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Foreword

The global economy has received an enormous
boost in recent years from the rapidly expanding

economies of some emerging countries. More than

half of German exports consist of goods requiring
a significant input of metals and industrial mine-
rals.

This development has again raised the question of
how much longer our commaodity reserves will last,
and the price we will have to pay to satisfy the
future demand for natural resources. One of the
more important tasks for which BGR is responsible
is providing policy makers and industry with advice
on all natural resource supply issues, with the ulti-
mate goal of safeguarding our prosperity.

The German Ministry for Economics and Technolo-
gy used BGR data to present a comprehensive
report as early as July 2005 on the current econo-
mic implications of the natural resource situation,
and to propose recommendations. BGR makes a
major contribution to understanding the many
facets of the commodity markets and commodity
industry relationships by maintaining comprehen-
sive natural resource databases and conducting
detailed market analyses.

The use of domestic sources of minerals and ener-
gy sources is again capturing the attention of poli-
ticians at an international level after many years on
the sidelines. “The continually growing global
population will also be forced in future to make
use of primary resources despite increased efforts
to find substitutes and implement savings”, writes

the German Ministry for Economic Co-operation
and Development: “The availability of natural
resources in adequate quantities and quality, and at
calculable prices, is one of the primary conditions
for the continuation of industrial societies, and
socio-economic further development in developing
countries.”

Developing countries producing natural resources
are just as strongly affected by the changes in glo-
bal commodity markets. Within the framework of
German development co-operation, BGR contri-
butes to the work aimed at turning national geo-
potential into development factors. It recommends,
promotes and encourages the implementation of
processes leading to the closer integration of
resource suppliers and resource users. It is engaged
in the transfer of expertise to strengthen the capa-
cities of developing countries to optimise the
exploitation of their own resources at the same
time as complying with urgent environmental
protection needs.
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BGR’s work in the technical co-operation field is an
integral part of the German government’s obliga-
tions to fight poverty around the world: BGR's
input provides tangible support in areas such as
“good national governance”, “crisis prevention”,
“environmental sustainability” and the setting up
of global “development partnerships”. BGR staff
have worked on assignments to assess the resource
potential (mineral resources, energy resources, soil,
water) in BGR's partner countries. They support the
creation and implementation of legislative frame-
works (mining laws, water framework directives,
natural disaster management regulations). BGR has
also participated in regional development decisions
by setting up “round tables” to bring together
investors and the people affected by projects, and
to improve the participation of the inhabitants in
regional development decision making. It therefore
makes a valuable contribution to establishing legis-
lative frameworks which not only satisfy the econo-
mic interests of the globalised markets, but also
provide a voice for the social needs of societal
stakeholders.

With its research activities, the Federal Institute for
Geosciences and Natural Resources makes a contri-
bution to securing the future commodity supplies
for our country, and therefore participates in the
strategic effort to satisfy future resource demand.
These activities also include the continuous explora-
tion for new deposits of ores and industrial mine-
rals. Success here crucially depends on the proper
interaction of investment, technology, expertise
and the creativity of exploration geologists.

In the face of the considerable rise in commodity
prices, the manganese nodules in the Pacific Ocean
are again moving into the spotlight as they did
back in the 1970s and 80s when they were first
recognised as an important natural resource. At
that time, during the “Cold War"”, new approaches
were sought to reduce our country’s major depen-
dence on imported resources. The manganese
nodules found on the deep ocean floor were
discovered and identified as a new previously
unexploited source of a range of metals including
copper, cobalt and nickel.
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On the basis of the scientific findings elaborated at
the time, and comprehensive data from an archive
acquired from Preussag, BGR has now launched a
new exploration campaign for manganese nodules
in the Pacific. This involved the submission of a
research application to the United Nations Inter-
national Seabed Authority which is responsible pur-
suant to the Law of the Sea Treaty for all issues
concerning exploitation of natural resources out-
side of territorial waters. The German application
was received positively by the UN policy making
committees, and a research agreement between
BGR and the International Seabed Authority was
signed accordingly in Berlin on 19.07.2006.

This assigns Germany a 75.000 km2 maritime
concession for a period of 15 years with exclusive
rights for the exploration of manganese nodules.
The detailed exploration of this area will now be
specifically elaborated and implemented in phases
by BGR.

The rise in prices for energy resources, the Renew-
able Energy Act (EEG) and government subsidies
for renewable energies, are making it increasingly
attractive for industry and local authorities to use
geothermal energy — which benefits from being
continuously available. Depending on the geologi-
cal conditions, geothermal energy can be used to
either provide heat or to generate power. BGR car-
ries out research on suitable geological structures
for geothermal energy plants. The risks to which
potential investors are exposed can be reduced by
carrying out detailed studies on deep underground
geology, improving structural geological models,
and increasing the amount of information available
on the fluids present underground.



