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Installing photovoltaic
modules: Faulty com-
ponents of this type are
an entrepreneurial risk for
which the manufacturer
can obtain coverage from
Munich Re.



Dear Reader,

Climate change is not only a cause of
concern for scientists and politicians.
In the coming years, it will also pose
an immense challenge for the indus-
trial sector too, both in terms of the
measures required to adapt to our
changing environment and of the
necessary endeavours to reduce
greenhouse emissions.

Energy policy and economic policy
will play a pivotal role here, for they
must strike the right balance between
security of supply, cost-efficiency
and climate protection, despite a
simultaneously spiralling worldwide
demand for energy which is particu-
larly pronounced in developing mar-
kets. Converting our energy supply
sector to renewable energy sources
and new technologies with low CO,
emissions will be a key issue in the
search for a solution to these conflict-
ing interests.

As the world’s leading reinsurer, we
intend to contribute to the success of
this conversion.

In every field — be it classical renew-
able energy sources such as wind
and water, new means of generating
electricity using solar thermal power
plants or photovoltaics, geothermal
energy or biomass, or even trading in
pollution rights, not to mention such
increasingly important technologies
as those for the carbon capture and
sequestration from coal-fired power
plants —we are keeping an eye on all
developments, can offer risk-transfer
solutions and are close to the market.

With our excellent know-how, we can
assess the risks and offer investors
interested in new power plant tech-
nologies the necessary planning
safety, thus supporting this conver-
sion of our energy supply sector.

We are also ready to meet the future,
for we are in constant contact with
visionary thinkers and companies
seeking to safeguard future energy
supplies on an industrial scale with
the aid of solar thermal power plants
and new electricity distribution net-
works.

This publication presents Munich
Re's contribution to a future energy
supply with reduced CO, emissions.
It is more than just a reprint of the
“Renewable energies” brochure that
originally appeared in 2004. It dem-
onstrates the consistent develop-
ment and improvement of insurance
solutions in the rapidly changing
“energy supply” growth market.

| hope you enjoy reading these inter-
esting articles.

Dr. Torsten Jeworrek
Member of the Board

of Management

Chairman of the Reinsurance
Committee
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Munich Re is keeping a
close eye on developments
in the energy mix of the
future —including not only
water, wind and sun but
also new technologies
such as carbon capture
and sequestration.
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Energy mix of the future:
New risks and opportunities

4 Munich Re newables

Climate change and the
finite supply of fossil fuels
call for along-term conver-
sion of our power supply
systems to renewable forms
of energy.

The long-term conversion of our energy landscape
is a task with many facets: more money is being
invested in renewable energy sources, new tech-
nologies are boosting the efficiency with which
energy is used and alternative fuels are increas-
ingly gaining ground in the automotive sector.
Working towards the objective of a low-carbon
energy supply, ambitious projects have demon-
strated that they are both technically and eco-
nomically feasible. Innovative solutions from
Munich Re help to ensure that all parties can make
use of the dynamically growing future energy
market and minimise the associated risks.

The Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change (IPCC) published
in 2007 has confirmed that the follow-up costs of
climate change will soar and that far-reaching con-
sequences for mankind and the environment must
be expected if we do not immediately and consist-
ently enforce a more effective policy to protect the
climate. According to the IPCC Report, future
energy supplies will play a key part in the efforts to
reduce greenhouse gas emissions. More efficient
production, distribution and use of energy are also
considered vital.

The long-term conversion of the energy landscape
from today’s dependence on finite, climate-dam-
aging fossil fuels to energy sources with few or

no carbon emissions is a matter of paramount
importance if a sustainable, low-CO, supply is to
be secured. In 2006, 79% of our electricity and heat
was still being generated from fossil fuels. Rising






The challenge

Before a plant is ready for commis-
sioning, the various parties in the
project face a variety of challenges
and risks —risks that can erode
reserves, reduce earnings or even
scupper the entire project.

The solution

Munich Re’s experts are able to
appraise the various risks and offer
individual solutions. The performance
insurance thus protects against
unexpected losses in earnings.

Sunny future

Suppliers, project-development companies, operators

of and investors in solar thermal power plants are players
in a fast-growing market. Munich Re offers innovative
insurance solutions that allow them to exploit the market's

Huge parabolic mirrors
dominate the scene at solar
thermal power plants.
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economic potential.

Ambitious projects, up-and-coming firms, high
hopes for the future —the solar thermal sector is
dynamic. Concentrating solar power (CSP) tech-
nology uses the sun’s heat to produce energy. In
contrast to photovoltaic systems, solar thermal
power plants concentrate the sun'’s rays first
before converting the solar energy into electricity.
In standard parabolic trough solar plants, para-
bolic mirrors direct the sun’s rays onto receiver
pipes along the focal line of the collector, heating
the thermal oil in the pipes to several hundred
degrees Celsius. This energy is used to power con-
ventional steam turbines to generate electricity
(Fig. 4).

The key advantage of solar thermal power plants
over photovoltaic systems (which cannot store the
electricity generated) is that they are able to store
thermal energy. This energy is collected during
sunny periods, allowing for electricity generation
during the night or periods with little sun. In this
way, solar thermal power plants serve to cover
basic electric power demand. During periods of
maximum solar radiation, the sun’s energy not
only generates steam but is also used to liquefy
special salts stored in a salt tank. Controlled cool-
ing of these salts during periods of little sunlight
releases energy which can then be used to gener-
ate steam and consequently electricity.



