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1  History

On its way to becoming a source of energy that can be exploited on an
industrial scale, the peaceful use of nuclear fission developed remarkably
fast. The first controlled nuclear fission reaction was in 1942. Only nine
years later, in 1951, electricity was generated for the first time from
nuclear power. And today, sixty years on, 439 reactors are in operation
throughout the world with a total output of more than 360,000 MW.
Another 31 reactors are under construction. The experience gained to
date with nuclear power stations corresponds to more than 10,000
operating years.

2  Technical and physical bases

Nuclear power generation is based on the principle that the atomic
nucleus of the nuclear fuel uranium splits when bombarded with neu-
trons, releasing both energy and new neutrons. The released energy is
used to produce steam which drives a turbine, whilst the neutrons serve
to split more uranium nuclei, thereby maintaining the chain reaction.

These released neutrons cannot trigger nuclear fission by themselves,
however, because they are too fast. To slow them down, nuclear power
stations need a medium, called a moderator. A coolant is required to
remove the generated heat and produce steam for the turbine.

The nuclear power station at Greifenrheinfeld; on the right
the cooling towers, on the left the reactor dome.



Moderator and coolant

Three main media are used in modern-day nuclear power stations: light
water, heavy water, and graphite. The coolant is either water or a gas like
carbon dioxide or helium.

Light water, which is another word for ordinary water (H2O), is an
economical medium that is suitable for use as a moderator and as a
 coolant to produce steam.

The majority of commercial reactors therefore use light water nowadays
for both purposes. However, light-water reactors need a nuclear fuel with
a higher uranium 235 content than occurs in nature (only 0.7%), this
being the uranium isotope that can be split by the slowed neutrons, as
opposed to uranium 238, which is the main component (99.3%) of
uranium ore.

Complex uranium enrichment plants are necessary to produce the
required U 235 content of 3–4%. This enrichment with uranium is not
needed or only partially needed if heavy water or graphite is used as a
moderator. In the case of heavy water, the hydrogen atom (deuterium)
has a proton and a neutron in the nucleus. Normal hydrogen only has a
proton in the nucleus. The most famous reactors of this type are the
CANDU reactors (Canadian deuterium uranium) developed in Canada. 

Since there are only small quantities of heavy water in natural water, it
must be enriched in an elaborate process, making it much more
expensive than light water.

Graphite is used in the gas-cooled reactors common in the UK and in the
Russian RBMK reactors like Chernobyl.

3  Reactor types

Commercial reactor types

Pressurised water reactor
The majority of today’s nuclear power stations operate with either a pres-
surised water reactor or – less frequently – a boiling water reactor. In
pressurised water reactors, water is pumped around the primary circuit
at high pressure so that it does not evaporate. The resulting heat is trans-
ferred in steam generators to the water in the secondary circuit, which
vaporises and is passed into the turbine in the form of steam.

In most reactors, the water is heated up in a large container, the reactor
pressure vessel. In CANDU and RBMK reactors, however, the cooling
water is transported through the reactor along a large number of indi -
vidual pressure tubes and heated up there.
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Boiling water reactor
Boiling water reactors have only one circuit. The water evaporates in the
reactor itself and is then passed on to the turbine in the form of steam.

Gas-cooled reactor
In the UK, gas-cooled reactors were developed and built with graphite
serving as the moderator and carbon dioxide as the heat carrier medium.
In this type of reactor, gas temperatures of 650°C are reached while the
temperatures in light-water reactors are between 300°C and 400°C.

Prototypes

High-temperature reactor (HTR)
With a view to achieving higher thermal efficiency, the coolant tem-
peratures in high-temperature reactors are 800–1,000°C. High-tem-
perature reactors are fuelled with 1-mm grains embedded in graphite
balls with a diameter of 6 cm. The graphite serves as the moderator. The
reactor core is cooled by compressed helium gas.

These reactors can be built in such a way that meltdowns cannot occur
for purely physical reasons, making them much safer than conventional
reactors. High-temperature reactors have only been built as prototypes to
date, most recently in Japan and China. South Africa is also working on
the development of such a reactor.
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Breeder reactor (fast breeder)
Whilst the above-mentioned “thermal” reactors employ slowed neutrons
to split uranium 235 nuclei, “fast” reactors use neutrons that have hardly
been slowed at all.

Uranium 238, which is practically non-fissionable, captures fast neutrons
on the periphery of the reactor core and is then converted into plutonium
239. A reactor that is charged with so much U 238 that it breeds more 
Pu 239 than it uses up for splitting is called a breeder reactor. Since 
Pu 239 is split by both thermal and fast neutrons, it can be used in LWRs
and HTRs together with U 235 or as the sole fissile material in fast
breeder reactors. Fast breeder reactors therefore produce not only
energy but also add itional nuclear fuel.

