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INTRODUCTION 

When district heating schemes started to develop, the 
main incentive was the higher efficiency of central 
boilers when compared to small domestic boilers. The 
central boilers could also use cheaper fuels. The reduc
tion in fuel cost had to pay for the distribution mains. 
Thus, economy was largely a function of load density. 

For space and water heating systems, energy is only 
needed at relatively low temperature-below I 00 C (212 
F). Still larger fuel savings could, therefore, be obtained 
utilizing reject heat from power generating plants. This 
leads to the introduction of combined power and heat 
plants, where hot water may be produced with a small 
sacrifice in electricity compared to a condensing power 
plant. Two factors tend to offset part of the economic 
gain of the large fuel savings: 

-The size of the combined plant is determined by the 
local heat load, whereas the condensing plant can 
benefit from economy of scale. 

-A more expensive network has to be developed, to 
collect the heat load from a larger district. 

In spite of this, district heating has proved to be 
economically sound. The fuel savings are substantial go
ing from the case illustrated in Fig. I to that in Fig. 3. 

Introducing district heating will also have a beneficial 
influence on the environment with regard both to air 
emissions and thermal pollution. Reductions in the 
amount of S02 and SOJ emitted to the air will be at
tained by replacing a large number of small boilers with 
a central boiler, due to: 

-Higher plant efficiencies which reduce the total 
amount of fuel burned. 

-Smoke released through high chimneys above any 
inversion layer. 

-Introduction of flue gas cleaning equipment. 
The low values for towns in Sweden with well 

developed district heating systems are very noticeable, 
as shown in Fig. 4. 

Over 40% of Sweden's total energy consumption goes 
to space and water heating. Currently, district heating 
provides about 20% of this demand. There are 50 district 
heating systems, with a total heat production of 18 TWh 
(65.10 15j); and a connected heat load of 10,000 MW 
(34,000 • 106 Btu/hr), the heat load increasing at a rate 
of about 12% per year. There are 12 systems using com
bined production of heat and electricity supplying 12 
TWh (43 • I0 15j) of heat, and 3.4 TWh (12 • 10' 5j) of 
electricity. There are also 14 refuse incineration plants 
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burning over 600,000 tons of refuse a year, equivalent to 
1.8 TWh (6.5 • I 0 1 ~) heat content. 

Total savings in fuel oil imports due to district heating 
can be estimated in the following way: 

I. 18 TWh of heat if produced in small 
boilers at, say 65%, overall efficiency 

2. 3.4 TWh of electricity if produced in 
oil condensing power plant at, say, 
40% overall efficiency 

3. Fuel oil actually consumed in the 
district heating systems 

4. Fuel oil savings 

*Million tons of oil equivalent 

Outline of Presentation 

2.4 Mtoe* 
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3.1 Mtoe 
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I. Explanation of the basic concept of district heating 
in Sweden. 

II. Step-by-step approach to constructing a large ef
ficient district heating network is discussed, using the 
fundamentals presented in Part I. 

III. Economic comparison of competing heating 
systems. 

IV and V. Discussion of the institutional framework 
and capital investment financing, based on II. 

VI. Summary of the potential for district heating in 
the United States. 

VII. Future of district heating is discussed, using the 
data in III and IV as the basis. 

Summary 

District heating, using hot water as a distribution 
medium, currently provides about 20 per cent of the 
Swedish demand for space heating and hot water. Sub
stantial fuel savings and reduced environmental impacts 
have been obtained, especially where combined produc
tion of heat and electricity is applicable. 

The paper describes the basic concepts of district 
heating in Sweden and shows how a large and efficient 
district heating network can be constructed in a step-by
step approach. An economic comparison is made, based 
on Swedish conditions, between district heating and 
alternative heat services. The institutional framework in 
Sweden and methods of financing capital investment are 
discussed. 
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Electricity 

Heat 

I. When individual houses, blocks of flats, and industries are each 
responsible for their own heating, and also buy electricity 
separately, overall fuel consumption is high. 

Electricity 

Heat 

Fuel saved 

2. A district heating hot water boiler plant saves a considerable 
amount of fuel and results in less air pollution. 

Fuel saved 

Electricity 

Heat 

Fuel saved 

3. Comhined productioR makes even better use of the fuel, and 
results in a considerable quantity of electricity as a by-product. 