Sunny future

Fig. 4: The components of a solar thermal power plant
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High investment costs, numerous risks and
a great deal of pressure from all sides

For technological reasons, solar thermal power
plants are only economically viable above a cer-
tain size. New projects often attain previously
unrealised dimensions, even though the propor-
tion of familiar and tried-and-tested components
used to generate the energy is very high, thus
pushing planning and construction costs to
several hundred million euros.

On the one hand, business models for solar ther-
mal power plants are based on the local meteoro-
logical conditions and the remuneration for elec-
tricity supplied to the public grid, which is usually
subsidised by the state. On the other hand, they
also depend decisively on the performance and
availability of the technology. To safeguard the
return on their investment, investors also demand
additional bank guarantees to cover the contrac-
tual obligations imposed on them by the customer,
which ties up additional equity.

As a result, the mostly small or medium-sized
project-development companies with limited
financial resources are often compelled to borrow
heavily from a hesitant capital market. The same
applies to everyone involved: failure of a single
link in the chain to fulfil its contractual obligations

A parabolic trough power
plant comprises the solar
field, the thermal storage
and the power block with
turbine and generator.
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can jeopardise the financial success of the entire
project. Delays in starting up can result in loss of
income for both the operator and consequently
also the investors.

Munich Re supports the solar thermal industry
right up to commissioning — and beyond

Before a plant is ready for commissioning, the
various parties in the project face a variety of
challenges and risks —risks that can erode re-
serves, reduce earnings or even scupper the entire
project. Munich Re’s experts are able to appraise
the various risks and offer individual solutions
tailored to all the companies in the value chain:

— Suppliers and component manufacturers: The
insurance needs of suppliers and component
manufacturers vary widely, from CAR and
EAR policies for new manufacturing plants to
property covers and product liability. Finished
components which are being delivered to the
site require marine cover. Loss of profit due to
delayed start-up of the project following transit
losses can also be insured.

Munich Re newables 11



Sunny future

— Contractors, owners and operators: EAR insur-
ance is needed to cover losses incurred on site
during the construction of the power plant, as
well as loss of profits — under a supplementary
ALoP cover (advanced loss of profits) — due to
delays caused by damage or losses during
construction. Third-party liability insurance is
required during construction and operation.

— Project-development companies: Munich Re also
offers products minimising the entrepreneurial
risk of project-development companies and con-
sequently also the risk of a substantial loss of
profits for the investors.

Innovative performance covers to
protect investors

For investors, delay in start-up, reduced technical
performance or unexpectedly low annual solar
radiation can result in a loss of profits not covered
by “classic” insurance.

Operation soon becomes uneconomical if a solar
thermal power plant is unable to generate the
planned electrical output: investors and banks see
flow of payments and debt servicing at risk.
Munich Re has developed an innovative insurance
product for precisely this risk: its performance

12 Munich Re newables

Andasol 1 power plant:
Situated in the middle of
the solar field are the salt
storage and the power
block with turbine and
generator.

insurance is designed to secure the power plant’s
completion or performance parameters, thus
guaranteeing the flow of payments and debt
service. The product transfers some of the plant’s
engineering risk from the banks or investors to
the insurer. The main advantage for the customer
of such a risk transfer is that the cost of borrowed
capital can also be reduced.

In order to be able to offer these special insurance
solutions, Munich Re works closely with all the
parties involved in a project, carefully balancing
the various interests and the need for insurance.

Not oil but electricity from the desert?

In tomorrow’s sustainable energy mix, solar ther-
mal power plants could make a key contribution
as a reliable source of energy. Scientific institutes
specialising in this technology presume that elec-
tricity from solar thermal power plants will be able
to compete with electricity from fossil fuel power
plants in just a few years from now. Considerable
potential for solar thermal power plants exists in
the sun-rich southwestern USA, southern Europe
and northern Sahara. From there, solar thermal
plants could even export electricity to Europe via
submarine cables or by ship in the form of lique-
fied hydrogen.



Sunny future

A strong partner — Munich Re
supports clean, innovative alternatives
to fossil-fuel power plants.

The construction projects involved are immense
and require huge investments, not only for the
power plants themselves, but also for the related
infrastructure. At the same time, such ambitious
projects also need a strong insurance partner —
one with a global presence, such as Munich Re,
whose expertise and solutions will help promote
sunny and profitable times for the industry.

Parabolic-shaped mirrors
direct the rays of the sun
onto the collector at the
focus of the parabola. The
thermal oil in the collector
is heated to a temperature
of several hundred degrees
centigrade.

Contact

Jork Nitschke
jnitschke@munichre.com

Alexander Schroder
aschroeder@munichre.com

Dr. Mathias Hormann
mhoermann@munichre.com
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Sunny future

Harvesting the sun

An interview with Christian Beltle,

CEO of Solar Millennium AG,

on the perspectives of solar thermal power plants.

“We expect these power plants to be

fully competitive within a few years.’

Munich Re: The Andasol power
plants you constructed in Andalusia
are the first European plants to use
parabolic trough technology on a
commercial scale. How do you view
the growth potential of this technol-

ogy?

Christian Beltle: Commercial elec-
tricity production by solar thermal
power plants has enormous growth
potential. Cautious estimates indi-
cate that a total capacity of around
20,000 MW will have been installed
by 2020 - the equivalent of 400 Anda-
sol power plants. In Spain alone,
plants with an overall output of
some 700 MW are currently under
construction or have already been
completed.

