
production in Germany. The World Energy Councilebyi notes in its "2004 Survey of
Energy Resources": “Earlier assessments of Gerrmahreserves (e.g. end-1996 and end-
1999) contained large amounts of speculative ressuwhich are no longer taken into
account”. Thus, large reserves formerly seenpas/en have been reassessed as being
speculative

Also the German lignite reserves have been dowegradastically, which is remarkable as
Germany is the largest lignite producer world-wide.

Poland has downgraded its hard coal reserves bpebs€ent compared to 1997 and has
downgraded its lignite and subbituminous coal resem two steps to zero since 1997.

! Bundesanstalt fir Geowissenschaften und Roh<BEdR)
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For some countries such as Vietnam proven resdraes not been updated for up to 40
years. The data for China were last updated in 1@92pite of the fact that about 20 percent
of their then stated reserves have been produoed tien, and another 1-2 percent has been
consumed in uncontrolled coal fires.

Even though the quality of reserve data is pooramalysis based on these data is deemed
meaningful. According to past experience, it isyvbkely that the available statistics are
biased on the high side and therefore projecticased on these data will give an upper
boundary of the possible future development.

Only reservedata are of practical relevance, nodésourcedata

The logic of distinguishing betweereserves which are defined as being proved and
recoverable, andesources which include additional discovered and undiscegieinferred/
assumed/ speculative quantities, is that over pneeluction and exploration activities allow
to reclassify some of the resources into reseriteshould be noted that resources are
regarded as quantities in situ, 50 percent of wilaitimost can eventually be recovered. In
practice, such a reclassification has only occumetivo cases over the past two decades: in
India and Australia.

Indian hard coal reserves have been upgraded mwerftom 12.6 Mt in 1987 to 90 Mt in
2005. Australian hard coal reserves have been dpdr&iom 29 Mt in 1987 to 38.6 Mt in
2005. All other countries have individually downdea their hard coal reserves by a
combined 35 percent over the same period. In thkadlsum, hard coal reserves have been
downgraded by 15 percent. Adding all coal qualifiesn anthracite to lignite reveals the
same general picture of global downgradings. Theauative coal production over this
period is small compared to the overall downgrading is thus no explanation for it.

For global resource assessments, the trend is evane severe: World coal resource
assessments have been downgraded continuoushi88fhto 2005 by an overall 50 percent.

Thus in practice, resources have never been ré@assto reserves over the past more than
two decades despite increasing coal prices.

Six countries dominate coal globally

85 percent of global coal reserves are concentrataik countries (in descending order of
reserves): USA, Russia, India, China, Australial South Africa. The USA alone holds 30%
of all reserves and is the second largest prodiZieina is by far the largest producer but
possesses only half the reserves of the USA. Torerethe outlook for coal production in
these two countries will dominate the future oftglbcoal production (see below).
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Largest coal producers in descending order arenaCHWSA (half of Chinese production),
Australia (less than half of US production), Indgguth Africa, and Russia. These countries
account for over 80 percent of global coal prodarcti

Coal consumption mainly takes place in the couatrgrigin. Only 15 percent of production
is exported, 85 percent of produced coal is consutioenestically.

Largest net coal exporters in descending order Atestralia, Indonesia (40 percent of
Australian export), South Africa, Colombia, Chirand Russia. These countries account for
85 percent of all exports with Australia providialgnost 40 percent of all exports.

Largest 2 largest 3% largest 4" largest
Reserves 2005 USA Russia India China
120 Btoe 69 Btoe 61 Btoe 59 Btoe
Production 2005 China USA Australia India
1,108 Mtoe/a 576 Mtoe/a 202 Mtoe/a 200 Mtoe/a
net Export 2005 Australia Indonesia South Africa Colombia
150 Mtoe/a 60 Mtoe/a 47 Mtoe/a 36 Mtoe/a

Fastest reserve depletion in China, USA beyond ppesduction

The fastest reserves depletion worldwide is takilage in China with 1.9 percent of reserves
produced annually.

The USA, being the second largest producer, alr@adged peak production of high quality
coal in 1990 in the Appalachian and the lllinoisiba Production of subbituminous coal in
Wyoming more than compensated for this declineerms ofvolumeand — according to its
stated reserves — this trend can continue for andit to 15 years. However, due to the lower
energy content of subbituminous coal, US coal ptodo in terms oenergyalready peaked

5 years ago - it is unclear whether this trendlmameversed. Also specific productivity per
miner has been declining since about 2000.

About 60 percent of US reserves are located intlinee states of lllinois, Wyoming and
Montana. lllinois and Montana show no signs of exjmag their production which has
remained at low levels or even declined for twoadkss. There are a number of possible
reasons for this: low quality coal, political oppims because of competing land use and
environmental issues, overestimated coal resereesuse of poor geological data or a
weaker definition of “proven”.
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Global coal production to peak around 2025 at 30rgent above present
production in the best case

Based on the assessment that reserve data makelneatman upper limit for practical relevant
coal quantities to be produced in the future, potida profiles have been developed.

The following figure provides a summary of past &maire world coal production in energy
terms based on a detailed country-by-country arsaly$is analysis reveals that global coal
production may still increase over the next 10%oy&ars by about 30 percent, mainly driven
by Australia, China, the Former Soviet Union coiastr(Russia, Ukraine, Kazakhstan) and
South Africa. Production will then reach a platesud will eventually decline thereafter. The
possible production growth until about 2020 acawgdio this analysis is in line with the two
demand scenarios of the International Energy Ag€leA) in the 2006 edition of th&/orld
Energy Outlook However, the projected development beyond 202thig compatible with
the IEA alternative policy scenarim which coal production is constrained by climptdicy
measures while thi=A reference scenariassumes further increasing coal consumption (and
production) until at least 2030. According to ouabysis, this will not be possible due to
limited reserves.

Worldwide possible coal production

M toe
5000
/WEO 2006: Reference scenario
4000
_____ 6. Alternative policy scenario
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2000
1000 - e
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Again, it needs to be emphasized that this praeaatepresents an upper limit of future coal
production according to the authors' best estinfalienate policy or other restrictions have
not been taken into account.

Conclusion and recommendation

Global coal reserve data are of poor quality, méns to be biased towards the high side.
Production profile projections suggest the globaélp of coal production to occur around
2025 at 30 percent above current production irbdst case.

There should be a wide discussion on this subgaatihg to better data in order to provide a
reliable and transparent basis for long term desssiregarding the future structure of our
energy system. Also the repercussions for the tdinmodels on global warming are an
important issue.

Page 8 of 47



Coal EWG-Paper No. 1/07

COAL RESERVES ANDSUPPLY

Reserves and Resources

Classification ofeservesaccording to the scheme of téorld Energy Council (WEC)

Proved amount in placeis the resource remaining in known deposits tlaat heen
carefully measured and assessed as exploitabler yjrdsent and expected local
economic conditions with existing available tecloyyl.