Figs. I, 2, 3- Comparison of producing heat and electricity separately, 
and in comhination. 

A comparison is made between Sweden and the 
United States, in order to assess the potential for district 
heating in the U .S., and to discuss the institutional and 
political obstacles that stand in the way of its wider use. 

Finally, some future developments in the field of dis
trict heating are discussed, the most important being the 
use of heat from nuclear combined stations. 
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I. 
BASIC CONCEPT OF DISTRICT HEATING 

There are two different ways to distribute district 
heating-by steam or by hot water, and each has dif
ferent characteristics. Hot water is generally preferred in 
newer district heating systems, for practical and 
economic reasons. The disadvantages of steam systems 
are: 

-Limited maximum distribution range 
-Large temperature losses 
-Large water losses (especially when no condensate 

is returned) 
-Higher costs due to steam trap maintenance and 

corrosion of condensate pipe. 
When combined production is considered, the 

economic advantage of hot water increases, since more 
electricity is lost when steam is extracted. 

District heating in Sweden has always been water
based. Steam heating is, however, used within industry, 
in process plants for example. 

The temperature of the primary water delivered to the 
consumer sub-station is regulated as a function of the 
outdoor temperature between 120 C (248 F) and 80 C 
( 176 F) as shown in Fig. 5, which also shows the 
temperature of the primary water returned. The original 
choice of this maximum temperature was probably 
somewhat arbitrary. An increase in water delivery 
temperature increases the temperature difference 
between delivery and return, and reduces the necessary 
pipe dimensions. 

The introduction of combined heat and electricity 
production provided an incentive to keep temperatures 
down (to increase electricity production), and a con
flicting incentive to increase temperatures (as longer 
transport distances were needed); and since these factors 
roughly balanced, 120 C (248 F) was retained as a stan
dard. 

. The distribution pipes for the hot water are designed 
for temperatures up to 120 C (248 F), and pressures of 
10-16 bar (145-232 psia) . These requirements have led to 
the use of steel as the basic material. The steel pipes have 
to be protected against ground moisture. Large diameter 
(-0.5m) pipes are laid in prefabricated concrete ducts of 
rectangular cross sections. The pipes are insulated with 
mineral wool. The ducts are covered with reinforced 
concrete slabs and carefully waterproofed. The thermal 
expansion of the pipes is taken up by U-bends or natural 
bends. Smaller diameter (0.1 m) pipes are laid in asbestos 
or plastic covered insulated round ducts. These mains 
can be laid directly in the ground. Fig. 6 gives the ap
proximate costs for these pipes, and a cost breakdown is 
given in Fig. 7. It can be seen that a large proportion of 
the cost is due to civil works. This proportion varies 
considerably between newly developed areas and old es
tablished ones. Maintenance costs of the mains are 
about two per cent of the capital investment. Fig. 8 
shows a section of a typical street culvert in Malmo. 
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Fig. 4- Concentration of SO, in the air in some Swedish towns, 
February 1971. 

The supply of hot water to the consumer is done in a 
heat exchanger (sub-station) owned by the house owner. 
In this sub-station, heat is transferred to the household 
water, which usually consists of two systems-one for 
space heating and one for hot tap water. The principle of 
a sub-station is shown in Fig. 9. Supplies are metered 
either by heat integrating meters or by simple flow 
meters. The return water from the sub-station must not 
exceed a certain temperature. For groups of small 
houses, a common heat sub-station is sometimes used, 
with separate pipes for heating and hot water going to 
each house. Fig. 10 shows the approximate costs of a 
sub-station as a function of size. 

Plastic pipe which can be laid directly into grooves of 
insulation blocks in the ground, is a recent development 
in Sweden; and this reduces the cost of piping in one
family house districts. This technique, which is il
lustrated in Fig. l l, is now in the demonstration stage, 
with approximately 30 km of pipe in use. 

Hot water for a district heating system is currently 
produced in oil-fired heat-only boilers or in combined 
plants for heat and electricity. Production units can be 
built and fired wjth so-called alternative fuels . In some 
cases, the oil-fired units are supplemented by refuse in
cineration plants and, in one place, a multi-fuel fluidized 
bed boiler has been installed. This will give the system 
increased flexibility .' 