Munich Re: Large solar thermal
power plants can slash CO, emis-
sions. What investment costs per
MW of installed capacity must be
expected in the medium to long
term?

14 Munich Re newables
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Christian Beltle: The investment
costs per kilowatt of installed capac-
ity are currently in the order of €6,000
to €7,000 per power plant. However,
these plants cannot be directly com-
pared with other renewable energy
sources, for the costs depend above
all on whether or not the power plant
has an integrated storage system or
a supplementary fuel system. Power
plants with a storage system, such as
the Andasol plants, are more expen-
sive than those without, but they also
produce a great deal more electricity
in the same period of time. The Anda-
sol power plants achieve almost twice
as many operating hours as a solar
thermal power plant without a stor-
age system.

| suggest using the kilowatt-hour as a
reference parameter for the purposes
of comparison. Depending on the
site-specific solar radiation, we are
currently talking about costs of
roughly €0.25/kWh in Spain and
around US$ 0.15/kWh in the south-
western USA. These electricity gen-
erating costs are expected to decline
by 20% to 40% during the next five

to ten years, as market volumes
increase and innovations are
developed.

Munich Re: What basic political con-
ditions need to be created to ensure
that this technology can compete
with conventional power plants?

Christian Beltle: These power plants
are expected to be fully competitive
within a few years, especially in
comparison with fossil-fired peak
and medium-load power plants. To
achieve this objective, i.e. to develop
the markets and simultaneously
improve the technology, the political
framework must be created today.



Sunny future

Among other things, we need to
make investing in solar thermal
power plants an attractive proposi-
tion, for example by using the feed-in
tariff in many European countries,
subsidies from the World Bank and
Global Environment Facility (GEF) or
so-called Investment Tax Credits
(ITC) inthe USA, as well as other
incentives and regulations for avoid-
ing the emission of climate-changing
greenhouse gases. Concrete exam-
ples include trading in emission
allowances or the quota incentive
structure in the United States -
Renewable Portfolio Standards (RPS)
—which require utility companies to
generate a certain percentage of their
energy from renewable sources.
However, we believe that feed-in tar-
iffs bring more benefits than quota
rulings, as they offer greater plan-
ning safety for project development.

Munich Re: What, in particular, are
the technological risks associated
with solar thermal power plants?

Christian Beltle: Solar thermal power
plants present relatively few techno-
logical risks. In the United States,
parabolic trough power plants have
been generating electricity from
solar energy for more than 20 years
without encountering any major
failures or incidents. The figures
available for the nine power plants
currently in operation in California
are convincing and provide a sound
basis on which to assess the risks for
new power plants. The storage tech-
nology based on molten salt which
is used in our Andasol power plants
in southern Spain has already been
used for decades in the electroplat-
ing industry and other sectors of the
chemicals industry, so that extensive
experience is also available here.

Nonetheless, there is still some
scope for optimising the technology,
and also Solar Millennium is concen-
trating on doing so. One of the most
important objectives is to bring down
the costs of the technology. We are
therefore further developing new
generations of solar collectors, as well
as their key components, working
with the respective manufacturers.
Direct evaporation of water in the
absorber tubes is another area for
potential optimisation, as this will
eliminate the need to circulate heat
transfer fluid, permitting higher tem-
peratures. The use of solar thermal
power plants for desalination and
cooling processes is also under
investigation.

Hybrid operation of solar thermal
power plants is yet another important
topic, as it will permit reliable base-
load, i.e. 24-hour, operation. In this
field of research, we are working on
a combination of solar energy and
hydrogen-rich gas which we intend
to produce from regenerative resid-
ual materials. A demonstration
project called “Blue Tower” is being
prepared in order to qualify the
required technology. Moreover, the
commercial viability of solar-chim-
ney power plants is being examined
as an alternative to parabolic trough
power plants.

Munich Re: How can the insurance
sector support such projects?

Christian Beltle: The insurance sector
is a fundamental cornerstone of
Solar Millennium’s work. Real eco-
nomic cooperation can only be real-
ised through an understanding of our
business activities and the correct
assessment of risk linked to a long-
term approach to risk transfer.

Christian Beltle,
CEO of Solar Millennium AG.

Erection projects for solar thermal
power plants involve several points
of common interest: firstly, the cover-
age of traditional risks associated
with the construction and operation
of the plants, and secondly the over-
all financial planning and financing
of power plant projects. Above all, |
see further interesting opportunities
for business in the design of “non-
traditional” insurance products, such
as those covering the power plant
parameters that have to be guaran-
teed when such projects are imple-
mented in collaboration with con-
struction and financing partners.
Moreover, | feel that the renewable
energy sector is notably underrepre-
sented in the portfolio mix of Euro-
pean insurance companies and am
confident that this will yield clear
opportunities in the coming years.
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The challenge

The key production factor for opera-
tors of wind farm projects is the
wind. But the wind speed cannot be
influenced, giving rise to a new type
of entrepreneurial risk.

The solution

Munich Re offers covers that com-
pensate for reduced earnings when-
ever wind turbines cannot produce
enough power due to gales or a lack
of wind.

Wind farms help to reduce
global CO, emissions: the
environment always benefits —
but investors can only reap
the rewards within a specific
wind-speed range.