Proved recoverable reservesire the tonnage within the proved amount in ptaeé
can be recovered in the future under present apdoted local economic conditions
with existing available technology.

Classification ofesourcesaccording to the scheme of téorld Energy Council (WEC)

Estimated additional amount in place is the indicated and inferred tonnage
additional to the proved amount in place that iSaveseeable interest. It includes
estimates of amounts that could exist in unexplesgdnsions of known deposits or in
undiscovered deposits in known coal-bearing areaswell as amounts inferred
through knowledge of favourable geological condisioSpeculative amounts are not
included.

Estimated additional reserves recoverableis the tonnage within the estimated
additional amount in place that geological and eegiing information indicates with
reasonable certainty might be recovered in theréutu

Thelnternational Energy Agency (IEAut also BP Statistics and most others use the ter

Proved reservewhich is equivalent to proved recoverable resasedefined by
WEC.

The USEnergy Information Agency (ElAses the following nomenclature:

Demonstrated reserve basecovers publicly available data on coal mapped to
measured and indicated degrees of accuracy andl faurdepths and in coalbed
thicknesses considered technologically minablaatitme of determinations.

Estimated recoverable reservethis category corresponds to the proved recoverabl
reserves according to WEC and to proved reservesrdiog to BP statistics) cover
the coal in the demonstrated reserve base condideceverable after excluding the
coal estimated to be unavailable due to land usteicgons or currently economically
unattractive for mining, and after applying assumeaing recovery rates.
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Recoverable reserves at producing mineepresent the quantity of coal that can be
recovered (i.e. mined) from existing coal resetaeporting mines.

Other national geological agencies use differefindens, e.g. Germany’'Bundesanstalt fur
Geowissenschaften und Rohstoffe (BG#®s the terms

ReservesThese are equivalent to proved recoverable resenesding to WEC

Resources:These include discovered but not yet economicalbdpcible amounts
and undiscovered but estimated accumulations df bé includes the resources as
defined by WEC, but includes also any other possibll deposits.

In the BP Statistical Review of World Energyoved reserves are published together with
production data. Each year a new edition is pubtistvith a listing of “proved reserves at
year end”, the latest in June 2006 with data ferehd of the year 2005 (BP 2006). However,
the BP report just reproduces the data which alteated by the World Energy Council. The
WEC collects these data from time to time frormismber countries. The latest WESQrvey

of Energy Resourcesas published in 2004 with data as of the enchefyiear 2002 (WEC
2004). Therefore the published “proved reserveyear end 2005” in th&P Statistical
Review of World Energgre in reality those which were reported for thary2002.

Different classes of coal are also reflected in dtagistics. Each coal class has a different
range of energy content. Most common is the foltaglassification (IEA 2007):

Anthracite: 30 MJ/kg
Bituminous coal: 18.8-29.3 MJ/Kkg
Subbituminous coal: 8.3-25 MJ/kg
Lignite: 5.5-14.3 MJ/kg

A closer look at the historical reserve assessmexs®s doubts regarding the quality of
reserve assessments:

For instance the reported proved reserves of Qiana not changed since 1992,
those of some other countries not even since 1965.

Proved recoverable reserves (as reported by the MEEGther countries — e.g.
Botswana, Germany and the UK — have been downgraekdthe last years by
more than 90%. Even the reserves of Poland aress®éder now than 20 years ago.
This downgrading cannot be explained by volumeslyced in this period. The
revisions are probably due to better data.
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Since 1987 the proved recoverable reserves (asteeipoy WEC) of India were
continuously revised upward from about 21 billiong to more than 90 billion tons
in 2002. However, India is the only country wittcelhuge upward revisions.

According to the latest assessment by the WEC potaded recoverable world
reserves at the end of 2002 mount up to 479 bitbhois of bituminous coal and
anthracite, 272 billion tons of subbituminous caadl 158 billion tons of lignite.

The history of reserve revisions and adjustmengmaysed in more detail in Annex C-1. The
conclusion drawn is that the data quality is vesgmpand the reported data cannot be regarded
as a realistic assessment of “proved recoveralalereserves”.

Normally it is argued that reserves are part ofrsources. Over time and with coal prices
increasing more and more resources will be condem¢o recoverable reserves. This

suggests the analogy to an iceberg of which ondytil is visible whereas 90% are under

water. However, as detailed in Annex 1, the presewt past practice of reserve reporting
does not support that view. Many countries havereassessed their reserves for a long time,
and if so, revisions have been mostly downwardesstof upward, contrary to what should

be expected.

The estimated resource base should be regarded fiasl dimit for the amount which
ultimately can be recovered. But in addition to tencerns raised above, the historical
assessment of global resources has also reveabsdastial downgradings over the last
decades. The following figure shows that estimatedl resources have declined from 10
billion tons coal equivalent (~8300 Mtoe) to abdub billion tons coal equivalent (~3750
Mtoe), a decline of 55% within the last 25 yearsor&bver, this downgrading of estimated
coal resources shows a trend supported by eaclasssgsment. Therefore it is possible that
resource estimates will be further reduced in ftu®One could interpret that better
understanding and improved information have led wontinuous downgrading. In figure 1
the discrepancy of data for Europe and Asia for31i8due to the fact that the former Soviet
Union was attributed to Europe in 1993 and to Asiall the other years.
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Figure 1: Reported resource assessments by the BGR sin@& TBe physical tons of
coal are converted into btce (billion tons of ceguivalent) for reasons of
comparison. For comparison, 1 btce = 833 Mtoe.

History of Assessment of world coal resources

b tce
12000

1 ton lignite = 0,4 tce
1ton hard coal =0,8 tce

South America

Africa

Europe

1976 1980 1988 1993 1997 2001 2005 Year

Source:  BGR, 1995/1998/2002/2006
Analysis: LBST 2006

Production

Even though the above discussed reserve data caysee concern with regard to data
quality, the most recent reported reserves are tasasglsess future coal production (for lack of
better data). It is very unlikely that recoverat#serves eventually turn out to be higher than
reported. The reasons for this assessment ard@s<o

As shown above, the resources have been downssaledal times since 1980. The
most recent reassessment resulted in coal resouhiels are 55% less than in 1976.

Reserve data have often remained unchanged for yearg. When updated this has
resulted in downward revisions instead of upwakdsrens in most cases.

If these reserve data turn out to be too optimetso the derived production profiles will be
too optimistic. Nonetheless, this is the startiogipfor further considerations.

The following figure shows the coal reserves fag thain countries. Reserves of hard coal
and lignite are converted into energy units by mseafnthe rough conversion factors as used
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in BP Statistics: 1 ton of oil equivalent (toe) mmponds to 1.5 tons of hard coal (anthracite
and bituminous coal) and to 3 tons of subbituminmed and lignite.