Heat-only boilers are used on smaller district heating 
systems. On larger systems, the heat load provides a 
basis for the __ combined generation of heat and 
electricity . All · systems with a heat load greater than 
-200MW (680 • 10~ Btu/ hr) have combined plants. 

The principal advantage of combined plants is il
lustrated in Fig. 12. In a condensing plant, for every 100 
units of fuel energy supplied, at best 40 units of 
electricity are obtained which have to bear the entire fuel 
cost. In a combined plant 100 units of fuel energy will 
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give approximately 31 units of electricity and 56 units of 
heat, which can share the fuel cost. The ratio between 
electricity and heat delivered to the district heating 
system is called the a-value. Since electricity is the most 
valuable product, a high a-value is desirable for some 
constant heat production . 

The principle layout of a combined plant, based on 
the steam cycle, is shown in Fig. 13. The turbine 
operates with back-pressure, which means that the 
steam expansion is terminated at a higher temperature 
than in a condensing plant. A pass-out turbine, where 
steam is extracted at a required pressure, can also be 
used . The hot water for the district heating system is 
heated in two stages at different temperatures. This gives 
a higher a-value compared to one-stage heating. 

Full electrical output is not available unless the heat 
load is equal to the capacity of the turbine. One way to 
get around this problem is to in.traduce a recooler, 
which artificially increases the heat load . The recooler 
will then take care of the seasonal heat load variations. 

The tern perature level of the system also affects the a

value as seen in Fig. 14. A low temperature means that 
more work can be extracted from the st..::am, since it is 
expanding to a lower pressure. 

The peak load on the system is usually handled by the 
hot water boilers only, which also serve as stand-by un
its. The current philosophy is to have a reserve for the 
largest unit on the system. Daily variations can also be 
taken care of by hot water accumulators. As can be seen 
from Fig. 15, the peak load accounts for a very small 
part of the total energy demand . 

As an example, the energy balance for the city of 
Linkoping is shown in Fig. 16. Linkoping has a popula

(Co111inued 011 /8 / 
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Fig. 5- District heating water temperatures under typical conditions in 
Sweden. 
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(Continued from 16) 

tion of about 100,000 people. District heating coverage 
is about 80 per cent. The diagram shows the heat flows 
for the district heating consumers only, while the 
electrical energy supplies the whole town . The amount 
of refuse generated per person, in a year, is approx
imately 300-400 kg. Such refuse may be used as a sup
plementary fuel with a heat recovery value in the in
cineration plant of about 0.5-0.8 MWh per person per 
year ( 1.6 - 2.6 • I 06 Btu/person/yr). Some electric 
heating is used for one-family houses . The overall ef
ficiency of the Linkoping scheme is very high (75%) 
when heat and electricity generation are considered. 

II. 
CONSTRUCTING A DISTRICT HEATING SYSTEM 

The relative economy of a district heating system in
creases with size, and it is essential to plan the expansion 
carefully so that capital interrsive equipment is phased-in 
at the optimum time. 

Using a step-by-step approach, district heating 
systems can be constructed quickly and with good 
economy. In Sweden, they have been constructed and 
completed to a connected load of 300-400 MW in a 
period of about five to ten years . The step-by-step ap
proach shown in Fig . 17, consists of three steps: 

Mobile hot water boilers are installed in some 
especially suitable areas with high load densities. 
The largest heat consumers are usually the first to 
be connected. These different heating areas, which 
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Fig. 6- Conventional hot waler distribution pipe in Sweden. 

can be characterized as "district heating islands," 
should, of course, be built with the same design 
temperatures, pressures, etc., to facilitate a later 
connection. Existing steam boilers can be attached 
with a steam/water heat exchanger. In old es
tablished areas with previous individual oil 
heating, mains could be laid through cellars and 
the oil boilers replaced by heat exchangers. 
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Radiography, electrical accessories, 
pipe flushing etc. 

Reinstating. 

Thermal insulation, work and material. 

Pipe fitting and material for fitments . 

Piping (steel pipes, complete ready-insulated 
steel/insulation/plastic pipes), fittings, 
bellows, manholes. 

Changes in other services. 

Civil work, trenching and re-filling. 
Material - concrete, reinforcement, 
falsework, bridgework, chambers etc. 