16 Munich Re newables

Guaranteed earnings,
even in windstill conditions

Renewable energy sources using wind, water and sun are
future technologies destined to reduce our dependency
on conventional energy sources in the long term. They
are now also considered a profitable investment. But

the returns on such projects are susceptible to a very
particular kind of risk — a fact which is often overlooked -
for there is no way of influencing the weather.

The phenomenon is particularly evident in wind
farm projects: forecast earnings can quite literally
be blown away. If the wind speed is too high or
low, the quantity of electricity generated can fall
below the expected value calculated by an expert
for a prolonged period. This leads to a loss of
income which, in some cases, may jeopardise the
repayment of project financing funds. A cover for
this risk can appreciably improve the creditworthi-
ness of an operator. This is because innovative
cover concepts from Munich Re provide planning
security for operators, investors and financers.

At onshore wind farms, the rotors stop turning
when the wind speed drops below around 14 km/h.
At speeds above this level, the higher the wind
speed, the more energy the operators can feed
into the grid. However, the turbines have to be
shut down at very high wind speeds — generally
from around 90 km/h. Otherwise, rotors and other
plant parts could be damaged. Wind conditions
thus dictate the annual income. And depending on
how high or low the wind blows, this can deviate —
sometimes substantially — from the forecast
average values.



Guaranteed earnings, even in windstill conditions

Too much wind, too little wind -
We safeguard our clients’ earnings.

Fig. 5: Fluctuating wind conditions put earnings at risk
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The diagram shows
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Tailored concepts minimise the financial impact

When facing this entrepreneurial risk, the operator
of a wind farm need not have to brave the financial
headwinds all alone. Munich Re offers its custom-
ers a needs-based product against the whims of
nature —the risk of too little or too much wind.

The innovative insurance solutions cover the loss
of income, for instance on an annual basis. If the
average wind speed measured falls below a
specified value — known as the trigger — the policy
indemnifies the equivalent value of the corres-
ponding decrease in electricity generated. The
amount paid out is based on the charges which
the operator could have earned —in Germany, for
example, it would be based on the minimum
charge set forth in the German Renewable Ener-
gies Act (EEG). However, this product is only
suitable for regions in which strong winds are
uncommon and the shutdown of turbines is
therefore regarded as a rare occurrence.

In response to this situation, Munich Re is working
closely with its customers to develop more sophis-
ticated solutions, too — adapted to the level of
detail of the available data, the individual situation
and the attitude to risk-taking of each wind farm
operator. By these means, needs-oriented cover
can be tailored to the potential output, for
example: based on the average wind conditions
measured daily compared with the planned

Sept. Oct. Nov. Dec.

energy output. To this end, the potential electricity
output is calculated for each day, applying the
production function specific to the plant. This
production function indicates how much electricity
can ideally be generated, depending on the pre-
vailing wind speed. If, on an annual average, the
sum of the potential electricity output figures on
individual days falls below the planned level, the
insurance covers the difference —i.e. the value of
the amount of energy not produced.

Operators and investors alike benefit from Munich
Re’s solutions: their annual turnovers are safe-

guarded against the risks of wild winds or balmy
breezes.

Contact

Ralf Hungerbiihler
rhungerbuehler@munichre.com
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Guaranteed earnings, even in windstill conditions

Wind power plants with

innovative insurance cover always
generate sufficient return.

Fig. 6: Schematic diagram of production function

Potential electricity output
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The higher the wind speed, the more electricity the wind

farm can produce. However, the production function also
shows that once the optimum wind speed has been
reached, more electricity cannot be generated even at

A

higher speeds. The wind turbine operates at maximum

capacity and the production output remains constant. At

winds speeds of more than about 90 km/h, the turbines

must be shut down.

Risks before
commissioning

Contact

Susanne GroB3

sugross@munichre.com
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Wind speed

Turbine shut down
(at approx. 90 km/h)

Even during the installation phase of
a wind farm, there are numerous
risks which can jeopardise the eco-
nomic success of the project. These
include the classical property and
financial loss risks associated with
installation, for which a large range
of established insurance products
are available.

At the same time, investors or pur-
chasers frequently require insurance
against risks due to non-fulfilment or
poor fulfilment of performances war-
ranted by the manufacturer, so as to
ensure completion of the project as
contractually agreed. In many cases,
the required collateral cannot be pro-
vided by the manufacturers them-
selves, who commonly lack the nec-
essary capital. It is hence frequently
obtained through banking or insur-
ance products, such as bonds,
guarantees and indemnities.

The many types of security
demanded by the customer even
when inviting bids for a wind power
project can include the following
bonds, for example:

— Bid bonds to cover a manufactur-
er's funding capabilities during the
bidding and planning phase

— Completion bonds to cover com-
pletion of the project

— Performance bonds to cover the
plant’s contractually warranted
technical capabilities

Munich Re offers tailor-made insur-
ance and reinsurance solutions here
as an alternative to the classical
banking products.



The challenge The solution

Safety has to be ensured during the Close cooperation with the offshore
transportation and installation warranty surveyors brings about

of offshore wind farms in rough seas. more safety and minimises losses.

Offshore wind farms:
A secure foot in the sea

For owners, investors, banks and insurers of offshore
wind farms, the construction phase can be a trying time.
With its know-how and risk-commensurate coverage con-
cept, Munich Re contributes considerably to minimising
losses.

