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Increasing efficiency, minimising costs

A primary goal is to improve the efficiency, which depends on the tech-
nology employed, but also on the fuel. The technical implementability
is limited by the materials’ properties and the economically justifiable
investment costs

In a power station block, an electrical output of up to 1,100 MW is
achieved at a net efficiency of around 45%, purely for the generation of
power. For this, a good 20,000 tonnes of coal is burnt each day, cor-
responding to the load carried by about 20 trains a day or 670 lorries a
day.

In order to reduce costs, the industry is currently endeavouring to extend
the service life of individual power station components. At the same
time, it is increasingly adopting a condition-based approach to servicing
and maintenance, so that costs can be reduced to a minimum without
affecting quality.

2 Boiler (steam generator)

Once the fuel has been burnt in the furnace, flue gas flows through the
various parts of the boiler. In the process, the heat of the flue gas is trans-
ferred to the water or steam in the piping. The feedwater in the piping
system, which can be up to 2,300 km long, is heated, evaporates, and is
then superheated. This produces high-pressure steam at up to 300 bar
and 600°C and a steam flow rate of up to 2,600 t/h. Pressures of more
than 221.2 bar are referred to as supercritical steam pressure.

In order to achieve higher levels of efficiency, the steam is reheated in the
boiler after flowing through the first section of the steam turbine. At pres-
sures of around 40 bar, it then reaches temperatures of up to 620°C.

Possible problems

The boiler is subjected to stress during start-up and shutdown proced-
ures (non-steady operating conditions) and to corrosion and erosion
during normal operations. Among its most critical components are the
superheaters, where the highest temperatures are reached and the ma-
terials are consequently subjected to the greatest stress. The choice of
materials and maintenance are therefore of particular importance.



Fig. 1: Layout of a conventional coal-fired power station
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The boiler is one of the biggest components of a power station and can
be up to 175 m in height. Its erection therefore involves considerable
effort and can take up to 22 months.

3 Steam turbine

A distinction is made between the high-pressure (HP), medium-pressure
(MP), and low-pressure (LP) sections of steam turbines. The high-pres-
sure steam leaving the steam generator is directed by fixed guide vanes
onto the rotor blades of the HP section, where its kinetic energy is con-
verted into the rotational energy of the turbine, leading to a reduction in
the speed, pressure, and temperature of the steam. In many cases (see
Fig. 1), the reheated MP steam is then fed into the MP section of the
turbine. Steam can also be tapped, as required, at various points on the
turbine for use in district heating or as process steam. After passing
through the LP section, the steam only has a temperature of roughly
33°C and a pressure of 0.05 bar.

Huge dimensions

In the case of gearless plants, the steam turbine rotates at the same

speed as the electric generator, i.e. at 3,000 rpm (50-Hz power grid) or at
3,600 rpm (60-Hz power grid). In the LP section, some of the blades can
be over 1.2 m long, giving the turbine a diameter of over 4 m. The high

speeds of over 600 m/s (2,160 km/h) at the tips of the blades lead to enor-
mous centrifugal forces on the turbine blades, limiting the possibilities of
further technical advances.

Installation of a steam turbine. The rotor blades can be seen
below on the rotor, the guide vanes above in the housing.



Water-steam circuit

The exhaust steam from the turbine is condensed by the cooling water
in the condenser, the condensate then being fed back into the boiler by
feedwater pumps (water-steam circuit).

The cooling water that has heated up in the condenser is then cooled
again in the cooling tower and can be fed back into the condenser (cool-
ing circuit). Some of the cooling water evaporates in the cooling tower
and has to be replenished, usually with river water.