BGR intends to construct a demonstration plant
within its own office complex to harness geother-
mal energy and use the heat to centrally heat its
own buildings. The go-ahead for implementing
the demonstration project at the Geozentrum
Hannover was given after the successful conclusion
of the preliminary tests. The project kicked off in
May 2005 and the framework working plan was
approved in December 2005. Preparatory work is
currently being carried out prior to drilling the well.

Germany has signed international treaties (Kyoto
Protocol) and national agreements committing it to
obligatory reductions in the emissions of the green-
house gas CO,. One of the technical fixes for reduc-
ing emissions of CO, from industrial facilities is dis-
posing of the gas underground. BGR participates in
various European research programmes aimed at
maintaining Europe’s leading role in the scientific
research and implementation of underground CO,
sequestration.

A major Tsunami crashed into coasts around the
Indian ocean on 26 December 2004. BGR was
involved in detailed consultancy work with the
governments of the affected countries. This involv-
ed a range of projects concerned with reconstruc-
tion in the regions affected by the disaster. Other
serious natural disasters also occurred during the
same period. This shows that the earth is under-
going continuous — sometimes sudden — change.
We can identify these changes early enough under
favourable conditions to enable the implementati-
on of effective protective measures.

The disastrous earthquake offshore Sumatra has
boosted the interest of the public in the installation
of earthquake alarm and information systems.

I would like to describe two examples below in
which BGR made major contributions:

Example 1:

The Sunda Strait is one of the most important
transport routes in Southeast Asia. It passes close
to some of the most densely populated parts of
Indonesia and is also exposed to considerable seis-
mic and volcanic risks. For these reasons, the Fede-
ral Institute for Geosciences and Natural Resources
began its “Krakatau Monitoring Project” (Krak-
Mon) at the beginning of 2004 to assess and gave
early warnings of volcanic risks in the Sunda Strait.
The scientific urgency of realistically assessing geo-
risks in the region was tragically highlighted by the
serious consequences of the earthquake offshore
Sumatra which generated the deadly Tsunami in
2004, not to mention the continuous activity of the
volcano which forced the Indonesian authorities to
close the volcano to tourists.

As a direct consequence of these events, work is
now being carried out to integrate the KrakMon
system within a Tsunami early warning system
currently being set up in the Indian Ocean. The
intention is to link it in future to proposed global
multi-hazard early warning systems.

Example 2:

Although Germany is not exposed to major seismic
risks, it has been affected by serious damaging
earthquakes in the past. Germany therefore needs
fast, reliable and comprehensive information on
damaging earthquakes as well as smaller earth-
quakes. Information of this kind helps organisations
such as the police, fire brigade and the Interior
Ministry Crisis Centres to rapidly and objectively
assess the situation after an earthquake and to
implement the necessary measures. This also
includes passing on information to worried inhabi-
tants with the aim of calming the situation if an
event is not expected to cause any damage.

To gather and deliver this information, Germany
set up the ALISE system: Alarm and Information
System for Earthquakes in Germany. The system
can be used to rapidly and comprehensively inform
the responsible authorities about the event after an
earthquake in Germany or the surrounding area.
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ALISE consists of three components: a seismometer
grid, evaluation software and a user interface to
visualise the findings. The seismometer grid incor-
porates the digital seismic broadband stations of
the German Regional Seismic Network (GRSN),
other stations such as the GERES array in the Bava-
rian Forest, and some stations in neighbouring
countries. They supply continuous waveform data
which is transmitted to BGR almost in real time, to
guarantee rapid localisation.

The BGR's research activities in polar regions are
tied up in some cases to long-term international
co-operation agreements and treaties. Working
together with the Alfred-Wegener Institute for
Polar and Marine Research (AWI), BGR helps
maintain Germany’s consultative status within the
Antarctic Treaty — and does this by conducting
regular research expeditions in the Antarctic. The
work involved is delegated between AWI and BGR:
BGR being responsible for terrestrial geoscientific
aspects of the Antarctic research. In addition,
numerous geoscientific programmes conducted by
university groups and funded by the German
Research Society as part of its “Antarctic Research”
priority programme, are only possible because of
the support they are given by the BGR logistics
infrastructure.

Following on from the eight previous GANOVEX
expeditions which first started in 1979, GANOVEX
IX took place in the southern summer of 2005/06.
It focussed on geological and geophysical surveys
of the crustal structure and tectonic development
in North Victoria Land, the Ross Sea and the Pen-
nell Coast. The scientific focus of the expedition
was the reconstruction of the early break-up of
Gondwana, the opening of the ocean floor
between Australia and the Antarctic, and the asso-
ciated isolation and climatic development of the
present day continent of Antarctica.
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BGR’s work in the Antarctic makes a major contri-
bution to clarifying the role of the polar regions in
the global changes affecting the earth from the
past and into the future, and their effect on natural
ecosystem services supporting human life.

