UNESCO Module 19: Combined heat and power

Combined heat and power
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Linkoping is in Sweden, where winters are cold.

If you lived in the Swedish city of Linkdping, you would probably benefit from a
way of heating which is unfamiliar in most parts of the world. You would be
connected to the city’s district heating scheme.

Hot water is fed along a system of pipes into homes, offices and factories. Out of
66 000 households in Linkdping, 50 000 are connected to the district heating
network. Instead of a gas or electric boiler in every house, hot water is supplied
by a publicly-owned company. The hot water passes through radiators to heat
each room.

The hot water for the district heating scheme comes from a power station. Like
other power stations, this produces electricity. However, it has been specially
designed to supply hot water as well. Such a power station is called a combined
heat and power (CHP) plant. It makes very good use of the energy supplied by
the fuel it burns. Only 10% is wasted as hot gases from the plant; the rest is
transferred to the hot water and electricity supplies.

Page 1



UNESCO Module 19: Combined heat and power

Energy transfers at the CHP plant
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Activity 1: Discussion —~ District heating for all?

A CHP plant connected to a district heating scheme makes good use of the
energy from fuel. Shouldn’t every town and city have a scheme like the one at

Linképing? Draw up two lists to show the advantages and disadvantages of a
scheme like this.

Here are some points to consider:

® Do you live in an area where winters are cold? Does your home need to be
heated?

® How is your home heated at present? How would it have to be altered to
make use of district heating?

e What work would have to be done to bring hot water pipes to your home?

® Why should a CHP plant be built close to the district it is supplying?

® What would happen if a CHP plant broke down?
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The ins and outs of a CHP plant

The CHP plant at Linkping burns household waste as well as oil. If the waste
was not burned in this way, it would have to be dumped in landfill sites.

In Sweden, people are conscious of the need to make good use of the rubbish they
produce. Each household produces about 750 kg of waste every year. This is
sorted for recycling, and anything that can be burned is sent to the CHP plant.
Each year, the people of Link6ping recycle 5000 tonnes of paper and 900 tonnes
of glass. They send 34,000 tonnes of rubbish to the CHP plant. The plant collects
more waste from other towns and cities in southern Sweden. A magnetic sorter
removes any iron. It burns 200 000 tonnes of waste and 30 000 tonnes of oil each year.
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Household waste is sorted. Some is burned at the CHP plant.

® Chemically, by adding ammonia to neutralise the acid;
® Electrostatically, by using electrostatic precipitators to remove dust.

The cleaned flue gases go out through the stack. The dust and neutralised
chemicals go to the dump.

Activity 2: Interpreting information

Use the information you have read, your knowledge of science and your own
ideas to draw a diagram to show:

e All the materials and energy that go into the CHP plant;
o All the materials and energy that come out of the CHP plant.

Activity 3: Researching environmental protection
Use a textbook or other reference sources to find out about electrostatic dust

precipitators. Make a list of all the ways in which the Linkoping CHP plant has
been designed to reduce damage to the environment.
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Activity 4: Calculating energy efficiency long way.

Here’s how to calculate the efficiency of a power station:

Efficiency = useful energy output (J)

100%
energy input (J) x 100% 3 :

Look at the diagrams of the conventional power station (this page) and the
Linkdping CHP plant (page 2).

® What is the efficiency of the Linkdping CHP plant?
® What would its efficiency be if it was only supplying electricity?
e What is the efficiency of the conventional power station shown on this page?

Making the most of energy

All power stations waste energy. It is impossible to make a power station that is
100% efficient; there will always be some waste. Also, the steam from the boiler

must be condensed after it has passed through the turbine. The condenser uses
cold water, which comes out hot.

Warm water from the condenser has to go somewhere, usually into a nearby river.
This thermal pollution can be harmful to plants and animals living in the river.

Activity 5: Generating ideas
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Occasionally, good use is made of waste energy from a power station. For
example, some of the waste hot water can be piped to greenhouses so that tender
crops can be grown all year round.

Suggest some other ways in which waste hot water from power stations might be
used. ‘
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Supply and demand

The Linképing CHP plant provides the city with electricity and hot water.
Unfortunately, they use them at different times. They use electricity most during
the day (at work) and in the evenings (at home). They use their heating systems
most in the evenings and mornings (when it is coldest).
Electricity must be generated whenever the consumer wants it — electrical energy
cannot be stored. So the CHP plant produces hot water even when it is not
required. An accumulator tank stores 20 000 m? of hot water during the
daytime, and supplies it to the district heating scheme at night.

Activity 6: Design task
Design a suitable tank for storing 20 000 m? of hot water.

e What dimensions will your tank have?

e How will you keep as much energy in the water as possible?

Energy for Linkoping
Linkoping now has three CHP plants. It also has several oil-fired hot water plants
(which do not generate electricity). The city’s electricity comes from a variety of
sources:
5% from hydroelectric and wind power schemes;
60% from CHP plants;
35% from the National Grid.

Activity 7: Data presentation

Draw a diagram such as a pie chart to show the different sources of electrical
power used in Linkoping.

Explain why it is a good idea to have several sources of electricity supply, rather
than relying on a single, large power station.
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