Fig. 7-Cost breakdown, per cent, for two types of heating main. 
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1. Gravel/sand layer 

2. Asphalt, Bitumen matting 

3. Concrete cover 

4. Service connection. Plastic culvert 
with mantle of PEH or PVC and insula
tion of mineral wool, polyurethane 
etc. 

5. Mains 

6. Mineral wood insulation with plastic 
film over upper half 

A Supply main. Max. 120 C 
B Return main. Max. 80 C 
C = Radiator system. Approx. BO C 
D = Radiator system. Approx. 60 C 

7. Pipe support: steel Joist, pendulum 
and support ring 

8. Steel pipe 

9. Supply main: 80-120 C 

10. Return main: 50-70 C 

11 . Prefabricated trough section of rein-
forced concrete 

12. Plastic drainage pipe 

13. Macadam 

E = Tap water. Max. 65 C 
F = Cold water. Approx. 5 C 
G = Heat exchanger: diagramatic 

Fig. 8- Section through a typical street culvert in Malmo, Malmo Technical Authority. (We regret that some of the abme referenced number~ 
and letters are not visible on the illustration, which was the only one available to us. Editor) 

2. Several of the "district heating islands" are in
terconnected, and a permanent central boiler plant 
is built to cover the needs of the interconnected 
area. Some of the smaller boiler plants may be 
retained for peaking purposes. Most of them are, 
however, moved to new "district heating islands." 
Eventually, the heat load built up will be in the 
order of 400-800 MW (1360-2720 • 106 Btu/hr), 
corresponding to the demand of 50,000 to 100,000 
people. It is of vital importance to have full con
nection within the area, to keep the specific cost of 
the network low. 

3. A combined plant is built to cover the base load 
requirements of the system, approximately 50 per 
cent of the maximum heat load, leaving the 
cheaper hot water boilers to cover the peaks and to 
act as a reserve to the main base load unit. The 
base load plant should be phased-in at a time when 
it can operate at a reasonable annual load factor . 
The load factor will then gradually increase as the 
system expands. 
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The motivation for a nuclear combined plant may 
arise when the heat load becomes large enough. Since 
nuclear plants will generally be located away from 
densely populated areas, an expensive regional network 
is required, the cost of which has to be balanced by the 
lower fuel cost of a nuclear plant. This is discussed later. 

III. 
ECONOMIC COMPARISON OF HEATING SYSTEMS 

The economic ana.Jysis in this section is based on 
Swedish conditions, and is thus not necessarily ap
plicable in other countries. Costs given are at mid-1975 
orice level ($1 = 4.5 Swedish Crowns). 

As an example, the total cost can be calculated in the 
following way for a district he~ting system: 

Production Costs 

I . Capital charges and maintenance costs c,n the 
central boiler plant at 4 $/ kW per year plus 20% 
for standby = 4.8$/ kW maximum demand per 
year and an overall generation · utilization period 
of 3000 full load hours/ year (gives 1.6 mills/ kWh 
of heat). ! Comi1111ed 011 :!:! 1 
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Room heaters 

Hut production plant 

120°c 

&0°c . 
Fig. 9-Connection of consumer sub-station to primary system, principal 
outline. 

2. Fuel costs assuming a boiler efficiency of 90% and 
heavy oil ( = world market price + local cost of 
transport and national and local storage) of 
$8.8/Gkal (gives 8.4 mills/kWh). 

(I) + (2) = 10.0 mills/ kWh of heat. 

Distribution Costs 

3. Capital charges and maintenance costs on network 
worked out a 7$/kW per year (10% of capital in
vestment) and 2500 hours/year mean utilization of 
the network (gives 2.8 mills/kWh of heat for high 
density areas). 

4. Cost of 6% heat losses at the same price as (I) and 
(2) but 5000 hours/year heat loss utilization (gives 
0.3 mills/kWh of heat). 

5. Cost of pumping power and pumping stations 
taken as 15% of (3) (gives 0.4 mills/kWh of heat). 

(3) + (4) + (5) = 3.5 mills/kWh of heat. 

The total production and distribution cost in this case 
is 13.5 mills/kWh. In practice, cost can differ widely 
depending on load density and local conditions. This is 
illustrated in Fig. 18. The effect of load density and con
sumer size on network costs is calculated using formula·e 
developed by Netzler (Vasteras, Sweden). 

For comparison purposes, the cost of heat from in
dividual boilers is also shown by the broken curves. The 
individual boilers cannot compete with central district 
heating boilers in the apartment house districts or in the 
denser one-family house areas. In the less dense one
family house areas, they can, on the other hand, 
compete. 