At present, there are only eight fast breeder prototypes in operation
worldwide. The largest plant, the BN 600 in Russia, achieves an output 
of 600 MW.

Nuclear fusion
Nuclear fusion involves the conversion of hydrogen into helium, as in the
sun. Large amounts of thermal radiation are released in the process. The
same amount of energy can be won from 1 gram of hydrogen as from 
8 tons of mineral oil or 11 tons of carbon. To start the process of fusion,
however, temperatures of around 100,000,000°C are required. The main
problem in the development of fusion technology is controlling these
temperatures. So far, it has only been possible to maintain the fusion
process in pilot plants for a very short time (up to two seconds).

In a few years, a nuclear fusion test reactor is to be built in France, the
International Thermonuclear Experimental Reactor (ITER). This is a joint
research project run by the European Union and Japan, Canada, Switzer-
land, Russia, China, South Korea, and the United States to promote
research in this field. Scheduled to go into operation in 2020, it will have
a fusion performance of 500 MW at a burning time of more than 400 sec-
onds, generating currents of 15 million amps. With an envisaged mean
temperature of 100,000,000°C, the reactor will produce up to ten times as
much energy as it needs to maintain its own operations.



4  Fuel cycle

Owing to the fact that nuclear power generation makes use of radioactive
material, it is the only energy system that requires a technologically
sophisticated fuel cycle.

Fuel
Uranium is separated electrochemically from ore extracted in uranium
mines and oxidises to form uranium oxide U3O8. Owing to its yellow
colour, this product is known as uranium concentrate or yellow cake.

The majority of nuclear power stations use enriched uranium whose 
U 235 concentration has been increased from the 0.7% of natural uranium
to 3–4%. To achieve enrichment, the uranium oxide must be converted
into uranium hexafluoride (UF 6), a chemical compound which is solid at
room temperature and gaseous above 56°C. It is therefore easy to trans-
port in powder form and can be converted into gas by slight heating.
Advantage can then be taken of the fact that the uranium isotopes U 235
and U 238 contained in the gas have different masses. Thanks to the
physical difference between these (chemically identical) isotopes, they
can be separated by diffusion or centrifugal processes.

Fuel elements
The fuel which comes from the enrichment plant in the form of UF 6 pow-
der is converted into uranium dioxide (U 02) and sintered to make small
pellets, which are then encased in zirconium alloy tubes. These fuel rods,
the number varying according to the reactor type, are assembled to make
fuel elements. At the time it is loaded into the reactor core, this fuel is
only mildly radioactive. The subsequent processes, however, result in
highly-radioactive fission products, including plutonium.                      

Reprocessing
At the end of its useful life of three years, the spent fuel elements still
contain about 1% uranium 235 and 1% plutonium, besides uranium 238
and highly radioactive fission products. The spent fuel can be recycled in
a reprocessing plant to obtain uranium and plutonium which can then be
used in the reactor again. Such fuel elements with mixed fuels are called
mixed oxide (MOX) fuel elements. This process can lower the consump-
tion of fresh uranium by a third. The remaining radioactive fission prod-
ucts that can no longer be used are safely encapsulated (e.g. melted into
glass) and put in permanent storage.



Permanent storage
Permanent storage sites for mildly and moderately radioactive waste are
in operation in a large number of countries. The waste is usually stored in
deep geological formations. Since the half-lives of highly radioactive
waste are very long, the permanent storage sites for these substances
must guarantee that no radioactivity can escape into the environment
over extremely long periods. It may be assumed that this waste needs to
be isolated in safety for a period of about one million years. The heat gen-
erated when radioactive substances decay must be removed cautiously.
Moreover, groundwater must be prevented from washing out these sub-
stances and transmitting them back into the environment.

Highly radioactive waste is produced in small quantities. Current practice
is to put it in interim storage whilst the decay heat decreases. Permanent
storage depots for highly radioactive waste are not in operation on a
worldwide scale yet. Various processes of safe permanent storage are
being tested, including storage in underground salt domes or granite
formations.

5  Nuclear safety

Wherever nuclear power stations are in operation, the environment must
be protected against exposure to radiation. Legislation stipulates that the
safety systems must be designed to control a maximum credible accident
(MCA  or design base accident) to the extent that it does not result in

exposure to radioactive radiation above the permitted limits outside the
plant. The Chernobyl accident provided dramatic evidence that this does
not always succeed.

As the major losses of the past have shown, the main risk is that when
they attempt to remedy the situation, operating staff make or even ex -
acerbate errors.

A reactor would only be really safe if it did not depend on active safe-
guards and were immune to operator errors, i.e. making it “inherently”
safe. This concept means that active safety systems and intervention on
the part of the staff are not needed to deal with a malfunction and that
safety is based solely on physical and chemical principles which apply
with absolute certainty. Although more and more walk-away safety fea-
tures are being incorporated, a nuclear power station has yet to be built
that is inherently safe in every respect.