The foundation committee of the Hans-Joachim-
Martini Foundation managed by the BGR Board of
Trustees only awarded the Hans-Joachim-Martini
Junior Science Prize during the reporting period.
Ms Martina Klingenberg received the Hans-
Joachim-Martini Junior Science Prize in 2005 for
her excellent scientific work on “The Identification
of Wyoming bentonites using the rapid infrared
spectrometry method”.

| hope that we will again be able to award both
prizes in the years to come to successful earth
scientists, with the aim of also highlighting the
importance of the earth sciences overall.

As in previous years, | would like to warmly thank
the members of the BGR Board of Trustees for their
support and advice. | would also like to thank the
German ministries and our domestic and internati-
onal co-operation partners. Most importantly, |
would also like to thank all of the BGR staff for
their friendly and professional co-operation, and
their commitment to the fulfilment of our impor-
tant tasks.

4. bl

Prof. Dr. rer. nat. habil. Alfred Hollerbach
President



Board of Trustees

The German Minister for Economics and Tech-
nology, the former Minister for Economics and
Labour, established a Board of Trustees to provide
the Minister and the BGR President with advice
on all of the important aspects affecting the work
of the BGR. The Board of Trustees is made up of
geoscientific representatives from industry and
commerce, universities and non-university research
organisations.

Chairman of the Board of Trustees

Prof. Dr. K. M. REINICKE

TU Clausthal

Abteilung Erddl/Erdgasgewinnung
und Erdgasversorgung
Clausthal-Zellerfeld

Members

Dr. K. AKER

Director, Espoo Unit
Geological Survey of Finland
Espoo, Finnland

Dr. R. BETHKE
Vorstandsvorsitzender

der K+S Aktiengesellschaft
Kassel

Dr.-Ing. D. BOCKER
Brahl

of the Federal Institute for Geosciences and Natural Resources

Prof. Dr. Dr. h. c. R. EMMERMANN
Management Board Chairman
GeoForschungsZentrum Potsdam (GFZ)
Potsdam

Prof. Dr. P. M. HERZIG

Director Leibniz-Institut

far Meereswissenschaften Kiel (IFM-GEOMAR)
Kiel

Dr. G. KALKOFFEN

Member of the Management Board
ExxonMobil Production Deutschland GmbH
Hannover

Dr. P. KLAUS

Member of the Management Board
Kreditanstalt fur Wiederaufbau
Frankfurt am Main

Prof. Dr. I. KOGEL-KNABNER
Lehrstuhl fir Bodenkunde

der Technischen Universitat Minchen
Freising-Weihenstephan

Prof. Dr.-Ing. K.-U. KOHLER
Management Board Chairman
ThyssenKrupp Steel AG
Duisburg
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Prof. Dr. V. MOSBRUGGER
Chairman

Senckenberg Forschungsinstitut und
Naturmuseum

Frankfurt/M.

Prof. Dr. G. TEUTSCH

Scientific Managing Director
Umweltforschungszentrums (UFZ)
Leipzig-Halle GmbH

Leipzig

Prof. Dr. J. THIEDE

Director Stiftung Alfred-Wegener-Institut
fur Polar- und Meeresforschung
Bremerhaven

Dr. B. THOMAUSKE

Managing Director

Vattenfall Europe Nuclear Power GmbH
Berlin

Dipl.-Ing. B. TONJES
Managment Board Chairman
der Deutschen Steinkohle AG
Herne

P. VOS

Speaker of the Management Board
Basalt-Actien-Gesellschaft
Linz/Rhein

R. ZWITSERLOOT
Managment Board Chairman
der Wintershall AG

Kassel
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Is the availability of crude oil

just a question of
adequate investment?

Crude oil continues to be the most important energy
source worldwide, accounting for 36 % of primary
energy demand. This situation is not expected to
change significantly in the coming decades because no
adequate alternative energy source has yet been
found. But oil prices have risen five-fold since the end
of the 1990s. What does this tell us? Does the price
merely reflect a simple free market equilibrium
between supply and demand? Or are we now — as
suggested by some pundits — already on the down
slope beyond maximum possible global production,
called peak oil?
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The oil prices are undoubtedly indicators of the short-
term availability of this natural resource. But how do
we explain the rise in oil prices in the last 6 years? One
of the crucial factors is the lack of investment in this
sector in the late 1990s due to a low oil price. This
lead to a shortage in adequate reserve production
capacities at the beginning of this decade when the
global economy recovered and boosted the demand
for crude oil. This situation was also exacerbated by
China’s exorbitant hunger for energy. For some time,
the only reserve production capacity on the supply
side was held by Saudi Arabia — the dominant swing



producer — which still had one million barrels of oil per
day up its sleeve — albeit low quality oil. What made
the problem worse in this case was that oil of this type
cannot be processed by every refinery. Moreover, the
refineries in the USA and Europe were already
operating at over 90 % of maximum capacity.