Comparing cost characteristics, it is also seen that 
electric space heating is out of the question in apartment 
house districts, but that it can compete in the lower den
sity one-family housing districts. 

In countries using natural gas as fuel, the difference 
between performances of central and individual boilers 
would be less than in the case of fuel oil, and also the dif
ference in fuel prices· wouid disappear. Especially·when 
the gas distribution network already exists, district 
heating by heat-only boilers is, therefore, in a weaker 
competitive position in such cases. The discussion in 
this section has shown that already district heating 
schemes supplied by heat-only boilers are competitive in 
all except one-family house districts with large lots, 
when oil at world market prices is the fuel. Newer 
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developments will tend to extend the economic field of 
application even to these latter schemes, where 
electricity is the main competitor today. 

When combined production of heat and electricity is 
introduced, the competitive position will be still .better. 

Apart from costs, the effect on the environment is be- . 
ing given stronger consideration in most cases as time 
passes. In Sweden, it will be impossible in the ru·ture to 
meet air quality regulation with individual oil-fired 
boilers in the large cities. District heating boilers protect 
the near environment with high stacks and flue gas 
cleaning arrangements. This environmental considera
tion would not, however, apply in countries where· the 
fuel is natural gas. 

Electricity is even kinder to the near environment, but 
it is wasteful on overall fuel requirements and causes 
thermal pollution. 

Given an overall acceptance of nuclear energy, the use 
of nuclear district heating should be the best solution for 
the environment avoiding, as it does, all low level or 
high level air polluton by combustion products and in
creasing the efficiency of fuel usage. 

$/kW 

500 1000 2000 3000kW 
Fig. IO-Sub-station capital cost as a function of unit size. 

IV. 
INSTITUTIONAL FRAMEWORK 

District heating schemes in Sweden are usually owned 
and operated directly by the municipality. This is 
natural since the municipality is responsible for other 
activities such as the planning of houses, industries, 
streets, water supply, and sewage disposal systems which 
have a close connection to district heating. This can be 
exemplified by the building of common service tunnels 
for trunk mains which could also be used for electricity 
and telephone cables, water mains, and garbage collec
tion _ pipes. 
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Fig. II-Plastic distribution pipe mounted in prefabricated insulation 
blocks, Wirsbo Bruk. 

In the case of large systems with combined plants, a 
separate company is set up for the production facilities 
to gain flexibility. The heat is then sold to the municipal 
district heating system. These companies could also be 
set up by the municipality and a power utility. 

So far, district heating in Sweden has developed in a 
free market with negligible institutional influence. As a 
result of the fuel crises, a number of policy instruments 
have, however, been proposed to control the develop
ment and to p·ush the consumer in an energy conserva
tion direction. Two legislative proposals are of special 
interest. 

The first proposal [Ref. 5] deals with the possibility of 
cooperation between federal and local authorities in 
municipal energy planning. According to this proposal, 
local authorities will be required to prepare energy plans 
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Fig. 12- Energy flows in condensing cycle, and back-pressure combined 
cycle. 
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Fig. 14-a-~alue as a function of temperature for a 70 M w back
pressure turbine with two-stage heating. 

for their areas indicating which type of service is op
timum in each area, and these plans will be submitted to 
a national organization, for a check that overriding 
national considerations have been taken into account. 
The services include electricity distribution, hot water 
from mains and town gas (where applicable). 

The second proposal [Ref. 6] relates to a law which 
makes it possible to enforce full connection in an area 
where district heating is judged to be the best solution, 
when considering national as well as local interests with 
regard to both economic and environmental aspects. 

According to the proposal, the owner of a district 
heating system can request to have the system declared 
to be public. If investigations show that there is a need 
for the system from a public interest point of view, the 
National Swedish Industrial Board will approve this re
quest. An owner of a house within the district heating 
area is then entitled to be supplied by the network. The 
house owner is obliged to pay a fee, which, however, 
may not exceed the sum needed for covering the costs. 
The fees must also be split between the house owners in 
a fair way. 

With this law, it is possible to provide for the owner of 
the district heating system to have full connection to the 
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system in a short time, which can be of great advantage 
when retrofitting existing areas. 