Nuclear safety is primarily about
– monitoring reactor performance to ensure that the reactor is shut down

without fail;
– safely removing decay heat to prevent meltdown or fire;
– preventing the release of radioactivity into the environment even when

the reactor is damaged.



Active safety
Reactor performance can be controlled reliably by active and passive
 elements or by physical effects that automatically stop the chain reaction
in response to a malfunction and hence shut down the reactor. The most
important active measure is to charge the reactor with materials which
absorb neutrons and thus prevent further nuclear fissions. This is done
by inserting control rods into the moderator or adding substances like
boron acid that absorb neutrons.

However, cooling must be continued even when the reactor has been
shut down. In all nuclear reactors, the radioactive fission products con-
tinue to decay and produce heat even after the reactor has been shut
down, i.e. after the chain reaction has been interrupted. If this decay or
residual heat is not removed by a cooling system, the reactor may heat
up, resulting eventually in the meltdown of the reactor core. There is a
danger that such a meltdown will eat its way through all the reactor
shells and reach the groundwater, thus spreading radioactive substances
over large areas. Several redundant emergency cooling systems are
therefore required so that if one system fails, the cooling process can be
maintained reliably. As a rule, these systems are installed in bunkers.

Normally, fast reactor shutdown and activation of the cooling systems
are fully automatic processes that are triggered as soon as certain thresh -
old values are exceeded. At Chernobyl, these safety systems had been
intentionally deactivated in order to perform a test.

Passive safety
A system of barriers prevents radioactivity from being released:

– Fuel rod tube
– Reactor pressure vessel
– Containment steel liner
– Reinforced concrete dome

In today’s most modern reactor type, the European pressure water re -
actor (EPR – European Pressurised Reactor), like that currently being built
in Finland, structural measures guarantee that a meltdown can be safely
kept in check.



6  Insurance

Nuclear power stations are a special challenge for insurers, involving
sums insured that total several billion US dollars. Reactors are techno-
logically complex systems in which an enormous energy content must be
unfailingly controlled.

If the technology is not kept completely under control, the consequences
could far surpass all engineering catastrophes that have occurred in the
past – in terms of both the geographical scale and the numbers of people
and assets affected.

For this reason, the insurance markets of the countries with nuclear
plants have set up insurance pools in which the necessary expertise is
concentrated. They offer the necessary covers from the moment a plant
becomes “nuclear”, i.e. as soon as it is charged with radioactive sub-
stances. These nuclear pools keep in close contact with each other and
share the risks in order to make certain they are spread worldwide.

Construction of the European Pressurised
Reactor (EPR) in Finland. The first ring of
the containment lining is laid on the
foundation plate in the weather protection
structure.



During the first phase, the construction site is a pure erection risk like any
other project. During the second phase, the site must be divided into
nuclear and non-nuclear sections and risks. The nuclear pools are already
involved at this stage, assuming cover for the nuclear sections and risks.
As soon as the installation of the fuel elements begins, the reactor is
excluded under the EAR cover and insured by the nuclear pools. These
also offer cover for nuclear perils, which are generally excluded in stand -
ard erection policies, and fire. The remaining risks continue to be insured
on the conventional market.

Operational covers
During the operating phase, nuclear power stations are usually insured
by nuclear pools. Property covers for nuclear power stations always
include the nuclear energy and fire risks and in most cases, the machin-
ery risk, too. In some markets, nuclear pools and the conventional market
continue to share the covers, with the conventional market covering the
machinery risk for the non-nuclear section of the nuclear power station.

Insurance per stage of construction

Construction Commissioning Operations
Nuclear sections Conventional Nuclear pools Nuclear pools
(reactor, fuel element market
storage)
Conventional sections Conventional Conventional Nuclear pool or 
(turbo-generator set, market market conventional 
emergency power market
supply, pumps)

Erection all risks insurance
Erection all risks insurance usually covers the complete erection phase of
a project, including trial operations, and ends when the respective plant
is handed over to the principal. That is not possible in the case of nuclear
power stations because the reactor must be fitted with fuel elements for
the trial operations and must therefore be radioactive. For the purposes
of EAR insurance, therefore, the erection of nuclear power stations is split
into two phases:

– Phase 1: the erection phase up to and including the fitting of the fuel
elements

– Phase 2: trial operations with the active reactor up to and including
handover to the principal



Business interruption insurance
Along with the property covers, the corresponding BI covers are also
available on the market. In this context, however, the socio-political
situation must also be considered. Following damage to property, public
pressure and political and administrative demands may lead to an
incalculable prolongation of downtimes – and construction work or
operations may even be stopped altogether.

Liability
The liability risk consists of the nuclear energy risk and the conventional
operational risk. Third-party liability insurance for the nuclear energy risk
is geared very closely to the legal regulations in the individual countries.
This cover is provided only by the nuclear pools.                                                                                       
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