The general public and political circles are pinning
their hopes on offshore wind technology. As the
energy yield of offshore wind farms is roughly 40%
higher than on land, many countries are banking
on having a large share of offshore wind power in
their mix of renewable energy sources. In Europe
alone, the number of wind farms planned for the
North and Baltic Seas is substantial. The European
Wind Energy Association (EWEA) expects offshore
wind farms with a total installed capacity of 40 GW
(the equivalent of roughly 50 coal-fired power
plants) to be in operation in Europe by 2020. This
poses a major challenge for all the industries
involved.

It takes roughly a three-year construction phase
fraught with technical and logistical difficulties
before a wind farm is ready to prove that it can
function long term in a challenging environment.
The various components of offshore plants, such
as nacelles, rotor blades, tower segments and

In future, the energy gener- piles that anchor it to the seabed, are all produced
ated by offshore wind farms on land before being transported to their final loca-
will contribute a significant tion at sea by special ships and installed on site by
share to the energy mix. huge cranes. Utmost care and attention are called
forin this phase, for instance when loading the parts
(loadout) and securing them on board the ships for
transport to the installation site (seafastening).
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Offshore wind farms: A secure foot in the sea

Calm seas and preferably no wind are ideal condi-
tions for installing the offshore wind turbines.
Reliable weather forecasts are essential, together
with a great deal of experience and the resolve

to postpone installation work if weather conditions
unexpectedly deteriorate. Laying the main cable
connecting the wind farm to the onshore grid is
another challenge. Considerable care must be taken
when laying new cables over existing pipelines,
power cables or telephone lines to avoid damaging
or impairing these.

Munich Re supports the offshore warranty sur-
veyor with experience from other offshore wind
projects it has already covered

With a view to guaranteeing safe transport and
installation, operators of offshore wind farms
engage independent experts or offshore warranty
surveyors to take on any additional tasks needed
to ensure that the work proceeds safely and with-
out losses. Originally deployed in the offshore

oil and gas industry, offshore warranty surveyors
have also become standard practice in the off-
shore wind energy sector. For most insurers

of offshore wind projects, an extended project-
related use of offshore warranty surveyors is also
a mandatory requirement for the insurance of
such projects.

20 Munich Re newables

The components of
offshore wind farms are
manufactured on land.
They may sustain
considerable damage
during loading.

Since 2001, Munich Re has provided innovative
coverage concepts to accompany offshore wind
power developments. As a global player, Munich
Re was consequently able to collect invaluable
experience in a number of insured offshore
projects — ultimately to the benefit of customers
and owners. Together with the project’s offshore
warranty surveyor, Munich Re also contributes
valuable experience from the perspective of a rein-
surer, for Munich Re’s experts know exactly which
risks have already resulted in losses in similar
projects worldwide in the past.

In close consultation with the client, Munich Re
develops a catalogue of tasks specially tailored to
the specific project and set out with binding force
in the policy’s warranty clause. The schedule of
tasks for the offshore warranty surveyor outlines
additional information that may be required for
reviewing specifications and procedural instruc-
tions. It also stipulates concrete requirements,
such as exactly when surveyors must be present
at the offshore site; particularly during high-risk
phases and installation activities they can help
minimise risks by applying their long-standing
experience.



Offshore wind farms: A secure foot in the sea

Our knowledge enables us

to minimise the risk

during

the construction phase.

Profiting safely with Munich Re from wind energy
even in rough seas

Collaboration with Munich Re and the offshore
warranty surveyor brings considerable added
value for the customer. In addition to the marine
warranty survey, the customer can also rely on
Munich Re’s consistent risk management. Even
during the risk analysis, quotation and initial talks,
Munich Re also provides invaluable information
on aspects that may increase risk.

In the future, risks may grow or additional risks
could arise as new wind farms are commissioned,
possibly even with shared use of the same cable
routes connecting them with the shore. Along with
property damage and business interruption
losses, attention will increasingly focus on third-
party liability risks. With its innovative coverage
concepts and experience of numerous offshore
projects, Munich Re will continue to ensure that
offshore facilities can be installed and operated as
safely and profitably as possible, in the interests of
their operators and investors.

Contact

Jork Nitschke
jnitschke@munichre.com

It takes calm seas, a lot of

experience and good judge-

ment during installation.

Munich Re newables
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The challenge The solution

Many insurers are currently With its Kyoto Multi Risk Policy,
exploring the impact Kyoto will Munich Re is offering a coverage
have on their business, and also concept providing buyers and

the risks and opportunities that sellers of carbon credits with com-
the Kyoto market mechanisms prehensive insurance protection.

will open up.

Carbon credits — Sure enough!

An increasing number of climate-friendly projects are
being carried out in developing and emerging countries
as a result of the mechanisms established by the Kyoto
Protocol. With its Kyoto Multi Risk Policy, Munich Re
protects stakeholders against the many challenges and
risks associated with these projects.

The project mechanisms of the Kyoto Protocol
(“Kyoto”) are a “win/win” answer to the problems
of climate change, creating benefits for stakehold-
ers and the environment alike: companies from
developed nations invest money, know-how and
resources in greenhouse-gas-reducing activities
in developing countries. The projects generate
“carbon credits” in respect of the greenhouse gas
emissions not put into the atmosphere, which are
sold to help finance the projects. The developed-
nation companies can then offset these credits
against part of legally binding limits on their
greenhouse gas emissions, or sell them in carbon-
credit markets.