The owner of the district heating system has to com
pensate the house owner for equipment which can no 
longer be used. Compensation is offered in the same way 
to house owners today. 

V. 
FINANCING OF CAPITAL INVESTMENT 

For residential houses financed by loans given by the 
Swedish state, a part of that loan is given to the district 
heating company as a connection loan, which is paid 
back to the house owner over a 30-year period. In some 
cases, the practice has been to collect the sum in the 
form of a fee instead of a loan. 

Federal support can also be obtained for energy con
servation in residential houses. This has positively in
fluenced the possibility of connecting houses in existing 
areas, where connection loans are not available. 

When connecting other types of buildings, no federal 
loans are available. Usually, the house owner is willing 
to give a loan to the district heating company cor
responding to his alternative investment for building an 
oil-fired plant. 

As an example, a district heating company with a con
nected heat load of 350 MW (1200 • 106 Btu/hr) serv
ing approximately 90,000 people, could have a financing 
structure of capital investment as follows: 

Loans from subscribers 
Self financing 
External loans 
Accumulated capital investments 

$40 million 

Per Cent 

35 
15 
50 

100 

The specific capital investment in this case is 
115$/ kW for district heating network and hot water 
boiler plants. 

The financing of combined plants is somewhat dif
ferent from the previous discussions. Because of the 
national importance attached to these plants, state loans 
and bonds are given, with a high priority. 

It can be concluded that the financing of district 
heating systems is a delicate matter, which .is intensified 
during the network's initial stage when it is not usually 
used to its full capacity. · 

VI. 
DISTRICT HEATING IN THE UNITED STATES 

A con:iparison of heat requirements for residential 
and commercial buildings in Sweden and the U.S. shows 
that even if the average climate in Sweden is somewhat 
colder than in the U.S., the heat consumption per capita 
in the U.S., is in many cases higher than in Sweden due 
to stricter insulation standards for houses in Sweden. 

This means that district heating should be competitive 
in many urban areas in the U.S. Despite this, district 
heating lias made only small progress. 
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Fig. IS-Annual heat load duration curve for typical Swedish conditions. 

A recent study [Ref. 7] discusses the prospects of dis
trict heating in the U.S. It is concluded that between 50 
and 55 per cent of the U.S. population could be served 
by district heating at the current economic levels dic
tated by foreign oil prices. This would save 1100 • 106 

barrels of oil per year and reduce foreign payments by 
$13 billion per annum. 

The reasons why district heating has not been in
troduced on a large scale in the U.S. are probably 
historical, as well as political and institutional. 

In the U.S., district heating was initiated by the use of 
steam from small electricity generating stations in the 
downtown areas. As fairly high-pressure steam is re
quired to obtain reasonable transport and distribution 
costs, the steam could do very little work in a turbine 
before being extracted for dispatch to the district . 
heating network. Therefore, it has not been found 
economic to ·adopt combined elec.tricity and heat 

(Continued on 26) 

Fig. 16-Energy balance sheet for Linkoping, 1974-75. 
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generation. Stage two, as described in Section II, has 
never been reached. In the U.S., this stagnation 
probably results from the introduction of cheap gas dur
ing the period between the two World Wars. For natural 
gas, the same type of fuel applies in both central and 
domestic boilers so that the advantages of central boilers 
are reduced. 

In addition to this, a number of political and in
stitutional obstacles prevented a large-scale implementa
tion of district heating in the U.S., for example: 

I. Existence of protective prices for domestic fuels, 
which makes measures for saving fuel less 
economic at the consumer level than at the 
national level (as the nation still has to trade sur
plus or deficiency in domestic fuels at world 
prices). 

2. Lack of mandate for any given type of organiza
tion to promote district heating when it is to the 
national advantage. 

3. Lack of measures which can ensure full connection 
to a district heating network, once it is decided up
on. 

4. Lack of priority on the capital market compared to 
other energy investments such as electricity 
generation, building insulation, etc. 

5. Historical prices for electricity not based on long 
term marginal replacement costs. 

Hot water 
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I 80~ 

Radiator :·11111(115,fS
, ~80'C 

Air heater f. 1.JtU r4lii!' 
I • 

~-----tg;;-
' Cold water --·- -~ 

Boller central 

DD DD D 

a a a a a 

a c; a a a 
a a o a a 

a a a a a 
a a DD D 

Boller central 

These problems are by no means insoluble, and im
portant steps have already been proposed in President 
Carter's energy plan (April 1977) to remove some of 
these obstacles. In addition, new mandates could be 
given to electric utilities to optimize not merely 
electricity production but the overall service of 
electricity and heat or to local authorities (as in Sweden, 
cf. Sections IV and V) to distribute electricity, heat from 
mains, and town gas. 

