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Fig. 3—Turbine arrangement.

lated by a computer programme which optimizes transport temperatures,
velocities, number of pumping stations along the line, etc., as a function of
transport distance and system size. At the source, heat costs are low, as ex-
plained previously, the cost being caused mainly by the sacrifice of some elec-
tricity and some necessary terminal equipment. Depending on system size,
transport over 30 to 140 km (20 to 90 miles) can be justified, as compared to
local production of heat from oil at world market prices, though a more limited
range is illustrated by the two examples represented in the Figure.

Technology of Current Heat Distribution Schemes
PIPE TYPES

The primary system for hot water distribution in Sweden consists, in most
cases, of externally insulated underground steel pipes; protected against ground
moisture by concrete ducts with rectangular cross sections for the largest
dimensions, concrete or asbestos round ducts for intermediate sizes, and lately
by plastic protection pipes for the smallest sizes as illustrated in Fig. 9, a
through d.

Hot tap water is usually produced by separate heat exchangers between
the primary water and tap water in each house, often in combination with a
small hot water storage tank. The hot tap water systems use copper to resist
corrosion from oxygenated water.

Lately, attempts have been made to reduce the costs of water distribution
to estates of small houses by using common heat exchangers for the entire hous-
ing estate of 100 to 200 houses, and distributing heat from these heat exchangers
at the lower temperature and pressures of the secondary systems.
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District Heating Data for Some Western European Countries With Highly Developed Systems

Item

. Population

. Number of heat utilities

. Heat supplied by district heating stations
. Total connected heat load

. Maximum heat demand during year

(4-hour period)

. Annual utilization period

a. network =(3)/4)
b.genplant  (3)/(5)
Length of networks

Back-pressure electricity production
Installed back-pressure capacity
Ratio, el/heat (4)/(3)

Average efficiency

a. electricity generation**

b. overall, all plants

Percentage of houses connected

a. in cities with district heating schemes
b. in whole country

Source for information (Ref. No.) and
year for statistics

Other European countries with important

district heating networks

TABLEI

millions

GWh(t)/yr
MW(t)

MW(t)

hours

hours

km

kw/m
GWhy(e)/yr
MW(e)

%
%

%

1974 (1973)
All East European countries; Belgium, Denmark, France,
Austria, Switzerland (+ UK and a few small schemes)

Germany Sweden
62 8
109 (16)* 50 9)
42 300 16 200 (10 600)
22 300 9 300 (5 760)
9200 6 500 (3 500)
1450 1750 (1 840)
3520 2 500 (3 020)
5100 1960 (1 320)
4.4 4.7 (4.4)
(4 476)* (2 690)
1450
(0.25)
20
80
1 (2) 1 3 2

74/75, 73/74 1973

*Refers to heat utilities forming part UNICHAL, i.e., the International Organization of District Heating Ultilities.
**Electricity produced by back-pressure generation/Heat in fuel consumed by stations having back-pressure plant.

Finland
4
29
6 800
4221

1620

906
4.7
2623
473
0.39

38.6

14.1

1
1974
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Q. heat rate delvered to district heating network

0‘ 25 AP= loss of electricity due to extraction or back pressure gperation
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Water Steam

Fig. 4—Electricity sacrifice (AP) due to reject heat utilization (Q,,) at various temperatures.

CHOICE OF WATER TEMPERATURES

The original choice of water temperatures on systems using heat-only boilers
was somewhat arbitrary. An increase in water delivery temperature increased
the temperature difference AT between delivery and return, thereby reducing
necessary pipe dimensions. However, an increase in temperature and the cor-
responding increase in saturation pressure also created more stringent quality
requirements. Thus, it was found that on small systems, transport at typical

Fossil fuel supply
Electricity to network + X
a
A
\/ Load area
{various
secondary heat
NV " systems)
v v v
Heat condensers|
)

N\

Nuclear or fossil
steam supply system

Fig. 5—Simplified system considered to study influence of different parameters.
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Fig. 6—Heat load duration, load allocation and water temperatures under typical condi-
tions in Sweden.

secondary system conditions (about 80 C [176 F|] maximum delivery tempera-
ture) was justified.