Six countries own about 90% of the world’s coakrgss. Therefore, future world production
is determined by the production profiles of theseintries: USA, Russia, India, China,
Australia and South Africa.

The figure also shows the coal production in 200%e six countries with the largest reserve
base are also the largest coal producers. Howthesr,ranking differs. China — which is only
number four in reported reserves — is by far tipepmducer, almost twice as big as the USA
which has twice as much reported reserves. Chipéetds its reserves at an annual rate of
almost 2%. Therefore, at the present productiog, r@hina’s reserves will be depleted in
about 50 years, if its resources will not turn gpreserves. But a conversion of resources to
reserves has not been observed in the past forsaf@@oyears (for more details see Annex 1
and 2). Besides the special role of China and tbhdyztion of the “big six”, also Germany
and Indonesia merit some attention as they deplete reserves at an even faster rate.
Germany is the world’s largest lignite producerhnat share of about 20 percent of the world
production.
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Coal
Figure 2: Distribution of world coal reserves and annual micithn
Coal reserves and production
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Source: BP Statistical Review of World Energy 2006
Analysis LBST 2006

Future coal production profiles are estimated Ibynfy the reported proved reserves to the
present and historical production pattern. In An2ethe estimate for China is discussed in
more detail. Provided present trends continue aredtd the huge coal depletion rate of China
and its absolute dominance of the world-wide préiduc(being the largest producer by a
factor of two), the eventual peak of Chinese caadpction will determine the peak of the

world-wide coal production.

Second to China, the United States of America lagenext important producer, surpassing
the production volume of the next important produstates (India and Australia) almost by a
factor of three. The reported proved reserves walltdv production for more than 200 years
at the present level. However, probably not alls¢heeserves will be converted into
production volumes, as most of them are of low italith high sulfur content or have other
restrictions. Early signs in the USA for possitdstrictions of future coal production can be

concluded from the facts, that

(1) The productivity of mines in terms of producezhs per miner was steadily
increasing until 2000, but has declined since thed,that

(2) The bituminous coal production had already pdakround 1990 and is in decline
now.
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(3) An indication of imminent problems with futuoeal production is that the USA
has recently switched from a net exporting to aimgtorting country of steam coal
(Kalavov 2007).

Though total production volumes are still incregsoiue to the expanding production of
subbituminous coal in Wyoming, coal production émms of energy had already peaked in
1998 at 598 Mtoe compared to 576 Mtoe in 2005 (BE62. Based on future coal production
profiles by the USGS, it is very likely that coabguction in the Appalachean region and in
the lllinois basin has already peaked and will mecin future. Therefore it is probable that a
sizeable fraction of the reported reserves will enelde converted into actual production
volumes. A detailed state by state analysis foliB& is shown in Annex 3.

Comparable analyses have been made for each codnbgll shaped curve is fitted to the
historical production data and to the availablevptb reserve for each country. These
production profiles do not take account of possit@strictions such as coal quality with
respect to pollutants and policy restrictions daegteenhouse warming. They represent a
future scenario not restricted by political measure

The results are summed up for each region anddon eoal class. Germany and Canada
provide illustrative examples which are also déxatiin more detail in Annex 4 and Annex
5. The coal production in both countries shows sighdepletion (e.g. a decreasing coal to
waste ratio).

The production data of the different regions armloimed to arrive at the world production
data in the following figures for bituminous andbiiuminous coal and separately for lignite.
The first figure (figure 3) provides a summary fmtuminous and subbituminous coal. The
lower quality subbituminous coal is always paini@@ darker colour in order to demonstrate
the different coal qualities.

According to this analysis it is very likely thabbal coal production will peak around 2020
at a production rate being about 30% higher thgoregent. However, it must be noted that
the quality of coal will continuously decline.

The analysis shows that the strongly rising pradacof China will have a substantial
influence on the peak of world coal production. ©rhina cannot increase its production
any more global coal production will peak. But atke future production of the USA will
have a substantial influence on the absolute dipeak production volumes. Other important
coal regions are OECD Pacific (Australia), SouthaA$ndia), FSU (Russia, Kazakhstan and
Ukraine), and, to a smaller extent, Africa (Southia®). Australia and Russia have a large
share of subbituminous coal and lignite which i$ suatable for export. But nevertheless in
Australia the absolute amount of coal with hightlmepvalue is still large which makes it by
far the largest coal exporter. The following tali$ts the largest coal producing, consuming
and exporting countries.
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Table 1: The world’s largest coal producing and consumiogntries in 2005 according
to BP Statistical Review of World Energy and thes#t export/import balance
(BP 2006)
Country Production Consumption| Net Export/
Import
Mtoe Mtoe Mtoe

China 1,108 1,082 26
USA 576 575 1
Australia 202 52 150
India 200 213 -13
South Africa 139 92 47
Russia 137 117 20
Indonesia 83 23 60
Poland 69 57 12
Germany 53 82 -29
Kazakhstan 44 27 17
Ukraine 41 37 4
Colombia 38 2 36
Canada 34 32 2
Total 2,683 2,334

(Share of world coal (93%) (80%)
production/consumption)

The decline rates of future production are reduogdhe production of the Former Soviet

Union countries in line with their reported subbiinous coal reserves - yet it is by no means
certain that their reported reserves will evergtare into corresponding production volumes.
Some doubts regarding the data quality of the cesdrve data for the former Soviet Union

countries remain as the last update was carriednoi®98. Therefore, it is probably more

realistic to expect the decline after peak to betr than shown in figure 3.
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Figure 3: World production of hard coal (bituminous andbisituminous) disaggregated
into the 10 world regions.

Worldwide possible hard coal production
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Figure 4 shows the world production of lignite. Texilitate comparison the same scale is
used as in figure 3. However, the heating valudigiite is much lower than that of
bituminous and even lower than that of subbitumscoal. Lignite is predominantly used for
domestic heating and power production purposesisandt transported over large distances
because of its low energy content.
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Figure 4: World production of lignite (bituminous and suhimitinous) in the 10 world
regions.

Worldwide possible lignite coal production
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These projected production profiles are based @orted "proved" recoverable reserves
(WEC), except for the USA. In the case of the USAearlier production forecast by the
USGS is used as a guide. For more details see Alinex

The final figure 5 combines the regional contribn8 to global hard coal and lignite

production and converts them into energy terms.tik®rconversion the following factors are

used: 1toe bituminous coal = 1.5t bituminous d¢&alr China, South Asia and Russia the
relation "1 toe = 1.6 t" is used); 1 toe subbitumnis coal = 2 tons subbituminous coal, and
1 toe lignite = 3 t lignite.