4 Electric generator

The rotational energy of the steam turbine is converted into electric power
(electricity) in the electric generator. This works in exactly the same way
as a bicycle dynamo: the magnetic rotor rotates within the stator wind-
ings, thus generating electricity by way of magnetic induction. To gener-
ate alternating current at 50 Hz, the rotor turns at a speed of 3,000 rpm,
while for current at 60 Hz, it turns at 3,600 rpm. Electric generators are
cooled by water or hydrogen in an elaborate process. The steam turbine
sections and the electric generator are usually arranged on a single shaft.
Sometimes, however, the HP and MP sections drive one electric gener-
ator and the LP section drives another. The electric generator can also be
installed between the HP and LP sections.



5 Transformer

In order to reduce transmission losses, the voltage of the currentis
increased in a transformer. The current is then able to travel long
distances (via high-voltage transmission lines).

The alternating current produced in the electric generator flows through
the transformer’s primary coil. Current is generated in the secondary coil
by way of magnetic induction. Its voltage depends on the ratio of primary
coil windings to secondary coil windings. Current is usually stepped up
from 20 kV to 400 kV.

This process results in transformers making a noise (humming). They
also become fairly hot and are cooled on the outside, usually with air or
water. Large fans or pumps are normally installed to enhance the cooling
effect. Large transformers weigh several hundred tonnes, which makes
transporting them a major operation.

Transformers are usually filled with oil as insulating material. In order to
avoid environmental damage, they are erected in tanks that can hold

all the oil in the event of leakage. Owing to the risk of fire, transformers
are separated by firewalls and are equipped with sprinkler systems. For
further information, see Leaflet No. 18: “Transformers”.

Fire protection on a transformer: Sprinkler system and
firewall.



6 Flue gas cleaning

The flue gases produced by combustion contain pollutants — particularly
dust, nitrogen oxides (NO,), sulphur oxides (SO, and SO3), and carbon
monoxide (CO). These can be reduced or removed in various ways.
Combustion also gives rise to carbon dioxide (CO,), one of the green-
house gases.

Primary and secondary measures

Primary measures are taken to reduce the amount of pollutants produced
during combustion. Staged combustion, for example, reduces flame
temperature, causing fewer nitrogen oxides to be produced.

Secondary measures involve cleaning the flue gases after combustion.
Sulphur oxides, for example, are washed out in a flue gas desulphurisa-
tion (FGD) plant. Limestone slurry (CaCOs) is usually pumped into a spray
absorber, with gypsum (CaSO,) being produced in various chemical
reactions. Dust is removed by electrostatic precipitators and fabric filters
(baghouse filters). In electrostatic precipitators, the flue gases flow
through an electrical field, so that dust particles become negatively
charged and settle on the collecting electrodes. In the case of fabric
filters, separation is performed by the filter material and enhanced by
the filter cake.

In the denitrification system known as the DeNOx plant, nitrogen oxides
are converted into nitrogen (N,) and water vapour (H,O), using ammonia
(NHj3) or urea (NH,OH). In the SCR (selective catalytic reduction) process,
the conversion takes place in a catalytic converter at a temperature of
250-450°C.

Another possibility is the SNCR (selective non-catalytic reduction)
process in which reactions take place at higher temperatures
(800-1,000°C) in the boiler itself.

The cleaned flue gas leaves the plant through the stack.



7 Combustion processes
There are various combustion systems.
Pulverised coal combustion

Conventional power stations use many different types of coal or lignite
from different mining regions. Boilers are therefore designed to cope
with the characteristics of a specific type of coal (e.g. net calorific value,
ash content, tendency to cake, ignitability, humidity, sulphur content).
The coal is first dried and pulverised and then injected through burners
into the boiler furnace. To improve the mixing of coal dust with air and
thus to optimise combustion, various types and arrangements of burners
are used in the furnace. The ash produced is separated and stored tem-
porarily in an ash bunker for removal.

Fluidised-bed combustion

In this process, air is fed upwards into a layer of fuel, sand, ash, and lime,
causing it to swirl up or become fluidised. This leads to a better mixing of
the fuel with the air, with the result that complete combustion takes place
at relatively low temperatures of 850-950°C.