On larger systems, however, where longer pipes were involved, primary
systems at maximum 120 C (248 F) delivery temperature gave better economy,
as a result of the reduction in pipe diameters. The introduction of combined
heat/electric stations provided a conflict between the incentive to keep down
temperatures in order to increase electricity production, and the incentive to
increase temperatures to keep down the costs of the pipes, which became in-
creasingly important as systems grew. These conflicting incentives roughly
balanced and, thus, 120 C (248 F) was retained. Although some optimization
studies on this subject were made, the choice was governed more by the ad-
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Fig. 7—Conventional and new pipes for large scale transport of hot water.

vantages of adhering to a standard, once this had developed. In countries not
using combined heat/electric stations, design delivery temperatures higher
than 120 C have become fairly common.

With regard to the water return temperatures, the contractor installing
equipment in houses tended to prefer high values, as this reduced the heat
transfer surfaces needed between water and air in the houses; whereas the
district heating authority preferred low values, as this reduced the necessary
size of water mains and slightly increased the electricity production when two or
three pressure steam extractions (or back pressures) were used for the turbines.
To make these interests coincide, the district heating authority should offer
tariffs which give a bonus for reducing the return water temperature; a fact
which, however, only a few of the district heating authorities have put into
practice so far. The Stockholm Energy Authority is one of these.

OPERATING EXPERIENCE

Water systems provide potential corrosion problems which, if ignored, can
lead to damage of mains. On the whole, however, the experience in Sweden
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Fig. 8—Total cost of heat delivered for different maximum system heat loads. Conventional
pipeline technology.

where the responsibility for the primary systems has been in the hands of the
sizable engineering organizations of municipal energy authorities (or for
smaller authorities, their consultants) has been good. Some main failures
occurred in the early years, due to infiltration of ground water through the
protection culverts and ducts; but by successive introduction of better engi-
neering designs of joints, better drainage facilities, replacement of expansion
bellows by expansion bends, etc., these problems were largely overcome. When
they did occur, they were rapidly repaired. By now experience is very good
with very infrequent failures. The larger mains are often connected in the form
of ring mains or double mains, allowing alternative supply around any main
section which develops a fault.

In some other countries where a greater proportion of small schemes grew
up which could not afford competent engineering organizations, the experience
has been less satisfactory, with rapidly increasing frequency of mains damage
due to corrosion until, in some cases, the systems had to be replaced. By now,
however, this is well understood and, thus, this type of problem is greatly re-
duced. Increased attention to equipment and installation inspection has con-
tributed to this.

The secondary water systems have generally been the responsibility of the
heat consumers. As the consumers’ resources were often smaller than those
of the energy authorities, problems occurred more often under unfavourable
site conditions; e.g., in waterlogged soil, where an imperfectly made joint of
a protection pipe, or damage to that pipe caused by ground movements, could
cause infiltration of ground water and corrosion of steel pipes. This is one
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Fig. 9—Conventional distribution pipes.

reason why some small housing schemes have recently changed to copper dis-
tribution pipes of the type shown in Fig. 9d, despite the higher cost of copper.
The corrosion resistance of copper to ground water justified, in these cases,
the extra expense. This has also promoted rapidly awakening interest in the
equally corrosion resistant but cheaper plastic water pipes, to be discussed
later.

ANA

< ]
= T Radiators
TS ]

Hot tap water

IR s
4 ¥ _ Cold tap water ‘r
From primary syst T v
p ry Iys em 60°C
d I < <

1 Cold make up water

Fig. 10—Combined space heating on hot tap water system.
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Newer Distribution Technology

Fig. 10 illustrates some of the techniques which have been or are being de-
veloped to further reduce the costs of the secondary distribution system, es-
pecially when applied to low heat density housing districts. These secondary
systems are separated from the main systems by a heat exchanger, and can
therefore be dimensioned for lower temperatures and pressures. Up to now,
80 C (176 F) delivery temperature has been used, and about 60 C (140 F) re-
turn temperature (radiators for space heating), but in the future lower tempera-
tures also could be of interest. For instance, one can supply some new housing
districts mainly from return water (at least on the coldest day) from existing
housing districts. This allows additional suburbs to be connected without
reinforcing the primary system, thus saving primary system costs. In addition,
the temperature of the water returned to the heat/electric station is lowered,
slightly increasing the electricity production.