Nevertheless, the current high prices also have a posi-
tive effect on the production side because fields already
producing a relatively high volume of water alongside
the oil can be kept in production profitably instead of
being shut down. This is good news because once an
oilfield is shut down and the infrastructure has been
dismantled, certain oilfields — particularly those off-
shore — will probably never ever see any revival of
production activity.

Another aspect affecting the availability of crude oil

is transport. Because of the uneven distribution of
oilfields around the world — around 70 % of conven-
tional oil reserves are found in the “strategic ellipse”
between the Persian Gulf and NW Siberia — more than
two thirds of local oil production is exported. Qil
within continents is usually transported by pipeline,
whilst transport from continent to continent usually
involves tankers, possibly in combination with pipe-
lines. Tanker transport currently dominates, and prob-
ably accounts for around 75 — 80 %. It does not
require much imagination to deduce from this fact
that the current price volatility in the oil market will
also drive up oil tanker freight rates. The charter prices
for super tankers with lengths of up to 350 metres
and displacements of up to 500.000 t (very large
crude carriers — VLCC), as primarily used on the routes
from the Arabian Gulf to North America and the Far
East, are booming. Because smaller shipping compa-
nies have problems in buying the double-hulled tan-
kers whose use is now mandatory on many oceans
around the world, or even in chartering VLCCs at
today’s prices, the market share of the major shipping
$/b companies has doubled since 1999 and now accounts
80 for over one third of the market. Another factor in the
equation concerns those shipping lane bottle necks at
critical locations such as the Straits of Hormuz and
Malacca, or the passage through the Red Sea — the
Achilles heels of the oil tanker business.
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Oil price development during the last 10 years.
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Notwithstanding all the factors described above, the
most crucial aspect for the availability of crude oil is
the existence of the right geological conditions for oil
generation, migration and accumulation. The key
aspects involved here are:

B Crude oil is only generated in a limited depth range
within the earth’s crust — around 1500 to 3500 m.
Above this depth range the rocks are too cold, dee-
per, the rocks are too hot. This depth interval has
largely been explored in all relevant sedimentary
basins around the world.

B The geological conditions (sedimentary thicknesses)
in around 90 % of all marine regions are inad-
equate for oil generation. Only the continental
margins of the Atlantic Ocean are considered to be
prospective for oil.

B The largest oilfields are found first because — put
simply — it is much easier to find a big field than a
small field.

H The uneven distribution of deposits: only 1 % of all
oilfields contain 75 % of all crude oail.

B An oilfield is a very sensitive system of gas, oil and
water. Only the very fine tuning of production con-
ditions guarantees the highest possible recovery
rates. It therefore makes no sense to produce oil
from a field too quickly.

B The amount of oil actually recovered from an oil-
field (recovery rate) ranges around 35 % world-
wide due to the petrography of the reservoir rock
and the reservoir physics.

B Every year since 1980, more oil has been consumed
than has been found in new fields.

What does all this tell us about future availability?
With the exception of a few regions on deep conti-
nental slopes and circum-arctic zones, no unexpectedly
large discoveries are expected to help maintain oil
supplies around the world. Nevertheless, higher oil
reserves are still being reported year after year. Most
of this is due, however, to technical innovations such
as horizontal wells, or secondary or tertiary production
measures.

This raises the question of whether all of the facts
described above are adequately reflected in the oil
price? There is justification for doubting this: the crude
oil market has been largely characterised since 1990
by the intrinsic dynamics of the market itself affecting
supply, demand, prices and investment. The ever
expanding level of trading on future markets (paper
barrels) fosters speculation and price volatility.

This means that the fundamental trading data —

the actual supply/demand situation for physically
existing oil (wet barrels) — is being pushed more and
more into the background.

Crude oil transport
routes from the
Persian Gulf and NW
Siberia.
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Sediment thicknesses below 2000 m indicate insufficient
oil generation conditions in most marine areas.

The facts reveal that the production or supply graph Is this situation causing us to lose sight of the geologi-
actually runs much more smoothly than the price cal availability of crude oil?
volatility curve. The price of crude oil today is crucially

influenced by a range of different forecasts of future

availability and demand. Differences in the assessment

of geosupply shortages resulting from rising demand

and limited reserves, the effects of terrorism and politi-

cal unrest, as well as expectations regarding new tech-

nologies, are also used as additional input and give

rise to different forecasts on which futures transactions

are based. The fact that the volume of traded oil is

around 100 times the amount of actually physically

existing oil production highlights the importance of

the futures market as a pricing factor.
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Hard coal -
a tolerated evil

or an evergreen energy source?

Next to crude oil, coal is the world’s most important
energy resource. Coal accounted for 28 % of global
primary energy consumption in 2005. 93 % of this
was supplied by hard coal and 7 % by lignite. Total
coal consumption in 2005 was 5 billion t or 26 % of
global energy consumption. The proportion of coal in
world energy consumption has hardly changed since
1980. In absolute terms, however, coal consumption
has risen by around 79 % (1980: 2.8 billion t), with a
rise of 34 % alone since 2001.

