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Future trends should always be discussed against the background
of the past. It is therefore appropriate to start with a review
of the reasons that led to the development of hot water district
heating in Germany and Scandinavia after World War II. The main
emphasis will of course be on the development in Sweden, but the
situation in other northern European countries has been similar.
One difference between the Scand·inavian and the continental
European countries should be noted, namely the availability of
natural gas. In Germany and Holland natural gas has become an
important source of energy since 1965, whereas it will not be
available in Denmark and southeast Sweden until after 1985. The
pricing of natural gas tends to follow the price of No. 1 fuel
oil with a certain delay.
Which have ihen been the driving forces in the development?
They are summarized in Fig. 1. As can be inferred from the figure
the emphasis has shifted during the years. Originally the question
of economy was predominant. Around 1950 most multi-family houses
were mainly using coal and coke though conversion to oil firing
was rapid. New houses were built almost exclusively for oil
firing.~ number of studies in various cities showed that district
heating would be very economical if a reasonable degree of
connection could be achieved. It should be noted that as district
heating started in the 1950-s hot water was chosen as heat
carrying medium. The development of a district heating network
in the major cities became, with the exception of some Danish
cities, the task of the municipal utility. This meant coordination
with other municipal activities but also that initial financing
became easier by using some of the cashflow of the existing
electrical utility, also in municipal hands. Initial losses could
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be covered by an excess from the electricity distribution.
A further driving force for the municipal utilities were the
ultimate possibilities of co-generation of electricity and heat
which offered a very viable alternative to condensing power.
Here again it should be noted that one basic reason for the
successful break-through of co-generation was the fact that the
district heating networks were hot water networks. The economy
of co-generation is governed by the power yield, i.e. the
relation between back-pressure power produced and heat delivered.
For a given turbine configuration the power yield primarily
depends upon exhaust or extraction temperature. Thus the lower
the temperature in the district heating network, the higher the
power yield. This is illustrated in Fig. 2.
In the middle of the sixties attention became more and more
focused on the pollution of the air in many cities. It became
obvious that one of the most important factors was the individual
house heating installations. District heating gave a promise of
a drastic reduction in the pollution from heating sources through
the conversion from a number of surface sources to one point
source, which could be provided with a sufficiently high chimney
to virtually eliminate the pollution caused by heating. Fig. 3
gives an example of the improvement achieved.
In the beginning of 1970 and in particular from 1973-74 onwards
the energy conservation aspect of district heating became
emphasized. The higher efficiency with district heating, 80-85 %,
compared with efficienciesof 50-65 % with individual heating now
became very important. No less important was the potential offered
by district heating for highly efficient co-generation of power
and heat with an efficiency for the production of electricity more
than twice as high as the attainable efficiency in a normal station.
During the last years great interest has also been shown in district
heating because of its versatility. Various alternative energy
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energy sources can be used to feed a district heating system
in a more cost effective way than if they are applied individually.
For example, solar heating in a northern climate requires seasonal
heat storage. The only form of heat storage for which the technology
today is reasonably developed is storage in hot water. This requires
very large units to be profitable which can only be found in
connection with hot water district heating systems.
As will be elaborated later, for some new energy sources it is
important that the temperature level of the heat supply is kept
as low as possible. How can this be accomplished within an existing
district heating network? The first prerequisite is that it is a
hot water system. Experience from energy audits shows that in most
bu1ldings there is for various reasons a considerable waste of
energy. A decrease in the energy consumption of approximately 20 %
is by no means unrealistic. 20 % reduction in energy consumption
means that the existing equipment can transfer heat at a lower
temperature difference. All in all it appears possible through energy
audits and conservation measures to decrease the temperature level
in the system network by approximately 20° C (360 F). Thus the road
to new sources of energy starts with energy conservation.
In the following, the use of coal, biomass, waste heat pumps and
solar energy will bediscussed. As an example of the possible
applications to a district heating system, actions and plans for
the Uppsala district heating system will be described.
Coal is like oil not a renewable source of energy. However, it is
inlikely that we can fulfil the considerable demands placed on
reduction of oil dependency without using coal as a primary source
of energy to some extent in district heating plants.
There are two main problems associated with the introduction of
coal in Sweden. Firstly, our infrastructure in the energy sector
is based on fluid fuels, and secondly we have high demands on
environmental protection. A minor number of the larger combined

4

power and district heating plants in Sweden are built so that they
can be converted for coal. However, in many places it is almost
impossible to convert existing plants for coal and in addition
there are many different reasons why it is particularly difficult
to obtain political approval of a newly built coalfired heating
plant or a coal-fired power and district heating plant. In addition
our enviromental requirements imply demands on units for cleaning
flue gases, especially in larger plants. As the load factor for
base load production of heat is normally below 0,5 the flue gas
cleaning will not be particularly cheap.
