











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 to 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
requirement 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 Skdne. 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.




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

now 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 102 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 summer 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 49, 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



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

200 ¢ (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 accomplishment 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 in the heat balance.

The conditions for solar energy are summarized in Fig. 10. There

is only one thing that is wrong woth solar energy, namely that

it costs too much. However, we Beleive 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 summer 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 will 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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Fig. 7b

HEAT PUMP

HIGH GRADE
ENERGY
i SN ENERGY TO

" |HEAT| B\ DISTRICT HEATING
| PuMP] S

T, %€ ,
WASTE HEAT
T, i€

Q, WASTE HEAT
+W_+ HIGH GRADE ENERGY
=Q, = ENERGY TO DISTRICT HEATING

COFFICIENT OF & = ENERGY TODISTRICT HEATING _Qz2

PEgS%RMANCE HIGH GRADE ENERGY w
(COP)




TEMP OF CLEANED WATER

UPPSALA SEWAGE WORKS

8 614

I‘F

\!\\\\\\\
\/ A’
/l/l HI"
1.2 7
\
\
e
\‘\l\ .r”'

“at

1979

1978

1977

1976

1975

1974



$COP

Fig. 7¢

COPvs TEMP OF WASTE HEAT

[ I T i Tt SO o

T, =TEMPOF WASTE HE
T,=DELIVERY TEMP

|
-

(@)
o
S
o8
S
S
8 1

70 80 90 100°F T




Fig. 9
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