Coal has three major advantages compared to oil and
gas:

B Its world-wide distribution is relatively uniform.

B The reserves will last for several hundred years.

W Its price, in terms of energy content, is decoupled
from oil and gas prices.

The current, and in particular, the future importance of
coal for global energy supplies, make a more detailed
look at this resource, its properties and future trends, a
worthwhile exercise.

Coal is divided up technically into steam coal, coking
coal and injection coal, depending on its properties.
Steam coal is purely used for electricity generation.
The crucial property is therefore a high calorific value.
The desirable properties are low sulphur contents and
low proportions of water and ash. Coking coal is large-
ly used for the production of coke (smelting coke),
which is used in the steel industry for the production
of pig iron. Coking coal therefore needs good coking
properties, and must swell up when heated. Injection
coals are low ash and sulphur coals with a high pro-
portion of volatiles which although lacking coking pro-
perties, can be injected into blast furnaces to replace
some of the expensive smelting coke. Injection coals
usually consist of anthracite.

Hard coal reserves

The world consumes large quantities of fossil fuels
every year. Stockpiling is necessary to ensure that
adequate volumes of natural resources are always
available — in the same way as the stocking of private
houses with provisions or the maintenance of invento-
ries by companies. Mining companies therefore safe-
guard their annual production for several decades by
exploring and developing deposits.

cross-border price (Euro/tce)

w== cross-border price for crude oil
s cross-border for natural gas

=== cross-border for steam coals from non-EU-countries

Since 1999, German cross-border

PP PP PP P

S H PP & R PSSO TP i
S o W S S o o O R F @ I F

prices of hard coal have been
decoupled from those of crude oil
and natural gas.
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These developed stocks — the amounts economically
extractable at today’s prices using present day techno-
logy — are referred to as reserves.

Resources are the amounts of discovered coal which
currently are not economically exploitable, as well as
those amounts currently only assumed to be present
but whose existence is probable. Coal resources are
converted into reserves every year due to improve-
ments in the information available on coal deposits,
and the development of new mines or parts of mines.
This conversion of resources into reserves replaces
some of the reserves lost as a result of annual extrac-
tion.

Global hard coal consumption

84 % of hard coal is used in the country in which it is
mined. The regional distribution of consumption has
significantly shifted into Asia since 1980. The strong
rise in the demand for electricity in China and neigh-
bouring countries in particular meant that Asia
accounted for 58 % (2 882 million t) of global coal
consumption in 2005 — and its proportion is still
increasing. China alone accounts for 42 % of global
demand. North America 22 %, Europe 8 % and CIS 6 %.
Africa accounts for almost 4 % of global hard coal
demand (primarily South Africa), whilst Oceania uses
around 2 % and Central and South America approx. 1 %.

Coal is used in three sectors: in power plants for the
generation of electricity, in the heat market (combined
heat and power plants, industry, private households),

and in the steel industry for the production of pig iron.

The global shares applicable to each of the sectors has
shifted strongly since 1980: unlike 1980 when only
36 % of coal was used in power stations, 43 % in the
heating market, and 21 % in the steel industry, the
proportions today have been completely reversed with
70 %, 10 % and 20 % respectively. This means that
almost three quarters of coal production world-wide is
used in power stations generating electricity (mainly
steam coal).

China stands out

With around 7 % of the earth’s surface, PR China is
the fourth largest country in the world. Its population
in 2006 was 1.32 billion — approx. 20 % of the global
population. Behind the USA (22.2 %), PR China was
the second largest consumer of primary energy in
2005. Around 70 % of Chinese primary energy con-
sumption is based on domestic coal. This proportion is
extremely high compared with the global figure of

28 % for 2005, and only 17 % in the EU-25.

Non-conv.

Hard coal is the predominant
geogenic fossil fuel

(ce = coal equivalent, measure for
energy content of fossil fuels.

1 kg ce = 29,308 kJ = 8.14 kWh)

Non-conv, ofl 7.4 %

Conv. natural gas 15.2 %

e Conv, oll 18.1 %
Natural gas 0.2 % Thorium 2.4 %
Uranium 2.1 %

Soft brown coal 5.5 %

Hard coal 49.1 %

Reserves
1,275 Gtce

Non-conv, natural gas 25.6 %

Conv. natural gas 3.5 %
%, Mont-conv. oil 5.5 %

Conv, oll 1.8 %
__--' Thorium 0.5 %
Uranium 2.8 %

Soft brown coal 5.4 %

Hard coal 55.0 %

Resources
6,489 Gtce
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With a total amount of 2 179 million t, PR China con-
sumed around 44 % of global hard coal production in
2005. This represents a major growth since 1981, in
both absolute terms (+ 1 555 million t) and relative
terms (+ 249 %).

With production of 2 225.6 million t, PR China
accounted for around 45 % of global hard coal pro-
duction in 2005. Chinese hard coal production has
risen by around 258 % in the last 25 years, of which
59 % alone since 2002. 95 % of this was produced in
deep mines in 2005.