Carbon credits are a completely new class of
financial assets and until Kyoto’s first phase, which
started in early 2008, no one had to consider what
to do to protect them. As of January 2008, however,
these assets have a demonstrable value —they

are earned as a by-product of project activities
Companies that need to transparently audited by internationally renowned

increase their emission certification firms.
allowance must buy credits

from those who pollute
less.
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Carbon credits — Sure enough!

The expansion of emissions trading
schemes is creating potential

for coverage concepts like the Kyoto
Multi Risk Policy.

One look at the size of this new asset class shows
that there will be increasing demand for protec-
tion. As of the third quarter 2008, more than 4,000
projects were registered or in the process of regis-
tration under the Clean Development Mechanism,
one of the two project mechanisms established by
Kyoto. The market value of carbon credits up to
2012 from these project mechanisms is in the
region of €25bn, driven largely by EU companies
needing to meet their compliance limits. To date,
the Kyoto Protocol has been ratified by most of the
world, the notable exception being the USA,
whose participation would increase demand for
carbon credits exponentially.

Kyoto Protocol too difficult to grasp for insurers?
Whilst insurers are evaluating what impacts
climate change will have on their business, they
are mostly not considering what risks and oppor-
tunities are opened up by the Kyoto market and
project mechanisms. Kyoto seems to have been
placed on the “under review” pile, perhaps
because of its apparent complexity and the
multi-line input its underwriting requires, the
latter always being a tremendous challenge.

However, with Munich Re’s support, insurers can
harness their existing expertise and risk manage-
ment skills and take advantage of this unique
opportunity.

Munich Re’s Kyoto Multi Risk Policy: Innovative,
cross-line approach

As aresult of detailed analysis, drawing on under-
writing skills from a number of disciplines, Munich
Re has created a comprehensive policy designed
to be issued by cedants, called the Kyoto Multi
Risk Policy (KMR).

For buyers of carbon credits — companies which
need the credits for compliance, carbon project
aggregators, investment funds, project finance
banks and commodity traders —the policy reflects
the fact that buyers are unlikely to have a direct
and insurable interest in the project assets,
whereas for project owners/developers (sellers),
project assets can additionally be covered.

A special feature of KMR is that it is a multi-line
product. KMR therefore has a modular coverage
structure and covers a wide range of perils from
physical damage, machinery breakdown and polit-
ical risks to insolvency — with the capability of
being extended to other areas, such as weather-
related events and technical performance risks,

where appropriate. But Munich Re has been care-
ful to structure it in such a way that it does not
cover unmanageable risks.

Through KMR, Munich Re provides cedants with a
way of protecting clients whose aim is to success-
fully invest in projects which benefit the planet by
reducing the emissions of harmful, man-made
greenhouse gases, including projects which gen-
erate low-carbon, sustainable energy.

Generate new business and thereby promote
reductions of carbon emissions

Kyoto opens up a completely new risk segment for
insurers that offers potentially high growth rates.
By underwriting these new risks, insurers demon-
strate to shareholders, customers and employees
that the insurance market is not just self-interest-
edly adapting to change, but is actively working to
help reduce climate-change greenhouse gas emis-
sions.

Contact

Jonathan Young
jyoung@munichre.com
Tel. 44(0) 2030037338

The Kyoto Multi Risk Policy
in a nutshell

The policy sections of Munich Re’s
Kyoto Multi Risk cover:

—The construction phase (property)

—The operational phase (property
and machinery breakdown)

— Political risks

—Insolvency risks

— Specified performance risks
(manuscript section)

— Weather risks (manuscript section)
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The challenge

The potential for reducing carbon
emissions contrasts with the known
and unknown risks facing the provid-
ers and operators of carbon capture
and sequestration plants.

The solution

Munich Re provides its clients

with support and advice in realising
CCS power plant projects.

Coal-fired power plants are
responsible for a third of
global CO, emissions but
generate 40% of the world’s
electricity.
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Carbon capture and sequestration:
A future technology with many unknowns

New technologies for sequestering carbon dioxide can
significantly help to reduce CO, emissions from fossil-fired
power plants, but many questions remain to be answered
before they can be used on a commercial scale.

Around one-third of global CO, emissions cur-
rently stem from coal-fired power plants, which
generate 40% of the world’s electricity. In 2007, the
International Energy Agency (IEA) predicted that
several hundreds of new coal-fired power plants
will be built by 2030, most of them in the booming
countries of East Asia, where a new coal-fired
power plant goes on stream almost every week. In
this region some countries generate up to 80% of
their electricity from coal. In connection with this
growing demand for energy, CO, emissions have
almost doubled in the period from 2000 to 2007.

Although the importance of renewable energy
sources is constantly on the rise, the IEA predicts
that fossil fuels will continue to account for a major
part of our energy mix for many years to come,
not only in Asia, but in the western industrialised
nations, too. In the United States, for example,
coal-fired power plants will have produced roughly
one-half of the required electricity in 2008. In
Germany, coal and lignite plants similarly produce
half the country’s electricity, corresponding to CO,
emissions of around 345 million tonnes per year.



Carbon capture and sequestration: A future technology with many unknowns

Munich Re assumes risks
and promotes CCS projects.
In this way, we contribute to
reducing CO, emissions.