The figure includes the two scenario calculationsifthe World Energy Outlook 2006 of the
IEA, the “reference scenario” and the “alternajpaticy scenario”.
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Figure 5: World coal production in the equivalent of a neiflitons of oil as calculated in
this study based on proved recoverable reserves.
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This analysis leads to some important conclusions:

The production profile of the world’s largest preduy, China, determines the peak of
global coal production.

The production profiles of China, South Asia ane Bormer Soviet Union countries are
based on resource data of probably low quality.

Apart from the world production profile, regionaloguction profiles are also important.
In a world of shrinking supplies of oil (and lagas), coal will attract increasing attention
again. It can be assumed that regional oil andsgpply gaps will first be closed by using
domestic alternatives, probably even by producinglsf from coal. This will have
significant consequences for the availability oblcon the world market (because of
reduced amounts available for export). This is evene the case for lignite which is not
transported over long distances due to its lowggneontent.

The WEO 2006 scenarios (“reference scenario” aftdrfative policy scenario”) by the
IEA are compatible with this supply scenario urgbout 2020. After that only the
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demand of the “alternative policy scenario” willgstbly be met as supply will flatten
whereas demand in the “reference scenario” willoemet due to supply restrictions.
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Annex

Annex 1: History of Reporting and Reassessing afdCReserves

The analysis of historical reserve assessmentsda®vemarkable insight which casts doubt
on the quality of these assessments. The followwwtgfigures show the changes of “proved”
coal reserves between 1987 and 2005 (BP 2006).

Figure A-1 covers bituminous coal and anthracitbjlevfigure A-2 covers subbituminous
coal and lignite. This distinction is important base to some degree it reflects the different
coal qualities. Anthracite is an almost hydrogesefcoal with the highest energy content of
about 30 MJ/kg. Bituminous coal contains small antsuof hydrogen and water which
reduces its energy content to between 18.8-29.RgMBwer heating value). Subbituminous
coal has a still lower heating value of 8.3-25 MJdkd lignite of 5.5-14.3 MJ/kg. Therefore
1 kg of anthracite has the same energy content-ak@ of lignite. Usually anthracite and
bituminous coal are classified as hard coal whilgbg#uminous coal and lignite are known as
brown coal. However, these definitions sometimesrlap and the energy content of the
specified coal is not always apparent and can wathin a broad range.

The first figure shows the data for the largestdpaers China, USA, Former Soviet Union
(which since 1998 has been split into the RusseateFation, Ukraine and Kazakhstan), South
Africa, Germany, Poland, India and Australia. Thesantries cover more than 95% of the
world’s hard coal reserves (anthracite and bitum&o Only India and Australia show
increases of proved coal reserves in this periolll. ofher countries report significant
reductions of their proved reserves.

The reported reserves of China have been unchasiged 1992 without any reasons given.
The comments in the WEC-Survey on China are :s‘ihteresting to note that the end-2002
reserves figures reported for China are the sana aad-1999”, and “The level of proved
recoverable reserves (as at the end of 1990), natlgi provided by the Chinese WEC
Member Committee for the 1992 Survey, have beeained for each successive edition” and
further “It is interesting to note that the samgufe (114.5 billion tons) for total proved
reserves was quoted at thé"ession of the UN Committee on Sustainable En@egyeva,
November 2001), in the context of an estimate o8 B8ion tonnes for China’s coal
resources. This reference, in a paper co-authoye@rbfessor Huang Shengchu, a vice-
president of the China Coal Information Instituiledicates a degree of continuity in the
official assessments of China’s coal reserves apgats the retention of the level originally
advised by the Chinese WEC Member Committee in 1991

This reasoning by the authors of the World Energuriil Survey is strange. It ignores the
fact that between 1992 and 2005 about 18 billios tof coal was produced in China which
should have reduced the original proved reservardigpf 62.2 billion tons by almost 30%.
Before 1992 the Chinese bituminous coal reservee weported with 152.8 billion tons in
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1990 and with 156.4 billion tons in 1987 (accordiogolder editions of the BP Statistical
Review of World Energy). An even older assessménh® WEC in 1980 stated 99 billion
tons as “proved” reserve. Therefore, Chinese ax#@rves have been downgraded twice since
1987, before the data remained unchanged after. 1@&2tical arguments hold for the lignite
and subbituminous reserves.

The “proved” reserves for the USA and Canada wigatt/ revised between the last WEC
reports but at present are exactly identical withriumbers given in 1998 for the USA and in
1986 for Canada.

Figure A-1: History of reserve assessments for hard coal

History of ,proved” hard coal reserve assessments
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Source BP Statistical Review of World Energy 2006/ WEC 2004

Though not important at the global level, the aeslerves of Vietham and Afghanistan have
never been changed since 1965. For Vietham 150f [dtowed recoverable reserves (200 Mt
of reserves in place) are stated despite a pramucti about 15 Mt/yr. Proved reserves of
Afghanistan are stated at 66 Mt. These reservepratmbly underestimated, but more recent
reserve estimates are not available.
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Figure A-2: History of reserve assessments for lignite and isutninous coal

History of ,proved” lignite&subbituminous reserve assessments
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More significant are the huge downgradings of “@atreserves for a number of African and
European countries as will be detailed below.

For Botswanahe WEC 1980 reported proved reserves in placé lflion tons of which
3.5 billions tons were classified as proved recablkr reserves and 100 billion tons were
classified as estimated additional resource. InieC 2004 Survey the proved recoverable
reserves were reduced to 40 million tons (a dowdiggaof 99%), while the amount in place
was reduced by 50% to 3.34 billion tons. The cumiudaproduction between these two
reports is in the order of several million tons ahdrefore cannot be the reason for this
downgrading.

Swasilandsaw a downgrading of almost 90% from 1.82 billioms in the 1980 report to
0.208 billion tons in WEC 2004.

The proved recoverable coal reserves of the Undiaddom were reported at 45 billion tons
with estimated additional resources of 145 billtons in WEC 1980. In the following years
the “proved” recoverable reserves were downgra@edral times: to 9 billion tons in 1987,
to 8.6 billion tons in 1990, to 3.3 billion tons 1992, to 2 billion tons in 1995, to 1 billion
tons in 1998, and finally to 0.22 billion tons inetlatest report in 2004. Accordingly the
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reported “proved” recoverable reserves have beemngaded by 97% within the last 20
years. Cumulative production in this period amodriteapprox. 1.8 billion tons.

The “proved” recoverable hard coal reserves (bihows + anthracite) for Germarwere
reported with 23.9 billion tons (and 44 billion ®fin place”) with an additional estimated
resource of 186.3 billion tons in WEC 1980. In tateports these reserves were restated with
minimal modifications. It was only in the latest WWEeport in 2004 that these “proved”
recoverable reserves were downgraded from 23 billons in the previous edition to
183 million tons. The latest country report by B@R sees the proved hard coal reserves at
161 million tons at the end of 2005. The WEC-repbds some comments on this
downgrading: “The new numbers comply with the reocmndations of the UN-ECE, within
the context of the definitions specified by the SE&hd “Earlier assessments of German coal
reserves (e.g. end-1996 and end-1999) containg@ lamounts of speculative resources
which are no longer taken into account”. Germanra@oal reserves were downgraded by
85% from 43 billion tons in WEC 2002 to 6.556 M@hi tons in WEC 2004. Cumulative
production since 1980 amounted to approx. 1.50piltons.