PLASTIC PIPES

Fig. 9, b and ¢, shows two conventional designs for underground metal
distribution pipes. The metal pipes have to be surrounded by insulation and
must be kept dry by a protective culvert of plastic or asbestos; and separate
pipes must be used for the space heating water and hot tap water, as the make-
up for the hot tap water contains oxygen which would corrode mild steel radia-
tors and other steel components. Thus, the hot tap water systems are generally
made of copper. In certain cases only steel pipes are used for the underground
distribution, and hot tap water is generated in the individual one-family houses
by individual heat exchangers and hot water storage tanks, but this additional
equipment is also expensive.

Fig. 11 shows, for comparison purposes, newer proposals for using plastic
pipes. Only two plastic pipes, for instance, of cross-linked polyethylene, are
needed, and these can be delivered on drums in 100 to 250 m lengths, and then

Plpe of temperatu '
reswtent plastic eg.

b) Plastic pipes (PEMX) with factory added
a) Plastic pipes (PEX) mounted in pre-fabricated insulation blocks (Wirsbo cellular insulation in corrugated polyethene
bruk) protection pipe (Gringes Essem)

Fig. 11—Swedish plastic pipes for secondary distribution.
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Fig. 12—Comparison between costs for underground plastic pipes and conventional metal
pipes, including installation and fittings.

be layed directly into a trench. The insulation can either consist of prefabri-
cated blocks of cell plastic (which is reasonably resistant to water) or rock
wool, and laid into the trench (Fig. 11a); after which the plastic pipes are laid
into the grooves of the blocks, the covers are added and the trench is refilled.
As an alternative, the insulation can be put on by the manufacturer (Fig. 11b),
in the case of small bore pipes, and protected by factory mounted corrugated
sheets of polyethylene for the aqua warm ducts (Fig. 9d).

In either case it takes only about one hour to lay some hundreds of meters
of twin plastic pipe, compared to the much longer time with conventional
techniques which require welds and careful joints for short pipe lengths.

In addition, the use of plastic pipe eliminates the risk of corrosion damage
from ground water, to which steel pipe is susceptible; e.g., when ground move-
ments damage the protective sheets, or when joints in the protective sheets
are improperly made.

The warm water pipes can be laid in the same trenches as drain and cold
water pipes, usually without increasing excavation costs, as a minimum width
of trench is needed to allow the use of economical excavation machines.
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Fig. 13—Radiator of plastic tubes (Studsvik).

Fig. 12 compares the costs of conventional twin metal pipes with those for
twin plastic pipes, according to pipe diameter. The costs include pipe laying,
materials and fittings. The new types achieve about 40% of cost savings when
the same number of pipes are involved. When a two-pipe plastic pipe scheme
replaces a four-pipe metal pipe scheme, the savings achieved are, of course,
still greater.

Some words of caution are, however, also necessary. Plastic pipes allow some
diffusion of oxygen, to a degree, depending on the type of plastic used. This can
cause corrosion of mild steel surfaces (e.g., existing radiators) when connected
to long plastic pipes in the presence of corrosive waters. In such cases, additives
to the water may be necessary. For new houses, mild steel radiators can be
avoided, as discussed later.

Plastic pipes of cross-linked polyethylene have been used indoors for a number
of years. Underground pipes using the culvert-type (Fig. 11a) were installed in
a fairly large one-family house district in Vixj6, Sweden in 1974, Experience
has been good.
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Fig. 14—Hot air heating scheme for one-family house.

