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Dear reader,

The Executive Committee of the Implementing Agreement on District Heating and
Cooling is interested to improve the impact of the R&D activities and the effectiveness of

the programme.
For that reason the Operating Agent needs your support. May [ ask you to be so kind to
complete the following questionnaire and to sent it back to:

Novem BV

Attn. Mr. J.C. Resing
P.O. Box 17
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0 What are your name and adress
MName:
Adress:

0 What is your professional relation to the item of the repont?

0  How did you receive your copy of the repon?
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0 Do you appreciate the activities, described in the repon?

0 Do you have sugpestions for further dissemination of the results presented in

the report?
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0 Do you have any suggestions for further tasks, or comments 1o the activities of
the Implementing Agreement?
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SUMma ry

District heating pipelines with plastic medium pipes can of-
fer advantages in public supply systems with diameters less
than DN 100. The standard design with medium pipes of cross-
linked polyethylene PE-X (previously VPE] and polybutylene
(PB) seem to be suitable for loads of an operating pressure
of 5 bar and variable supply temperature up to 90 °C.

Pipelines with plastic medium pipes have brought cost advan-
tages of up to 40 % compared with today's standard design of
plastic compound jacket pipe with steel medium pipe. These
advantages vary considerably from manufacturer to manufac-
turer; they differ in the northern and middle European
countries considered here as a result of the level of the
civil engineering costs. Savings are a result of the fast and
flexible method of laying.

The low proportion of plastic pipelines in public district
heating networks is primarily a result of the gensitivity to
temperature and pressure and the lack of experience of the
longterm behaviour. The use of these flexible systems will
increase as long As the cost advantages remain and further
positive operational experiencesg are made and temperature/
pressure levels are decreaszed.
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Introductian
Ganeral

The medium pipe of a conventional distriect heating system is
made of steel since this material is particularly suitable
for withstanding thermal and pressure loads. Plastic medium
pipes can be more favourable than steel for small pipelines,
aven though they can only stand lower temperature and pres-
sure loads. The assembly procedure can be so advantageous
that cost reductions for pipeline construction result even
though the pipe material itself is often more expensive than
steal pipes. To reduce the high investment costs of pipeline
construction an attempt must be made to use these possible
savings to the full. They are offered in the area of small
Pipelines and service connections for nominal diameters under
DN 100.

Suitable pipeline systems with plastic medium pipes are being
offered for sale in all the countries being considered here
in Western, Central and Northern Europe, although not always
to the same extent. For this reason, a comparison of the user
practice and construction costs between the countries would
be worthwhile. The work is an extension to an IEA-report,
based on the status in 1985/86 [1] which concerned the
construction of pipelines in areas of low heat density. A
comparison of pipe systems on the market today with those
considered at that time makes the rapid development
experienced in this area quite clear. In fact, not one system
is still being offered on the market without changes having
being made. The many new developments mean that it may be
agssumed that there is still a considerable potential for a
further development of these systems.



2.2 Present Situabion

The status of the development teoday can be summarized in
three sentancesg:

l. The experiences made by the manufacturers and from ap-
plications have produced & positive effect on the market,
which has increased the expected turnover of established
manufacturers and has also attracted new suppliers.

2. Manufacturers and users are following difficult develop-
ment objectives. Plastic pipe systems will be open to
professional applications and manufacturers will be able
to increase their turnover only when all remaining ap-
plication problems have been correctly solved,

3. The turnover of pipeline material based on cross-linked
polyethylene is manytimes higher than the turnowver of
polybutylens systems.

These statements must be explained more in detail. The
established manufacturer of plastic systems assesses the
chances of these systems as positive, In addition, a
competent company from Switzerland, Kabelwerk Brugg, has
joined these suppliers and has introduced a new system, see
section 2.3. It is also interesting to note that manufactur-
ers of conventional systems, i.e. of plastic jacket pipes,
are increasingly extending their palette of products includ-
ing plastic systems, e.g. LOgstér and Dansk Rérindustri.
Wirsbo has even introduced a complete system although this
company already has a very high position on the market as
manufacturer of basic material.



Plastic medium pipes have been applied in a large number of
reference "networks" which, for several products, have
already shown periods of utilization of up to 12 years. It is
noticeable that the main area of sales is the small, house-
hold-oriented construction of pipelines which are served by
plumbers. In the case of professional pipeline planners of
the supply for communities, these systems have only been
introduced in isolated projects where this type of design has
been regarded as advantageous as a result of special
experiences with plastic or for reasons of intentional
industrial cooperations. In particular, the long-term
experience is not sufficient for district heating suppliers.
This point is dealt with in detail in section 4. In general,
it can be said here that the main problem lies in the
permeability of gases through plastics. Even if one regards
oxygen diffusion into the heating water as a problem that was
originally feared but which can be solved with today's
designs, the scientific discussion is being fed as a result
of the fact that even water vapour escapes. The supplier can
only expect frictionless sale of his products when this
guestion has been clearly answered and the new systems show
advantages when composed with the proved building
constructions.