Similar downgradings are reported for Polambich had “proved recoverable reserves” of
27 billion tons according to WEC 1980. After thacoverable reserves increased slightly
until 1997 to 28 billion tons. However, since thewoverable reserves were downgraded to
14 billion tons in the latest WEC 2004 report.

Also the recoverable reserves of the United Statégnericahave been downgraded several
times: bituminous coal from 132 billion tons in 79® 111 billion tons in 1998 which is still
the reported reserve figure in the WEC 2004 reportontrast, the lignite and subbituminous
reserves had been slightly revised upward fromHifian tons in 1987 to 135 billion tons in
2004.

On the other hand, also significant upgradings @iv@d recoverable reserves have been
reported, especially for Indiand Australia,e.g. the “proved recoverable bituminous coal
reserves” of India increased from 12.61 billiongdplus additional resources of 91.1 billion

tons) in WEC 1980 to 90 billion tons in WEC 2004.

The observed reserve revisions are by no meangnsgst. Only_South Africareports
continuously shrinking reserves which are roughliine with cumulative production.

The overall conclusion is that the data quality ingeneral is very poor and the reported
data cannot be regarded as a realistic assessmetproved recoverable coal reserves”.
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Table A-1: History of bituminous and anthracite reserve assens$s as published in
former editions of the BP statistical review of Vdoenergy. These
statistics are based on assessments of the Woeld)¥:&ouncil (WEC).

Year USA China India FSU Australia | S. Africa | Germany| Poland UK
Mt Mt Mt Mt Mt Mt Mt Mt Mt

1987| 131,971| 156,400| 12,610| 108,800 29,138 58,404 23,919| 28,300/ 9,000
1988 | 131,971| 156,400 12,610| 108,800 29,138 58,404 23,919| 28,300| 9,000
1989| 131,971| 156,400| 12,610| 108,800 29,138 58,404 23,919| 28,300/ 9,000
1990 | 129,543| 152,831| 60,098| 102,496 44,893 54,811 23,698| 28,182| 8,602
1991| 129,543| 152,831 60,098| 102,496 44,893 54,811 23,698| 28,182| 8,602
1992 | 112,668| 62,200f 60,648| 104,000 45,340 55,333 23,919| 29,600| 3,300
1993| 112,668 62,200| 60,648| 104,000 45,340 55,333 23,919 29,600 3,300
1994 | 106,495| 62,200 68,047 104,000 45,340 55,333 23,919 29,100| 2,000
1995| 106,495 62,200| 68,047| 104,000 45,340 55,333 24,000| 29,100 2,000
1996 | 106,495| 62,200 68,047 104,000 45,340 55,333 24,000| 29,100| 2,000
1997| 106,495 62,200| 68,047| 104,000 45,340 55,333 24,000| 29,100 2,000
1998 | 111,338| 62,200, 72,733| 96,476 47,300 55,333 24,000| 12,113| 1,000
1999| 111,338 62,200| 72,733| 96,476 47,300 55,333 24,000( 12,113| 1,000
2000| 111,338| 62,200f 72,733| 96,476 47,300 55,333 24,000| 12,113| 1,000
2001 | 115,891 62,200| 82,396 96,362 42,550 49,520 23,000| 20,300 1,000
2002| 115,891 62,200| 82,396| 96,362 42,550 49,520 23,000| 20,300| 1,000
2003 | 115,891 62,200| 82,396 96,362 42,550 49,520 23,000| 20,300 1,000
2004 | 111,338, 62,200f 90,085| 93,513 38,600 48,750 183 | 14,000 220
2005| 111,338| 62,200| 90,085 93,513 38,600 48,750 183 | 14,000 220

The FSU (Former Soviet Union) countries include $faysKazakhstan and Ukraine.
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Table A-2:  History of subbituminous and lignite reserve assesgs as published in
former editions of the BP statistical review of Vdoenergy. These
statistics are based on assessments of the Woeld)¥:&ouncil (WEC).
Year USA China FSU Australia | Germany | Poland UK Indonesia
Mt Mt Mt Mt Mt Mt Mt Mt
1987 131,872| 13,600/ 135,900 45,300 35,150| 14,400 500 2,000
1988 131,872| 13,600/ 135,900/ 45,300 35,150 14,400 500 2,000
1989 131,872| 13,600/ 135,900 45,300 35,150| 14,400 500 2,000
1990 130,752| 13,292| 136,520| 45,461 54,964| 11,487 500 2,000
1991 130,752| 13,292 136,520| 45,461 54,964| 11,487 500 2,000
1992 127,892| 52,300/ 137,000( 52,300 56,150 11,600 500 31,101
1993 127,892| 52,300/ 137,000 45,600 56,150 11,600 500 31,101
1994 106,495 52,300/ 137,000/ 45,600 56,150 13,000 500 31,101
1995 134,063| 52,300/ 137,000 45,600 43,300 13,000 500 31,101
1996 134,063| 52,300/ 137,000/ 45,600 43,300 13,000 500 31,101
1997 134,063| 52,300/ 137,000 45,600 43,300 13,000 500 31,101
1998 135,305/ 52,300/ 128,890| 43,100 43,000 2,196 500 4,450
1999 135,303| 52,300/ 128,890| 43,100 43,000 2,196 500 4,450
2000 135,305/ 52,300/ 128,890| 43,100 43,000 2,196 500 4,450
2001 134,103| 52,300/ 128,801|  39,540| 43,000 1,860 500 4,580
2002 134,103| 52,300/ 128,801| 39,540 43,000/ 1,860 500 4,580
2003 134,103| 52,300/ 128,801| 39,540 43,000 1,860 500 4,580
2004 135,305/ 52,300/ 128,929| 39,900 6,556 0 0 4,228
2005 135,305| 52,300/ 128,929| 39,900 6,556 0 0 4,228

The FSU (Former Soviet Union) countries include $fisKazakhstan and Ukraine. Germany

includes the former German Democratic Republidtta after 1989.
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Annex 2: China

China's reported coal reserves are 62.2 billiors tohbituminous coal, 33.7 billion tons of
subbituminous coal and 18.6 billion tons of ligniBubtracting the produced quantities since
1992 (the latest data update) results in remaimgggrves of about 44 billion tons of
bituminous coal, 33.7 billion tons of subbituminaeal and 17.8 billion tons of lignite.