COMMON SPACE HEATING AND HOT TAP WATER SYSTEMS

If a common system for hot tap water and space heating water is used, as
shown in Fig. 10, only two pipes are required for each house, and individual
heat exchangers for hot tap water are avoided. This further reduces costs by
substantial amounts. In such cases the entire system must be made of materials
which resist corrosion from oxygenated water. For that reason, the plastic
radiator, shown in Fig. 12, was developed at Studsvik, and early variants of
this have heated one of the office buildings there with a combined space heating
and hot tap water system, since 1973. Results have been very good. Also, a
small housing district has been supplied with such radiators. The plastic pipes
for the circuits can be drawn through empty channels in houses, when the
house is complete, employing a technique used for electric cables. Alternately,
the plastic pipes can be laid near the bottom of the room walls behind a
skirting, as shown in Fig. 13. The plastic radiator (Fig. 13) has a very low
“marginal cost” with respect to increasing the surface, as this is done by adding
a few turns of plastic pipe to a given frame. As a result, such radiators are also
very suitable for systems with low water temperatures which require large
surfaces.

WARM AIR AND FLOOR SCHEMES

Warm air schemes can be used to achieve even lower return water tempera-
tures than radiator schemes, as the heat transfer surface has forced circulation
on the air side and, therefore, very high heat transfer coefficients. Thus, the
effect of low water temperatures on the required additional heat transfer surface
is small.

Fig. 14 shows a warm air scheme for a new one-family house connected to
a secondary distribution system, run at so low a temperature that it can be
supplied mainly from the return water side of primary systems. This allows
a partial series connection between existing housing estates, giving somewhat
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Fig. 17—Rupture stress/time curves for cross-linked polyethylene pipes (PEHX, PEX)
compared to a linear material (PEH). There is no sign of a “knee” point for the cross-
linked material.

warmer return water; and new housing estates, giving very low water tempera-
tures, where the geography is suitable for such arrangements. Within the house
the warm air is distributed by hollow prefabricated prestressed concrete beams,
which results in warm floors responsible for 60 to 70% of the heat transmission
to the rooms. The remainder reaches the rooms by the warm air through ad-
justable slits under windows.

84



RO/

;:71?"«": T G s
2330 9N Y SesSaid Well drained fill

Thermal insulation

Non corrosive pipe

Drain pipe

Fig. 18—Non-corroding pipes laid in the ground (insulated plastic or prestressed concrete)
without protection culvert (tests in progress).

In other cases where only some new buildings will be built, intermingled
with existing buildings, floor heat schemes with plastic pipes (Fig. 15) also
allow individual houses to be heated mainly by return water. The additional
reduction in system return water temperature achieved by such means can
give considerable net benefits on regional schemes, as these have long and com-
paratively costly pipes.

APPLICATION WITH HEAT PUMPS

The techniques described above are suitable also for more isolated, one-
family house districts, far removed from large district heating networks. In
such cases, a single central heat pump backed up by a peak load and reserve
fossil fuel boiler can be used, as shown in Fig. 16. Central heat pumps are much
cheaper per kw than individual ones, and their efficiency ratio is higher. This
ratio should be kept as high as possible by using low-temperature water, e.g.,
normally below 50 C (112 F), and topped a little by the peak load boiler during
the coldest part of the year. The low specific costs of the plastic pipe systems
described above, even when very low water temperatures are used, make them
very suitable for such applications.

Where cheap off-peak electricity is available (e.g., on systems having greater
nuclear generation capacity than the night load electricity requirements),
central electric boilers heating an unpressurized hot water storage tank can
be an alternate heat source, for night use.

SUPPORTING DEVELOPMENT WORK

Before new materials and systems are introduced, careful development and
testing work is needed to ensure that no problems will occur later in practice.
For the plastic warm water pipes, extensive laboratory long-term tests are in
progress at the Studsvik Research Centre, and Fig. 17 gives examples of data
obtained. The curves marked ‘“PEX” and “PEHX? relate to data on two vari-
ants of cross-linked polyethylene made by two Swedish manufacturers, which
have relatively flat characteristics; i.e., relatively small reductions in rupture
strength with increasing exposure time.