Laws can be devised to enforce full connection in an 
area where district heating is judged to be the best solu
tion (as described in Section IV). 

The above examples of proposals are no more radical 
than many which have been adopted for other services 
such as electricity supply or garbage disposal in most 
countries, or for activities which affect the environment. 
They are given to illustrate that, even where major ob
stacles exist, ways of meeting them can be found on a 
country by country basis. 

VII. 
NUCLEAR DISTRICT HEATING AND IMPROVED 
TECHNOLOGY FOR HOT WATER TRANSMISSION 

Preceding Sections have explained how the gradual 
growth and interconnection of district heating networks 
create conditions favorable to the construction of com
bined plants. With rising fossil fuel prices, the 
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economics of extracting heat from large central nuclear 
plants for regional district heating schemes have 
improved. 

2 1---..,., --,., --i-------l-....=,,,,ld-1---J.-l-~--:::::.i 12 

District heating, large consumers 

I 
Gross load density B, MW/km2 ( • Wlm21 

E connected heat load per consumer, kW 
B gross heat loading for a housing 

area including green areas separating 
smaller sub-areas, main roads etc. 
within the area, MW/km2 

b net heat loading for a sub-area with 
small houses, including smaller green 
areas, local roads etc. 

Fig. 18-Comparative costs of district heating and other heating services 
in Sweden. 

With some modification of the turbines, some or even 
all of the heat normally being rejected could be 
recovered and used for heating. In order to obtain water 
of adequate temperature, some electricity has to be 
sacrificed; but the sacrifice is small-one kWh electricity 
per five to ten kWh of heat made available for district 
heating, depending on temperature. Thus, this "reject 
heat" is very cheap at source-I /5th to l / l 0th of the 
cost of a unit of electricity. This would mean two to four 
mills/kWh of heat if electricity costs 20 mills/kWh; but 
as the big nuclear power plants have to be located at 
some distance from centers of population, significant 
heat transport costs have to be added to these low heat 
source costs. Thus, a large heat load has to be built up 
before a nuclear combined scheme could be introduced. 

The Agesta reactor, south of Stockholm, was the first 
reactor to supply a sizable district heating scheme. For 
ten years, this pilot scheme delivered IO MW electricity 
to grid and 70 MW of heat to the suburb "Farsta" of 
Stockholm, with a very good reliability record. Agesta 
was too small to give good economics, and was shut 
down in 1971. As the citizens of Farsta had become ac
customed to the smokeless nuclear heat, this caused 
many protests. (A map of the south part of Sweden is 
shown in Fig. 19.) 

28 

The existing nuclear station at Barseback already has 
two nuclear units and if a third one is added, the reject 
heat could supply the base heat load for four cities from 
Malmo to Helsingborg with transport distances of 20 to 
40 km ( 13 to 25 miles) as shown in Fig. 20. A scheme has 
been worked out in considerable detail, involving a pass
out turbine illustrated in Fig. 21. This could deliver 
about 950 MW of heat to the four cities. A rather high 
winter d~livery temperature of 165 C and return 
temperature of 70 C was selected for the scheme, involv
ing an electricity sacrifice of about one kWh of 
electricity per 6 kWh of heat. 

Another approach to nuclear district heating is to 
produce low grade heat directly, in smaller low
temperature reactors built close to smaller cities. As the 
conversion efficiency is nearly 100% (compared to 33% 
with electricity production), the heat at source should 
still be much cheaper than the cost of electricity (though 
not as cheap as reject heat); and heat transport costs 
may be smaller than for reject heat, because of the closer 
location to the consumers. The main proposal is an un
derground location, pool-type reactor. The design at
tempts to cope with all potential accidents without re
quiring any positive action of mechanisms, in order to 
increase the prospects of obtaining permits for urban 
location. Instead, an air lock holds back borated water 
during normal operation. Any accident such as pump 
failure or coolant overheating, causes the air lock to col
lapse and borated water to enter the core and shut down 
the chain reaction. 