A possible future production profile is projectéehr projection a logistic growth concept is
assumed which is fitted to the available coal re=er

This scenario demonstrates that the high growtsrat the last few years must decrease over
the next few years and that China will reach maxmproduction within the next 5-15 years,
probably around 2015. The already produced questiii about 35 billion tons will rise to
113 billion tons (+ 11 billion tons of lignite) uh050 and finally end at about 120 billion
tons (+ 19 billion tons of lignite) around 2100.€Tkteep rise in production of the past few
years must be followed by a steep decline afte0202

Even if lignite production — which at present ceveabout 5% of the production — is
expanded, lignite reserves are far too small telaasignificant influence on total production.
The possible profile of lignite production is shosgparately in the figure.
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Figure A-3: Coal Production in China — scenario based on ptessarve estimates
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One should also note that projected produced duemtf coal will show a steadily declining
energy content which for lignite is only about ¥hajh quality bituminous coal.

This scenario is based on presently reported reskgures, but backdated to the latest
assessment. It has not yet taken care of uncaedralbal fires which according to satellite
image based estimates additionally consume betwe#0% of the regular coal production
(ITC 2007). But a much larger fraction of unburnamhl might be distorted through these
fires.

The conclusions derived from these calculationgtzat

either the reported coal reserves are highly uadskdiand much larger in reality than
reported

or the Chinese coal production will reach its peaky soon and start to decline
rapidly.

Taking into account that (1) reserves have not gbdnfor many years, and (2) earlier
reassessments resulted in downward reserve and regenrce revisions rather than in
upward revisions, and also that (3) effects of dmak have not been subtracted from coal
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reserve estimates, one should not be surpriséeé jpeéak of China’s coal production is not far
away.

At present there are many plans to extend Chinaslgpcoduction for the production of liquid
fuels. The plans suggest an additional coal consompf up to several 100 million tons per
year to supply coal-to-liquids plants. It seemg the will push production rates to its limits
very quickly.
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Annex 3: USA

The country with the largest reported coal reseivdise United States of America. However,
as already discussed above, these reserves wereegised downward several times in the
past. Nevertheless, the present R/P-ratio allowsctintinuation of present production rates
for more than 200 years.

First it has to be noted that the current provesgmee figures as stated in the BP statistics —
which correspond to the WEC definition of provedaeerable reserve — are identical with
the estimated recoverable reserve according to Hlde EIA definition seems to be
somewhat weaker than the BP and WEC definitionse ke observe that the same values
have mysteriously changed from estimated to pro@em.understanding is that only the EIA
definition of “recoverable reserves at producing@si’ can be regarded as “proved reserves”,
whereas the EIA category “estimated recoverablerves” in analogy to the definitions used
for mineral oil would not be regarded as “provedem@es” but as “proved + probable
reserves”.

A more detailed analysis reveals that in the US&Adfa of high quality coal is nearing its end
and the efforts to produce the coal are steadidyessing. The following figure A-4 shows
coal production rates since 1950, distinguishingtwben anthracite, bituminous,
subbituminous and lignite. Anthracite productiors baen steadily declining since 1950, from
5.5 million tons in 1950 to 1.5 million tons in ZA@ituminous coal production has also been
declining since about 1990. But total coal productnas still been rising by about 20 million
tons per year since 1960. This increase seemsviflatened out somewhat since 1998 but
is still rising reaching its maximum in 2005.

Since 1970 lower quality subbituminous and low giyalignite have been contributing with
rising volumes. The growing share of lower qualdyal is the reason why total coal
production in terms of energy content peaked in8189598.4 Mtoe and has since declined to
576.2 Mtoe in 2005 in spite of the continuous msproduced volumes (BP 2006).
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Figure A-4. Coal production in the USA (Source EIA)
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Ffigure A-5 also demonstrates this aspect of degircoal quality (in terms of energy
content) for several other countries. Although dlverall data quality might be rather poor,
general trends are obvious for the USA (probablthwiighest data quality), Brazil and
Poland. Australia is the only investigated countfyere the coal quality is still increasing.
The slight decline of German coal quality, intetagoby an increase during the 1990s, is a
result of the German reunification in 1990 whenlqmaduction in the eastern states was
restructured and inefficient coal mines were closed

The observed steady decline of coal quality istdude steadily rising share of lower quality
coal shifting from anthracite and bituminous tolsithominous and to lignite.
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Figure A-5: Heating value of produced coal in USA, AustralRaland, Brazil and
Germany (Source: EIA 2006)
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The declining coal quality is not only due to aashg shift towards subbituminous and lignite.
Also within each class, the quality is declining.

Another aspect is the productivity of the US caadustry in terms of produced tons per
miner. Until the year 2000, productivity steadilycreased for all types of coal produced
covering surface and subsurface mining. But sihem fproductivity has declined by about
10% (see the figure below). The decline in proditgtican only be explained by the

necessity of rising efforts in production. This migoe due to deeper digging and/or to a
higher level of waste production. Are these alreautications for the era of "easy coal"

drawing to a close?
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Figure A-6: Coal mining productivity (Source: EIA 2006)
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The rising effort for coal mining has also beere®kd in rising coal prices since about the
year 2000 but the price rise certainly also hagrotiAuses. These price rises are summarised
in the following table.

Table A-3:  Coal spot prices for various coal qualities ia thS. (Source EIA 2006)

Northern Central lllinois Powder | Uinta Basin
Appalachian| Appalachian Basin River Basin

Spot prices 2000 20-21 $/st 20-22 $/st 19-20 $/st  4-5 $/st 12-18 $/

\*2)

Spot prices 2001 20-25 $/st 22-33 $/st 20-26 $/st  5-6 $/st 13-18 $/:

\°24

Spot prices 2002 23-25 $/st 26-32 $/st 23-26 $/st  6-7 $/st 14-18 $/

\*2)

Spot prices 2003 25-33 $/st 32-38 $/st 25-26 $/st  6-7 $/st 18-20 $/

\°24

Spot prices 2004 33-63 $/st 38-66 $/st 26-35 $/st  6-7 $/st 20-30 $/:

\*2)

Spot prices 2005 44-63 $/st 58-65 $/st 35-40 $/st  6-17 $/st 30-37 $/

Spot prices 2006 38-45 $/st 47-64 $/st 36-38 $/st  10-15 $/st 36438 $

Page 33 of 47



Coal EWG-Paper No. 1/07

Based on the reported proved reserves (BP defwigofuture production scenario can be
built. This scenario is shown in the following frguA-7. The reported reserves of bituminous
coal are large enough to allow for growing productvolumes for the next 80-90 years,
followed by a decline phase lasting another 100syea

Figure A-7: Production forecast based on proved reserve (BiRiief), proved
recoverable reserves (WEC-definition) and estimatedverable reserve
(EIA-definition)
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In the above figure anthracite production is ortipwn since 1950 because prior data were
not available.