Fig 7: Carbon capture and sequestration
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CO, emissions from coal-fired power plants must
be reduced swiftly

Researchers have been working intensively for a
number of years to develop new ways of capturing
and storing the CO, produced when generating
electricity from coal. “Carbon capture and seques-
tration” (CCS) is the name of a technology whose
technical viability has already been demonstrated
on a pilot scale in ongoing trials. It can not only be
integrated into new plants, but — if possible — also
retrofitted in existing power plants.

The financial infrastructure for funding research
on CCS technology is in place. Funds for invest-
ment are available from operators and technology
suppliers; public funds are also available in many
countries worldwide. At the same time, growing
public pressure to reduce CO, emissions from
electricity generation is prompting the energy sup-
ply companies to make use of new technologies.
Furthermore, reducing CO, emissions provides
power plant operators with an opportunity to
trade in CO, certificates and earn credits for every
sequestered tonne. By the time the CCS tech-
nology is ready for commercial use the cost for
sequestration and storage of CO, are expected to
decline to around €30 per tonne. These additional
costs will drive up the price of electricity, but CO,
emissions trading offers a means of generating
additional income to mitigate this price hike.

power station

Soil

CO, storage
(to a depth up to
several 1,000 m)

Coal deposits
unsuited for mining
[l Saline aquifers

71 Depleted gas and
oil deposits

Numerous pilot projects with different technical
concepts for sequestering CO, are either under
construction or in operation worldwide. There are
no fewer than 60 projects devoted to investigating
geologic sequestration in deep saline formations,
i.e. porous rock formations in which the gaseous
CO, is converted over several years to solid matter.
The possibilities of storage in exhausted oil and
gas reservoirs, of replacing gas hydrate sediments
with CO, under the seabed and of storage as bio-
mass in forests and wetlands are further aspects of
this research. The coming years will show which
of these technologies becomes established as the
standard. All approaches ultimately have the same
objective, namely to reduce the CO, emission to
the air from fossil electricity generation as effi-
ciently, safely and economically as possible.
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Carbon capture and sequestration: A future technology with many unknowns

Identifying risks and avoiding the repercussions

Suppliers and operators are faced with a number
of known risks along with several new risks, when
putting the theoretical potential CO, reduction into
practice. With decades of worldwide experience in
the oil and gas industry, as well as in the construc-
tion of power and chemical plants, Munich Re has
acquired valuable know-how which can also prove
very useful in the implementation of CCS projects.
In many of the fundamental questions connected
with the separation of CO, in the power plant or its
subsequent transport and storage, Munich Re can
fall back on its significant expertise as a risk carrier
in the oil and gas industry. This lays the basis for
innovative, tailor-made insurance solutions which
can be highly instrumental in the successful imple-
mentation of such projects. It would take consider-
ably longer for these new technologies to become
established in the market if many of the risks were
not transferred to and shouldered by the insurance
industry. In this way, Munich Re promotes their
use while helping to reduce CO, emissions at the
same time.

A number of issues remain to be clarified by oper-
ators, as well as policy-makers, before these tech-
nologies can be used commercially:

— Legal aspects and liability: Who owns the carbon
dioxide and who is responsible for it after com-
pression and deep injection? Is it the responsibil-
ity of the power plant operator, or of the operator
of the storage reservoir? Or should it even be a
matter for the state? From a legal angle, these
are not only administrative issues under environ-
mental and technological law, but also questions
of liability. As things stand today, risks to life,
health and property and financial risks are gov-
erned by the general rules on liability.

— Design feasibility: Commercial CO, sequestra-
tion plants take up considerable additional space
which is often not available in existing power
plants, making a retrofit very much more compli-
cated. Due to the large but pressureless flue-
gas streams, the scrubber columns needed for
sequestration in post and pre-combustion cap-
ture processes can reach diameters of up to 20
metres and this imposes significant demands on
the contractors building the plants. This is where
Munich Re’s experience in similar projects can
prove useful. With its innovative Comprehensive
Project Insurance (CPIl) Munich Re offers exten-
sive cover during the construction phase, while
the Comprehensive Machinery Insurance (CMI)
covers the subsequent operating phase.
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— Technical risks: Since the use of CCS technology
reduces the efficiency of a power plant, the CO,
must be sequestered as efficiently as possible. If
defects or damage impair sequestration effi-
ciency, considerable financial losses can ensue,
especially if the “clean power plants” engage in
emissions trading and find themselves unable to
earn the planned carbon credits. Another aspect
to be considered is the large-scale use of environ-
mentally harmful chemicals, such as those
required in the post-combustion process for CO,
sequestration. Large volumes of chemical scrub-
ber liquid are charged with CO, in a closed cycle
and subsequently regenerated in this process. A
leak could have far-reaching consequences for
the environment.

— Risks during transport: In principle when retrofit-
ting existing coal-fired power plants, the CO,
reservoirs are geographically remote from the
power plants themselves, sometimes lying up to
several hundred kilometres away. For this reason,
the captured and liquefied CO, was to be trans-
ported through pipelines to the deep injection
site. If such a pipeline were to develop a leak, the
deep cold and liquid (cryogenic) CO, could evap-
orate instantly and explosively on escaping from
the pipeline. Since it is denser than air, it could
fill lower-lying areas and form whole lakes of car-
bon dioxide. Any leaks would also result in soil
contamination through the formation of carbonic
acid when carbon dioxide reacts with water. In
addition, cryogenic CO, can cause severe burns
when it comes into contact with skin.