The rise in Chinese energy consumption will continue
to grow in the near future and will primarily be cover-
ed by coal. Despite a strong increase in domestic coal
production, Chinese hard coal imports rose 12-fold
between 2000 and 2005. Only as recently as June
2006, the International Energy Outlook published by
EIA forecast that PR China would export 88 million t
of hard coal in 2015 and 96 million t in 2030. Chinese
hard coal imports in 2030 are now estimated at 128
million t, which would turn PR China from a net coal
exporter into a net coal importer. However, the devel-
opment in Chinese imports and exports in the last
three years indicates that it will become a net importer
much earlier.

Can coal be used in an environment-
friendly way in future?

Coal suffers from the stigma that it produces relatively
high emissions of greenhouse gases during combusti-
on. However, this resource has real chances of conti-
nuing at full steam in the future if it is possible to
significantly curtail the emissions of greenhouse gases
during coal combustion. The signs of achieving this are
optimistic. By integrating most efficient power plant
technologies, implementing CO, capture technologies
in power stations, and subsequent underground sto-
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rage, this natural resource will provide us with the
time necessary to establish a fossil-free global econo-
my. Successful implementation of the climate protec-
tion targets however require a world-wide implemen-
tation of this technology.

Coal as an oil substitute

In addition to its use in power generation and in the
steel industry, coal can as well be gasified or liquefied
for future use as an alternative transport fuel. This
potential is becoming increasingly important because
the number of cars world-wide is set to more than
double by 2030 to approx. 1.5 billion.

Largely only the preserve of South Africa in the past,
which has a long tradition of coal liquefaction —
converting around 40 million t in 2004 — wide ranging
initiatives have now been launched in China and the
USA in particular. Seven coal liquefaction pilot plants
were built in Germany between 1977 and 1980 after
the first oil crisis. But they were all shut down again by
1985 because they proved uneconomic.

Coal gasification will acquire more importance in the
eyes of the market, in particular when the fuel cells so
often touted in the media will be used in cars on a
mass scale.




Reducing the risks of

geothermal plant operation -

Using CO,-free energy

from the ground economically

Rising energy prices, the Renewable Energy Act, and
grants from the German government made it more
attractive and more secure for investors to spend
money on geothermal heat and energy production in
Germany. Depending on the geological settings and
the temperatures, geothermal energy sources can be
used in different ways. One is the direct use of geo-
thermal water for district heating or for industrial
processes, the second is power generation mostly in
a combined heat and power plant. In spite of the
growth in the renewable energy market, and wide pos-
sibilities, the technique still has to prove its efficiency
to establish itself in the German energy market.

The geological conditions for geothermal heat and
power production in Germany are not as good as in
other countries like Italy or Turkey. In Germany, the
reservoirs are usually located at depths of more then
2000 m, and the produced water is often corrosive.
Both reasons increase the expense of drilling and plant
construction at the beginning of a project. Investors
can be exposed to significant economic risks, which
vary depending on the level of exploration of the geo-
thermal field. Detailed studies on deep geological for-
mations, the structural geology and the thermal water
geochemistry, reduce the risk.

Well head installation of the
Neustadt-Glewe production well.

The geothermal plant in Neustadt-Glewe has operated
for 12 years and demonstrates that district heating
using geothermal heat production can compete with
fossil fuels. The most important economic advantage is
that, in common with all renewable energy sources,
geothermal energy production does not depend on oil
markets. The heat prices are more stable then for
other energy sources. Furthermore, geothermal energy
production does not emit CO, or any other green-
house gases. With emission trading, this aspect makes
the technology more attractive for business.

Operational experience in Germany is limited to low
enthalpy geothermal fields with temperatures of about
100°C or below. A number of plants with much high-
er temperatures are under construction or planned for
the future. There is still only a minor amount of infor-
mation available on the influence of e.g. high gas con-
tent in thermal water and the varying formation water
types in Germany. In Germany, the composition of
thermal water ranges from almost drinking water
quality in the region around Munich, to brines with
extremely high salt concentrations accompanied by
high gas contents in the north or in the Rhine Graben.
Higher amounts of dissolved gas in the produced
water may complicate the operation of a geothermal
plant. Also, the formation of scale and the reliability of
different parts of the plant may influence the
economic performance.

The project “Long Term Reliability of Geothermal
Plants” is run by BGR and co-operation partners from
industry and science. The main topics are the long
term alteration of geothermal reservoirs, the origin of
hydrocarbons in thermal waters, corrosion processes,
and the formation of scale within critical parts of geo-
thermal plants. BGR runs a wide research programme
covering thermal water and reservoir geochemistry,
and dissolved gases and scale formation processes.
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At the Neustadt-Glewe geothermal heat and power
plant, a thermal water bypass was built, enabling
in-situ experiments to be carried out since January
2006. The bypass is designed for material testing and
online gas monitoring.