However, this scenario does not adequately retlieet aspects discussed above. Even if
volumetric production rates can be increased byab0% until 2070-2080 before decline
sets in, the corresponding energy production witkeéase only by about 45-50% due to the
increased share of subbituminous coal and lignite.

A look at coal production data for the USA on aioeg! level helps to gain more insight. It
turns out that the vast coal reserves are condedtia only a few federal states, some of
which belong to the largest producers, but othersia. The scenario based on reserve data
sketched above implies that federal states withehr@pl reserves on paper but modest or
already declining production over the last 10-2@rgewould have to shoulder the largest
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production increases in the coming decades. ltery likely that in these cases either the
reserve estimates are highly exaggerated or sonee mgasons prevented the growth of their
coal production. For instance high sulfur conteetg( in lllinois) or content of other
pollutants, or high extraction costs could be soea

The following figure A-8 shows the ranking of thexleral states regarding their coal reserves.
These reserve data are provided according to the @&assification scheme which
distinguishes between recoverable reserves at pimglumines, estimated recoverable
reserves and demonstrated reserve base.

One should note the big differences in the valoegife three reserve categories. About 60%
of the remaining estimated recoverable coal reseave concentrated in three federal states.
Only one state, Wyoming, is a high volume produsepresent. Wyoming produces about

90% of subbituminous coal and also showed the sag@wth rates. Its reserves would allow

for a further growth within the next 20 to 30 years

Figure A-8: Ranking of US federal states according to theal ceserves and production
volumes in 2005
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However, the other two federal states with largeoueces, Montana and lllinois, show
declining or almost constant production rates ay Vew levels in relation to their reported
estimated resource base. The reserves containitegidns from recoverable reserves at
producing coal mines and estimated additional ree resources. The first category has a
very high probability of being produced, while tbstimated additional recoverable coal has a
lower probability of being produced. Both categsritogether constitute the “proved
recoverable reserves” as reported by the WEC.

The following figure A-9 shows how coal productiaould develop if only the recoverable
reserves at producing mines were used (left figued if all estimated additional recoverable
reserves were produced (right figure) according bell shaped profile. In the first case, coal
production would decline rapidly. Therefore, anyufe increase of US coal production
requires huge investments into new mines, espgdialMontana and Illinois. A realistic
production profile will have to be somewhere betwéee two extremes outlined here. In this
context it should be noted that the USA has swidhem being a net exporter to being a net
importer of steam coal (Kalavov 2007).

Figure A-9: US coal production if only recoverable reservesnates are producible (left)
and if all reported estimated recoverable researesproducible (right). The
real profile will be somewhere between these twioegnes.
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With about 2-2.5 short tons per miner Alabama’sl gwaduction has by far the lowest
productivity. This compares for instance with tf&sBort tons per miner in Wyoming which
might be the main reason for the huge productiomvtr in Wyoming over the last 20 years.
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Figure A-10: Productivity in short tons per miner for some fedistates
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Other federal states with low production ratestietato their reported reserves and resources
are lllinois, Ohio, West Kentucky and Montana. dtvery likely that their production will
further decline continuing the trend of the lasty2@rs. The production in lllinois has steadily
declined by 50% and in West Kentucky by 40% overldst 20 years and it seems unlikely
that these trends will reverse.

Also the production of Montana will probably dedior at best grow only slightly — over the
last 20 years it has more or less remained at drd0rKt/yr. This would be in line with the
small reserves at producing mines. But why arehilnge estimated recoverable reserves in
non-producing areas not used? Possible reasonasafellows. Open pit coal mining in
Montana is already causing severe environmentaldns:. The subbituminous coal is of poor
quality because of its high sodium content. Mingagises severe contamination of soils and
groundwater. Only 2% of the exististing mines h&een reclaimed as yet. Therefore the
approval of new mines is politically very controsi@t (no new surface mines have been
approved in the last 20 years) and is in directflmrwith farming interests (the Montana
economy relies heavily on cattle farming) and emwinental goals. In the decade between
1978 and 1988 more than 40 new surface mines wsymwed. But since then no further
permit for a surface mine has been given. Thedashits for new underground mines were
given in 2003, 1994 and 1979. However, undergrommkes are considerably smaller than
surface mines (EIA 1998-2006), (Montana 1998).

There is also the problem of finding customersdaignificant increase in coal production.
Either the coal would have to be transported owgrg ldistances to the urban centers in the
east of the US (and also existing power stationsldvbave to be adapted to the poor coal
quality) or electricity would have to be generalechlly and then transported to the locations
of demand. In both cases huge and expensive neasinictures (either railways or local
power stations in combination with long distanceveplines) would have to be built. It is not
obvious how this is going to happen any time sdorather reason for the small contribution
of Montana might be the low productivity compareithwwVyoming.
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However, these federal states with a low relatiradpction own by far the largest reported
reserves.

It is not probable that the huge reserves in Mamt#hnois, Western Kentucky and Ohio will
be converted into production. This results in aufetproduction profile as shown in the
following figure A-11. In this figure the producharofiles for the Appalachian region states
and the lllinois basin are based on productiondases by the USGS in 2000 based on 1995
data (in fact this forecast for these regions c®weost of the bituminous coal production in
the US).

The left part of the figure is based on this USG#&naate for the Appalachian states and the
lllinois basin (yellow area). The USGS forecastizated no further production increases for
bituminous coal. In addition, this 10-year old foaet turns out to have been too optimistic by
about 20% in 2005. In addition to the USGS forexabte reserve estimate with recoverable
reserves at producing mines for Montana is addegbriihg is also included in the figure.
The future production profile is chosen in compti@anwith past production trends and a
possible production growth taking account of thitnested resources.

The right part of the figure corrects the USGS dast in line with actual data. The other
assumptions remain unchanged.