The situation described above was just before the 
general election m September 1976. The election has 

(Continued on 30 / 
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Fig. 19- Possible locations for nuclear-based regional district heating 
schemes. 
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Fig. 20-Proposed district heating network from Barseback nuclear 
power plant. 

brought other political parties into power indicating a 
somewhat more cautious attitude to nuclear energy in 
the future, but a positive attitude to utilization of reject 
heat from existing and future thermal stations of 
various types. 

Low transport costs are essential for the economy of 
nuclear reject heat for district heating. Though much 
can already be achieved with conventional technology, 
strong incentives exist to reduce costs further. 

The basic principle is to use a pipe material which will 
not corrode when exposed externally to ground water; 
nor when exposed internally to hot, untreated river, lake 
or sea water. Examples of such materials are glass fibre 
reinforced plastic pipe with certain resins, prestressed 
concrete pipe with internal protective liners avoiding the 
leaching out of concrete by warm water, and certain 
composite pipe. All three are being tested at Studsvik, 
Sweden, in large-scale tests. 

The non-corrosion properties allow the pipe to be put 
underground without the protective culvert of concrete, 
and this achieves the typical cost saving as shown in Fig. 
22. 

It should be stressed that the schemes mentioned are 
tentative ideas, as considerable demonstration work re
mains to be done before large schemes could be 
launched based on this new technology. However, the 
experiments and demonstrations in progress in Studsvik 
have shown promising results; and soon, smaller 
schemes using industrial waste heat at somewhat lower 
temperatures could be initiated. (Continued on 32 ! 
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Fig. 21- Turbine arrangement proposed for Barseback scheme. 
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IDHA STATEMENT OF POLICY 

The International District Heating Association repre
sents those companies and individuals engaged in the 
concept of supplying thermal energy in the form of 
steam, hot water, and chilled water for heating, cooling 
and process use in organized communities. It represents 

the industry throughout the United States and Canada, 
and has affiliates throughout the world. 

The membership is involved in and greatly concerned 
with the most efficient use of energy, the plan.ning and 
development of central cities and other high density 
areas, the conservation and encouragement of invest
ment in the industry, and the protection of the environ
ment in an intelligent and rational manner. 

The IDHA, by the very nature of the industry, sup
ports clean air and protection of the urban sector 
because these efforts are best achieved by central energy 
distribution methods. it is opposed to an emotional at
mosphere in environmental matters resulting in un
necessarily costly, constrictive or ambiguous govern
mental controls. It supports safety programs that 
are proven concepts with economically justified benefits. 

The Association's objectives are to collect, coordinate 
and disseminate ideas and information on efficient 
methods of producing, distributing, marketing and 
utilizing central energy systems, and on the accounting 
and administrative methods employed in the industry; 
to advance knowledge and learning, and to stimulate in
vention and research; and to cooperate with other 
organizations and agencies by interchange of ideas and 
information. • 
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Engineers Argonne National 
Laboratory's broad range 

of energy-related R&D programs 
offers creative engineers high levels 

of technical challenge as well as solid 
potential for professional achievement. Staff 

requirements presently exist in the Department 
of Energy sponsored Community Systems 

Program. The objective is to develop and implement 
systems which meet the energy needs of communities, 

conserve energy resources, avoid dependence on scarce 
resources, are economically competitive with existing systems, 

and minimize adverse effects on the environment. 

To participate in development, 
analysis, & design of Integrated 
Community Energy Systems 
(ICES) 

Candidate should have an MS/PhD or equivalent in Mechanical 
or Power Engineering, or Energy Sciences, 5 years of experience, and the 

ability to develop and analyze systems involving cogeneration, cascading, 
total energy, and similar conservation approaches. We prefer individuals with 

experience in electrical power plants; central heating and cooling plants; steam, 
hot, and chilled water distribution systems; load analysis and forecasting; combustion 

equipment; or fuel systems analysis and design. Familiarity with computerized analysis 
and design procedures is desired. 

We'll provide fully commensurate salaries and outstanding benefits. Qualified candidates are invited 
to send their resumes including 

salary history to : Mr. R. Maxwell, 
Department EESJMC, Argonne National 

Laboratory, 9700 So. Case Avenue, 
Argonne, IL 60439 A ARGONNE NATIONAL LABORATORY 

An equal opportunity employer, m/f HDCPD 
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