Also, the influence of temperature is comparatively small in the range of
interest for secondary systems. For comparison purposes, some curves for
ordinary polyethylene are shown in the same diagram. These show a much
more rapid deterioration in strength as a result of exposure time, and a ‘“‘knee”
at a certain point where ductile rupture changes over to brittle rupture. Tests
of this type in which creep is sometimes accelerated by the use of higher than
service temperatures can, together with appropriate margins of safety, give
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a. Fiberglass insulated pipe, 500 mm diameter for hot long-term pressure test
(Studsvik).
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b. Prestressed concrete pipe with five joints prepared for hot long-term pressure
test (Studsvik),

(Please see page 87 for Figs. 19¢ and d.)

Fig. 19—Development of new non-corroding pipe types for regional networks.

86



Pipewall

c. Joint for fiberglass mounted pipe.

LT T2
_,%p(;@ At 0%5 =)

5O
QBOQ
%..Q 00!

d. Joint for prestressed concrete pipe.

reliable design stresses, even though the testing times are as yet well below
those for actual service.

Of course, many more properties than creep, strength and ductility have to
be checked. Another programme at Studsvik checks the effect of long-term
exposure in hot water with various corrosion inhibiting additives, on the dura-
bility of the stabilizers in the plastic pipe material, and the effect of a gradual
consumption of stabilizers on the creep strength. Results available indicate
that the cross-linked polyethylenes tested have very satisfactory behaviour in
all these respects. Other tests measure oxygen diffusion through pipe walls,
and the influence on metals in the circuits under various water chemistry condi-
tions. Water chemistry experience is also followed up in pilot schemes such as
the Studsvik Office Building, with its combined space heating and hot tap
water system with plastic pipes and radiators.

At present, a field testing programme is being prepared at Studsvik for
evaluating and comparing the properties of about ten types of conventional
and new hot water culverts. They will be exposed to external ‘“‘drowning” for
specified times, simulation ground settings, pressure and temperature tran-
sients, etc. This will help to provide a basis for judging the various types, and
for further evolution of the designs.

Larger Pipes

Whilst the present paper is concerned mainly with distribution systems
using fairly small diameter pipes (currently up to about 110mm [24.5 in.]
diameter) work is also in progress at Studsvik for newer types of large pipe.
In this case, non-corroding pipes are used, to allow them to be put directly
into the ground, as shown in Fig. 18. Two types of pipe are currently under-
going tests, one using fiberglass insulated plastics; the other prestressed con-
crete protected on the inside by a plastic or plastic-concrete liner. In both cases,
the pressure pipes are surrounded by a factory mounted insulation not damaged
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by moisture. Fairly short lengths (5 to 8 m) are used, with sliding joints to absorb
thermal expansion. Fig. 19 shows photographs from tests under progress with
0.5 m (20 in.) diameter pipes, and the principles of the sliding operation joints
which use sealing rings of special quality rubber. The aim of the current test
programme is to demonstrate behaviour and properties for water temperatures
up to 100 C. Tests at pressure up to 60 bars (850 psi) at 95 C (204 F), which is
well above the working pressures of about 10 bars (140 psi), have been in pro-
gress since December 1975, and will be supplemented by accelerated tests
at higher temperatures. Results obtained so far are promising.

Non-corroding pipes of the types described above can also be used for the
““one-way”’ transport of heated river, lake or sea water, which can be discharged
at the receiving end after delivering as much heat as possible to the district
heating scheme.

Concluding Remarks

District heating systems are growing quickly in many European countries,
and are expected to play a vital role in improving fuel conservation and environ-
ment, particularly when using reject heat from generating stations or indus-
tries. One of the important tasks is to make heat transport and distribution
so economical that even networks far from the reject heat sources, and con-
sumers in low heat density housing districts, can be connected. This paper
has shown how these tasks are being approached. Similar approaches may well
be applicable to low heat density housing in many areas of the United States.
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