Figure A-11: LBST forecast of future US coal production baeadJSGS forecast of
bituminous coal production
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Historical data: EIA 2006 & USGS 2006 , Reserves: EIA 2006 Historical data: EIA 2006& USGS 2006, Reserves: EIA 2006
FFFFFFFF USGS 2000 (Appelachian and lllinois Basin) & LBST 2006 Forecast LBST 2006

To summarize the analysis: Three federal statesiwtdha, Illinois, and Wyoming) own more

than 60% of the US coal reserves. Over the laste2lds two of these three states (Montana
and lllinois) have been producing at remarkably I@wvels in relation to their reported

reserves. Moreover, the production in Montana leasamned constant for the last 10 years
and the production in lllinois has steadily dedlingy 50% since 1986. This casts severe
doubts on the significance of their reported resgnEven if these estimated recoverable
reserves (according to EIA) or proved reservesa@icg to BP) do exist, there must be other

Page 38 of 47



Coal EWG-Paper No. 1/07

reasons which have prevented their extractionlliois the reason might be the high sulphur
content of the coal. The possible reasons relatnlylontana have been discussed above.
Therefore it is very uncertain whether these resemvill ever be converted into produced
volumes. Considering the insights of the regionalgsis it is very likely that bituminous
coal production in the US has already peaked, battotal (volumetric) coal production will
peak between 2020 and 2030. The possible growdiritee at peak measured in energy terms
will be lower, only about 20% above today’s level.
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Annex 4: Canada

The reported proved recoverable reserves of CamaddEC 2004 are identical to those
already reported in 1986 by the Canadian Geologitaley (CGS). In the period between
1992 and 2000 there were upward revisions whicle mot been upheld in the latest report.
This leaves some room for speculations about thksiee of reserves. The following figure
A-12 shows production volumes between 1960 and 26@&m this profile it seems that

production had already peaked in 1997, despitdatiethat reserves of 3.47 billion tons of
bituminous coal, 0.87 billion tons of subbituminocsal and 2.2 billion tons of lignite are

reported. This peak can be solely attributed to tleelining production volumes of

bituminous coal in Alberta which fell by more th@0% within 6 years. The production of
subbituminous coal in Alberta increased until 1885has remained constant since then.

Figure A-12: Production history

Coal production in Canada | - history

Mt/year

Reserves (Mt) prod 2004 (Mt/yr) R/P SaSkatCheWan - Ilgnlte
80 | Alberta (bit) 1040 2 520
Alberta (sub) 871 25 35
BC (bit) 1996 27 74
BC (lignite) 566 0 100+
70 =1 Nova Scotia (bit) 415 0 100+
Saskatchewan 1670 11,5 145
(lignite)

20

10
Alberta - bituminous

0 I I I I
1960 1980 2000

Year

BC -bituminous

Alberta - subbituminous

Data: Natural Resources Canada 2006

However, the reported reserve data do not indishtenking reserves. In Alberta
bituminous coal has still an R/P-ratio of more tB&09 years, while subbituminous coal
has a 25 year range.

The two following scenario calculations project faéure production profile based on
two alternative assumptions:
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(1) Reported reserves are adjusted to 1986 (tke riéporting of the reserve data by
CGS) — “low” case.

(2) Reported reserves are valid for the end ofythar 2005 (as reported in BP 2006) —
“high” case.

In the “low” case, production already peaked in8.94 the "high" case, production can
still grow slightly with a peak around 2030 — 208wt due to the lower energy content
of lignite, this peak would not translate into @sponding increases of available
energy.

If this analysis is correct, then the next few gesinould show further limitations for
future coal production in contrast to other obsesweho foresee growing coal reserves
and growing production for Alberta. But based omrent data - because of their poor
quality - this question cannot be answered at ptese

Figure A-13: Production forecast “low” and “high”

Canada Coal Production if ,proven” reserves are real
Coal production in Canada — Il forecast

Mtlyear Mt/year
90 90
80 80
70 70 Saskatchewan
- lignite
60 1 60 -
50 1 50 1
40 1 0 1 BC -bituminous
301 201
207 20 7 Alberta - subbituminous
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— 10
Alberta - bituminous
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Annex 5: Germany

Coal production in Germany has a long traditionteAthe Second World War coal was the
energy basis for the economic revival of GermangalCproduction was mainly linked to
electricity production and to steel production whiwas the basis for the rise of the car
industry which again was the backbone of economowth. Hard coal production after WW
Il started at about 40 million tons per year, bravg quickly during the middle of the 1950s.
Peak production was reached in 1958 at 150 mitibmis which thereafter was followed by a
steady decline. In 2005 hard coal production wasiradt 25 million tons. The high costs of
hard coal production in Germany, Italy, France tiedBenelux countries were the reason for
the first initiative to create a protected marké&hwm Europe. These efforts culminated in the
European Coal and Steel Community (ECSC) foundel®b2 which formed the nucleus of
the later European Union.

The rising costs of European coal production comgbarith cheaper imported coal from
overseas are often seen as the cause for the @leflthe European (and especially German)
hard coal production. But even with the supportsabsidies German coal production
continued to decline at an almost constant rate.

The "proved recoverable coal reserves" were stasedeing 23 billion tons for many years
before 2004, when the WEC 2004 report reclassifi®&o of these proved reserves as
speculative and downgraded proved reserves to 188mtons. In line with this
downgrading, the most recent data published byGeeman BGR at the end of 2005 state
proved reserves of 161 million tons. These downgpladeserves roughly fit the future
production profile sketched in the following figuiel4.

The dramatic downgrading of German hard coal reseimas not been explained and there has
been no public debate of this fact. This is sunpgisagain especially against the background
of the recent debate in Germany regarding the déutir hard coal mining. One of the
proposed political options was to continue productat a minimal level in order to uphold
the option for a future revival of coal mining &quired. But looking at the reserve base, this
option does not make sense.
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Figure A-14: Hard coal production in Germany and theoreticatied for extrapolation

Mio tiyr Hard coal production in Germany
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Source: Statistik der Kohlenwirtschaft 1988 & 2006

Another indication that the supply base is shrigkimdependent of the question of subsidies)
is the fact that the waste production per ton @&l dw@s increased substantially over the last
few years: from 1.02 ton waste per ton hard co&001 to 1.206 t waste per t hard coal in
2005 (i.e. an annual increase of 4-5%).

The unexplained and far reaching downgradings afm@e hard coal reserves (and also
resources) should be investigated and rediscussedublic because of their political
implications.

Germany has vast reserves of lignite. In fact, Ge&ynis the world's largest producer of
lignite, contributing about one third to world ligm production. But similar to hard coal
production, the extraction effort rises continugudthis can be seen best by looking at the
waste production which has steadily increased f@®m3/{ignie IN 1950 to 5.5 M3ffnite IN
2005. A more detailed analysis reveals that tleisdrcan be observed in almost all producing
regions with the only exception of the Rhineland.
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Figure A-15. Waste production increase by 250% since 1950
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Source: Statistik der Kohlenwirtschaft 1988 & 2006

Lignite reserves have also been downgraded inasteféw years from 55 billion tons in 1990
to 43 billion tons in 2002 and recently to 6.6ibitl tons in WEC 2004.

The development of German coal production since51i84shown in the following figure.
Data between 1945 and 1950 are correct for hard lool estimated for lignite since
production data for Eastern Germany were not availéor this period. Around 1990 the
Eastern German coal production was restructureds fEsulted in a substantial decline of
total production. Since Germany is the largestilggproducer in the world, this decline of
production had a significant influence on the votuof world-wide lignite production. The
future production profile of lignite is compatibhgth the proved recoverable reserves (WEC)
as reported in 2004.
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Figure A-16: German coal production, history and forecast baseproved reserves
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