The formation of scale within piping and equipment is
of particular interest to the industry. Scale and corrosi-
on may cause failures, which give rise to additional
costs. After reconstruction work in Neustadt-Glewe,
scale from different locations was sampled and the
chemical and mineralogical compositions were
analysed.

Composition of the scale

Analysis of the solid samples showed that certain
minerals precipitate at preferred locations within the
plant: lead-bearing deposits were found in uncoated
and rubber-coated steel pipe. Barium and strontium
sulphates occur where the temperatures are lower.
The figure at page 23 shows the wellhead of the pro-
duction well in Neustadt-Glewe, and the figure at this
page shows an SEM micrograph (scanning electron
microscope) of a solid sample taken from a wellhead
installation pipe: cubic lead sulphide crystals are pre-
sent combined with lead needles. Such precipitates
may form thin coatings which do not affect the
operation of the plant. But they can also form thick
scale which significantly reduces the section of the
piping, disrupting the operation of the plant.

Scanning electron micrograph of a solid sample from the
inside of a casing showing cubic lead sulphite crystals and
lead needles.
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The initial results show that the formation of elemen-
tal lead for example seems to depend on the presence
of uncoated steel pipes, because of electrochemical
processes. The sketch in the figure at the top of next
page shows the corrosion of a steel pipe and the
formation of lead scale. This process may lead to
leakages in the piping and the scale can significantly
reduce the pipe section. Corrosion and scale formation
is not only a problem in steel pipes; however, uncoat-
ed steel pipes are quite rare in geothermal systems.
Within coated pipes, scale was also observed,
although the coating should protect the pipe from
corrosion. The precipitation of solids is not a specific
problem of the Neustadt-Glewe plant. The kind of
scale depends on the chemical composition of the
thermal water and the geological setting of the reser-
voir. The reasons for the precipitation of solids are
mostly local changes in water chemistry, e.g. rising pH.

Gas measurements

BGR monitors the gas online at Neustadt-Glewe,
measuring the gas content and the composition of the
dissolved gases in the produced thermal water. Data
on the gas content is important for operating a geo-
thermal plant: the gas has to be kept dissolved in the
water. Free gas may cause the formation of scale, as
well as reducing the performance of the geothermal
plant because the gas phase lowers the heat capacity
of the thermal water.

The produced water in Neustadt-Glewe contains 10 %
dissolved gases, i.e. 11 gasin 10 | water under
atmospheric pressure. The individual components are
77 % CO,, 12 % N,, 10.5 % CH, as well as 0.5 %
C,He. Furthermore, traces of other hydrocarbons,
hydrogen, argon and helium were measured. In additi-
on to the ongoing monitoring at Neustadt-Glewe,
short term measurements are planned for other loca-
tions. The knowledge of the gas content, the thermal
water chemistry and the gas composition will help to
detect the potential for corrosion and scale formation
early on.
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The potential formation of solid deposits within the efficient the technique can be made in the long term.
plant has to be kept as small as possible to prevent Possibly the largest potential for geothermal energy
failures, and to protect the geothermal reservoir. To production is not power production but heat pro-
what extent geothermal energy will contribute to the duction, or a combination of both.

German energy mix in future depends on how

Diagram showing the principle behind
a geothermal power station.
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Joint research projects on CO, storage

Germany has signed the Kyoto Protocol and other
national and international agreements for the reduc-
tion of CO, greenhouse gas emissions. According to
the Deutsches Institut fur Wirtschaftsférderung (DIW),
the aimed reduction targets will not be achieved
without additional reduction efforts.

One of the technical options for the reduction of emis-
sions from technical installations is the underground
storage of CO,. The expensive separation of CO, is
limited to large stationary sources, such as power
plants. The underground storage of CO, for climate
protection purposes is currently only being imple-
mented at a few places around the world.

Many sites are required if CO, storage is to make a
significant contribution to the envisaged storage tar-
gets. Because of the limited practical experience, the
preliminary evaluation of the opportunities and risks of
this mitigation option still involves some uncertainties.
Separation, transport and storage are interlinked. This
chain can only form a viable option if all of these links
are robust technologies per se. The challenge is com-
bining, adapting and optimising existing equipment
and processes. This interdisciplinary task cannot be
solved by engineers and economists alone, but only in
co-operation with geoscientists. Thus, BGR participates
in national and international joint research projects
designed to bridge the gaps in scientific and engineer-
ing knowledge. A comprehensive understanding of
the different aspects of CO, storage is fundamental
for our responsibility to provide objective advice to the
federal government, German industry and the general
public. Some examples of joint research and develop-
ment projects are described in the following to
illustrate BGR's contribution to current research topics.

Natural CO, seep within the
Laacher See, Eifel.
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CO,GeoNet

In its 6th Framework Programme, the European Com-
mission established a new funding instrument: net-
works of excellence. One of these networks, CO,Geo-
Net, is focussed on the various geoscientific aspects of
underground CO, sequestration. This network has
been set up to maintain Europe's leading position in
the research and practical application of CO, storage.