A distinction is made between atmospheric and pressurised fluidised-bed
firing, these being in turn divided into stationary and circulating systems.
The most common is the atmospheric CFB (circulating fluidised-bed)
firing system, used in plants of up to 300 MW.

Advantages and disadvantages

The advantage of fluidised-bed combustion is that different types of coal
and also fuels of inferior quality (e.g. plastics, residual waste, and
sewage sludge) can be used. The lower temperatures involved also result
in lower NO, emissions. The addition of lime binds the sulphur into the
fluidised bed, so that there is no need for a flue gas desulphurisation
plant. However, the complex composition of the fluidised-bed combus-
tion residues makes them more difficult to recycle. Most problems arise
as a result of erosion and corrosion. For further information, see Leaflet
No. 16: “Fluidised-bed combustion systems in power stations”.

Qil or gas as fuel

In some regions, local sources of oil or gas are used to generate electric-
ity in conventional power stations. In most cases, there is no need to
pre-treat the fuel or dispose of any ash. Flue gas treatment is unneces-
sary in gas-fired plants, whilst the cleaning process in oil-fired plants is
simpler than in coal-fired plants. However, such power stations are less
common nowadays due to the advantages of gas turbine power stations,
especially in terms of efficiency and investment costs.



Waste incineration

Conventional power generation also includes waste incineration, where
the emphasis is on waste disposal. Waste is a very heterogeneous fuel
and places special requirements on plant engineering. Domestic waste
and commercial waste similar to domestic waste is usually burnton a
grate, which in some plants is water-cooled because of the higher com-
bustion temperatures there. Industrial and hazardous waste is burnt in
rotary kilns at even higher temperatures. The incineration of waste
requires more intensive cleaning of the flue gases, on the one hand
because waste contains additional pollutants such as heavy metals and
on the other because the incineration process itself produces pollutants
such as polychlorinated dibenzodioxin and dibenzofuran (PCDD/F).
Corrosion and erosion may also cause major problems. After incinera-
tion, around 25% of the waste remains as slag, which can be used in road
building, for example. New methods of waste disposal are constantly
being tried out, as in the case of pyrolysis processes and biomechanical
plants.

Substitute fuels (SFs)

For information on these, see Leaflet No. 34: “Use of substitute fuels in
conventional power plants and industrial furnaces”.



8 Insurance aspects
Erection all risks insurance

The construction and testing of a conventional power station often
requires a long policy period of up to four years. During this time, the
plant is exposed to various hazards, including fire and explosion as well
as natural hazards. The risk of machinery losses during trial operations
also represents a considerable loss potential because this is when the
combination of all plant components is tested for the first time. Perform-
ance tests may be very stringent, often involving more demanding
targets than during commercial operations.

Machinery/Operational insurance

The machinery risk dominates in conventional power stations. The many
different types of stress (start-up and shutdown procedures, high tem-
peratures, pressures, and speeds) result in heavy wear and tear. If main-
tenance is inadequate, all kinds of damage can quickly occur. For the
purposes of assessment, therefore, it is essential that sufficient informa-
tion is available on the quality of the risk. It is important to have access
to inspection reports showing the claims experience in recent years and
also the age of the machines and plant components. These reports should

also indicate the hazard with respect to fire, explosion, and natural perils.

Business interruption

Generally speaking, insurance can include gross profit including any
increased cost of working or specified standing charges.

The sum insured can be made up of various individual items, derived
from the plant operator’s profit and loss account, for example. Often they
are based on contracts for the supply of power, heat, or steam, or for the
disposal of waste. It is advisable to check the individual elements of the
sum insured against the policy terms and conditions.

As the supply and erection times of power station components are
sometimes very long, any losses that occur can result in substantial
construction delays and downtimes.

Cover should only extend to the actual financial loss sustained by an
operator as a result of indemnifiable material damage.

Environmental aspects, new technologies

Ongoing research and development in many segments of the industry
focuses on using raw materials more efficiently and reducing emissions.
These efforts include “700°C technology” and the storage of CO, in salt
domes.
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