— Non-proven storage technology: Carbon dioxide
can be stored in the ground in a variety of ways.
Itis injected into deep saline formations or
exhausted oil and gas reservoirs either in gaseous
form or as a cryogenic liquid. The long-term
stability of such reservoirs has not yet been fully
proved. Hitherto unknown geochemical reactions
are also possible.



Carbon capture and sequestration: A future technology with many unknowns

“Clean coal” makes renewable energy sources
more competitive

CCS technology can only make coal-fired power
plants cleaner. It cannot eliminate CO, emissions
entirely. Depending on the technology used, CO,
separation only remains economically viable up
to a rate of 90-98%. Moreover, CCS reduces the
efficiency of a power plant by up to 15% in com-
parison with that of a conventional coal-fired
power plant — and the additional cost of CO, sepa-
ration drives up the cost of electricity generation.
Depending on their price, selling CO, certificates
could generate additional revenues to offset at least
some of the additional costs of CCS technology.
Furthermore, new materials and more efficient
power plant technology are expected to resultin a
10-15% increase in efficiency in the coming years.
This could in turn compensate the loss of effi-
ciency caused by CO, separation.

Due to the additional costs incurred for building
CO, separation plants and the simultaneous loss
of efficiency, electricity from correspondingly
equipped power plants will be more expensive
than electricity from power plants without carbon
sequestration in the foreseeable future. But this
will ultimately also benefit the renewable energy
sources as successive improvements in efficiency
and costs make them more competitive in relation
to the more expensive “clean coal”. In this respect,

At the power station site
“Schwarze Pumpe”, an
oxyfuel combustion capture
pilot plant went into oper-
ation in Germany at the
beginning of September
2008. 10,000 tonnes of CO,
are expected to be captured
over the next three years
and sequestered in a
depleted natural gas
deposit some 350 kilometres
away.

CCS technology could prove economically to be a
medium-term transitional solution, making con-
ventional coal-fired generation of electricity
cleaner until demand can be covered by renewable
energy sources.

Contact

Peter Bender
pbender@munichre.com
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Carbon capture and sequestration: A future technology with many unknowns

Fig. 8: Three technologies, one goal: to reduce CO, emissions
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Three CCS technologies are currently
being tested in a number of pilot
projects. While post-combustion
capture technology is the best option
when retrofitting existing coal-fired
power plants, the other two methods
are more suitable for new plants or
for large-scale conversions.
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Post-combustion capture: Flue gas
from coal-fired power plants con-
tains up to 14% CO,. To separate the
carbon dioxide, the flue gas streams
through scrubber towers in a coun-
terflow with scrubber liquid which
absorbs the CO,. When the scrubber
liquid is regenerated, it is heated to
release the carbon dioxide which is
then captured, cooled, dried and
compressed for transport.

Pre-combustion capture: This tech-
nology is destined for use in IGCC
(integrated gasification combined
cycle) power plants. When the coal is
gasified with pure oxygen, the result
is a so-called synthesis gas containing
mainly carbon monoxide, methane
and hydrogen. Before combustion
the synthesis gas in a gas turbine,
the carbon monoxide is converted to
carbon dioxide and then captured
from the gas stream by absorption.

Oxyfuel-combustion capture: In the
processes described above, carbon
dioxide is removed from the flue gas
by absorption. The oxyfuel process,
on the other hand, concentrates the
flue gas stream itself by reducing
other components to produce a
stream of almost pure CO,. To achieve
this, coal is incinerated in a boiler in
an atmosphere of 95% oxygen and
recirculated flue gas. In contrast to
air-fired boilers, the absence of nitro-
gen reduces the exhaust mass flow
to such an extent — as compared with
conventional combustion with air -
that the flue gas contains more than
80% CO,. The carbon dioxide can
then be condensed without complex
further processing and compressed
for transport and storage.



The challenge The solution

Investors in and operators of geo- Munich Re’s exploration risk insur-
thermal projects are always dogged ance covers the costs of the bore
by the geological exploration risk: hole in the event of unsuccessful
major investments are lost if their exploration, providing security for
bore holes do not yield the desired investment and planning.

results.

Geothermal energy:
In search of hot water

Volcanoes, geysers, hot springs —in some places the
immense energy hidden within its depths is particularly
evident. Modern technologies make the climate-friendly
and regenerative resource of geothermal energy usable.
The greatest hurdle for investors up to now has been
the exploration risk — but Munich Re has an innovative
solution for that, too.

Geothermal energy —i.e. heat from within the
earth —is an inexhaustible source of energy. As a
rule, the temperature increases directly, the
deeper a well is drilled into the earth. The earth’s
core has a temperature of between 5,000 and
6,000°C. But it is not necessary to drill to such
depths, for the temperature rises by roughly
35-40°C with every kilometre drilled. In some
regions, such temperatures occur much closer to
the surface, with the result that homeowners seek-
ing to heat their homes with the aid of a heat pump
often do not have to drill to any great depth in
order to find relatively hot water — depending on
geological conditions.

Deep geothermal energy presents a different pic-
ture: depending on the location, it may be neces-
sary to drill several kilometres deep in search of
the best water-bearing strata. These strata -
known as aquifers — can contain water at tempera-
tures of over 100°C. High water temperatures are
Drilling rig for a needed for geothermal power plants to produce
geothermal project. electricity cost-efficiently. The hot water tapped
can also be used for district heating, to generate
steam for industrial use or for combined heat and
power generation. Such co-generating plants can
achieve a utilisation rate of up to 90%.
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