CO,GeoNet was formed in 2004. It has EU funding
for 5 years, but the intention is for the established
network to remain active beyond that period.

The network comprises 13 institutes from 7 European
countries. It could become a European competence
centre that could answer technical questions about
CO, storage. It could contribute to the development
of technical standards, and conduct further joint
research. The competence of the network is strength-
ened through dialogue with national and international
organisations and stakeholders dealing with CO,
storage.

The network has defined six research areas. The net-
work partners contribute according to their compe-
tence, use synergies with external projects, and con-
duct joint research activities. One research and devel-
opment focus of the network is the optimisation of
existing monitoring methods and the testing of new
monitoring techniques at selected test sites. Test sites
on land, in the North Sea and in the Mediterranean
make use of natural CO, seeps for the comparison
and calibration of methods. The investigation of ecolo-
gical impacts in the vicinity of the CO, seeps is investi-
gated to identify indicators for possible CO, leaks.
BGR is involved in experiments in the Gulf of Trieste, in
a Norwegian Fjord, and near Rome.

Further research topics looked at by the Network are:
strategies for the application of numerical tools to
predict the behaviour and expansion of CO, in storage
reservoirs; laboratory experiments for the optimisation

Monitoring buoy for submarine CO, seeps.

of such tools; injection of CO, into depleted reservoirs
to enhance the recovery of hydrocarbons; and the
generation of realistic geological models of complex
underground structures and the internal hetero-
geneities of reservoir rocks.

The computer models for the assessment of reservoir
properties make use of standard oil industry methods.
Their application to CO, storage needs to take additio-
nal processes into account.
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CO,STORE

The EU project CO,STORE builds upon the knowledge
gained in the world’s first climate mitigation CO, stor-
age project in the Norwegian North Sea. This project
explores the feasibility of transferring the offshore
findings to aquifer storage on land and in different
reservoir rocks. Four case studies have been selected
for this purpose, one of them in Germany. BGR's task
is finding a suitable geological structure in a deep saline
aquifer large enough to take up the entire volume of
CO, emitted during the operating life of a large
lignite-fired power plant. This case study considers a
novel type of power plant with CO, separation that is
still under development. The power production of such
a plant should be equivalent to that of modern power
plants such as “Schwarze Pumpe” in Saxony.

The mapping of anticlinal structures in the northeast
of Germany and a first estimate of their storage capa-
city were the first steps in the site identification exer-
cise. Additional criteria such as depth of the structures,
cap rock quality, and data availability were used to
rank the identified structures. Accordingly, a structure
underneath the village of Schweinrich, located in
northern Brandenburg (North of Berlin) was selected
for further site characterisation. Structural maps for
different formations of the reservoir and overburden
were elaborated on the basis of existing well logs and
seismic lines. Petrophysical properties, and the mineral
and chemical composition were determined form core
samples obtained from reservoir and cap rocks.

This site-specific data was provided for the computer
modelling of physical and chemical processes
that could result from interaction with
injected CO,. The simulations were
performed to predict the expansion of CO,
in the reservoir and the chemical alteration of
reservoir and cap rocks during the injection
phase as well as in the long term storage
period. These simulations were carried out
together with partners from the Geological
Surveys of France and The Netherlands.

coal seams

Tatigkeitsbericht BGR 2005/2006

Depleted natural gas reservoirs are regarded as

the best storage options for CO, in Germany. Other
options are provided by deep saline aquifers and
un-minable coal seams.



CASTOR

Soil gas monitoring station.

The CASTOR Project (CO, from Capture to Storage)
comprises 30 partners from European research insti-
tutes, universities and industry. The objective of this
project is the development of innovative technologies
for the capture of CO, produced by industrial com-
bustion processes, and its safe underground storage.
This 4 year project is financed by the EU Commission’s
6th Framework Programme and an industrial
consortium.

One essential part of the project is the selection of stor-
age sites. The public acceptance of the underground
storage of CO, will largely depend on storage safety.
Site selection criteria have to be defined, and cost-
effective monitoring strategies need to be developed.
For this purpose, four natural gas and oil reservoirs
have been selected as test cases. In addition to three
offshore fields, the depleted natural gas field Atzbach-
Schwanenstadt located between Salzburg and Linz in
the Austrian Molasse Basin is also being investigated.
A site selection catalogue will be created based on the
experience gained from these case studies. It will be
available to potential end-users of carbon capture and
storage technologies.

Geological 3D models are being developed for all of

the case study reservoirs. These models describe the

geometry of the reservoirs as well as the physical and
chemical properties of the reservoirs relevant for CO,
storage. Injection tests and geomechanical modelling
are used to investigate the tightness and strength of

the cap rocks. Lab experiments are designed to study
possible geochemical processes that can arise from

CO, inj