One way ~o avoid these problems is to attempt to make the coal
liquid in the form of a coal-liquid mixture. In this way it is
possible to simultaneously clean the coal. Fig. 4 gives a survey
of the production of a number of different coal-liquid mixtures.
The technique that is closest to commercialization is combustion
of coal-oil mixtures, or what we in Uppsala call "kolja". Earlier
we have used about 1000 tons coal-oil and have recently started
a long-term test. We believe that we shall be in commercial
production with a coal-oil mixture in 1984 but the final objective
is a coal-water mixture which should be attainable during the late
1980-s.
As opposed to coal, biomass is mainly a renewable source of energy.
Fig. 5 shows the result of a survey made for Uppsala municipality.
The figure 1600 GWh should be compared with the total heating
requirem~nt within Uppsala, ca 2000 GWh. The situation is probably
similar in most municipalities in central and southern Sweden,
apart from the large cities and in the southernmost province
of Sk4ne. The figure should not lead to the conclusion that it is
possible to achieve an 80 % proportion of bio-fuel. There are many
problems connected with the handling of all bio-fuels. Our own
opinion is that 20 % is a reasonable proportion of bio-fuel. In
the long run we believe that peat will be the cheapest, that it
will always be possible to obtain a certain amount of forest
energy, and that the possibility of using straw should by no
means be underestimated.
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An important source of energy is domestic refuse. We have
incinerated refuse since 1960 and have recovered energy in
the form of steam delivered to neighbouring industries.
Recently we have increased the utilization of the plant and
npw have a surplus that we convert to district heating. In
addition, we have supplemented the ash treatment so that we
can recover the scrap out of it. Fig. 6 illustrates the plant
in cross-section. In order to make a refuse incineration plant
economically profitable it is essential. that there is a real
use for all heat produced. Thus, an industrial load that is
constant throughout the whole year is needed, as well as a
sufficiently large district heating network so that if heat
is delivered to it, the heat requirement during the summer,
i.e. , mainly hot water, is larger than the heat surplus from
the incineration plant. In addition, refuse incineration requires
good flue gas cleaning, at least in the form of an electro-static
precipitator, which is expensive in small units.
Despite our attempts to reduce the temperature level, there is
in many heat sources not a sufficiently high temperature. In
order to use these a heat pump is needed (Fig. 7). The source
that is perhaps closest at hand is sewage water. Fig. 8 shows
the temperature of the cleaned sewage water in Uppsala which, as
can be seen, never falls below 100 C (50° F) and is, on average,
about 14° C (57° F). Here the heat can be made use of with a heat
factor in excess of 3. We have decided to build a plant of this
kind which will come into operation in late 1982.
During the sununer most surface water has a temperature of about
20° C. However, it is in the winter that we need heat and then
it is much more difficult to obtain heat from surface water.
Even if water is taken from deeper parts of a lake so that the
temperature is at least 4°, there is a considerable risk of
freezing in the heat exchange unit. This implies either that
very small temperature differences must be used which means an
expensive heat exchanger, or that it must be designed so that
it produces ice. An alternative line of development appears to
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be to attempt to store heat from summer to winter, for example
by heating a layer of rock or soil during the summer to about
20° C (70° F) and extracting the heat during the winter. We are
studying solutions of this kind in a number of smaller districts
in the municipality but we really only calculate with one important
contribution from heat pumps, namely pumps taking their heat from
the cleaned water at the sewage works.
In our situation, following the accompl_ishment of the measures
described above, the heat balance in 1985 might be as illustrated
in Fig. 9. Measures already decided upon, i.e. mainly waste heat
and refuse, correspond to 34 %.
A certain part of solar heat is present i~ the heat balance.
The conditions for solar energy are sunvnarized in Fig. 10. There
is only one thing that is wrong woth solar energy, namely that
it costs too much. However, we ~eleive in a development that will
make solar energy competitive in the 1990-s but this means that
already today we must consider how we are to use it. We must be
able to reduce the temperature levels, we must reserve space for
solar collectors and we must learn to deal with many new problems.
The large-scale experiments that have been made in Sweden have
also demonstrated that solar energy is associated with a number
of problems. We intend to cunduct a larger experiment comprising
delivery of solar energy to an area of 500 appartments. We will
build a rock cavern for storage from sunvner to winter corresponding
to 100 % coverage with solar energy. However, initially we will
only build a smaller part of the necessary solar collectors (15 %)
and simulate the rest of the supplied energy by means of electricity.
Later we wi11 build further solar collectors but this will require
a favourable price development. We consider it as a reasonable
development goal that solar energy collectors fitted and installed
ready for use should have an establishment cost of 20 c/collected
kWh per year. We should be in this range some time during the 1990-s.
However, during the 1980-s it would appear that solar energy will
not be of any particular importance in our energy balance.
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