A final decision on the advantages of competing materials
polyethylene PE-X (formerly VPE) and polybutylene PB cannot
be made. The decisive advantage of PBE lies in its weldability
which makes jointing easier. However, this advantage has
disappeared since the mechanical jointing elements for PE-X
are meanwhile regarded as reliable. The connecting strainers,
available today, have been c¢lassified both by the user as
well as the manufacturer as 2o reliable that they can be
buried in the ground. Further developments on these connec-
tors are no longer concentrated on a reliable function but on
reducing costs by means of saving material and simplifying
assembly.



2.3

Scope of the Task

The work presented here had the objective of describing the
systems which are offered today and to present the status of
development which they have achieved. Problems which still
hinder an unconditional application should be ocutlined. A
large part of this work is devoted to cost considerations
which compare which laying costs would be incurred by a
particular system in a particular country, see section 5.

In addition, this work includes a static consideration of the
life of plastic medium pipes. This was needed because of the
fact that system manufacturers were giving different load
limits for the same pipe.



Description of the Pipe Systems

Five pipe systems are available on the European market today.
The products are as follows in the order of their estimated

position on the market:

1. Ecoflex Manufacturer: Oy Uponor Ab
Ecoflex
P.O. Box 21

SF-15561 Mastcla

2. LR-Pex Manufacturer: Logstdr RoOr industri
Danmarksvej 11
DE-9670 L&gstdr

3. NTS-Ferwag-Flex Manufacturer: Brugg Kabel AG
Rohrsysteme
CH-5200 Brugg

4, Flexalen Supplier: Flexalen - Fernwlrme
systeme GmbH
Kaiserstr. 45
A-1070 Vienna

5. Wirabo - IM-RO-PEX Supplier: Wirsbo GmbH
Max-Nonne-Str, 47
D-2000 Hamburg 62

Although the manufacturers named deliver their complete pipe
system, they do not manufacture all components themselves.
The medium pipes are sometimes purchased articles, as are
pipe connections, welded fittings and other parts. The
largest supplier of the medium pipe for the systems is
Wirsbo. It supplies the PE-X pipe for the Ecoflex system, LR-
PEX and Wirsbe IM-RO-PEX. It is the same product which is
being used in great gquantities in plumbing for hot-water
pipes and underfloor heating.

In the following sections, the individual pipe systems will
be described. This description should not replace the system




3.1.1
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details provided by the manufacturer, which can be found in
the product catalogue, it should, however, present the most
important characteristics of the system as required by
district-heating specialists.

Ecoflax

Description

The Finnish product Ecoflex consists of a VPE medium pipe
(manufactured by Wirsbo) with an EVAL oxygen barrier which is
extruded onto the pipe. The pipe is contained in thermal
insulation of foamed PE which is produced in layers. The
jacket pipe is a corrugated PE-pipe, see Fig. 3.1-1.



Fig.
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l=13

Construction of the Ecoflex Pipe

The pipe
of DN 20

pipe and

pipe,

18

material is supplied in rolls in nominal diameters
to DN 80. A double pipe system, in which the supply
the return pipe are enclosed in the same jacket
available for small pipelines of DM 20 to DN 40.
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Pipe connections are made using clamp joints which are part
of the Wirsbo pipe programme. Thermal insulation at the
joints is ensured using insulating jackets. The whole joint
is covered by a shrink sleeve between the ends of the jacket
pipe, see Fig. 3.1-2. The metallic clamp joints can be com-
bined with screw fittings so that branches, reductions and
sharp pipe deflections can be included. There are special
insulating components for these situations. Insulation is
protected by special end caps at the front end so that, in
the case of leakage, no water can enter the insulation
layer.

3.1-2: Pipe Connection with Extra Thermal Insulation and
Shrink Slsaves

Special components are small assembly shafts of polyethylene
in which branches can be installed and protected from the
earth, see Fig. 3.1-3.



Fig.
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3,

1-3: PBranch with Assembly Shaft

Limits of Application

Dimensions:

Pipe material is supplied from DN 20 to DN 80
(int. dia. = 90 mm); double pipe from DN 20
Lo DN 40,

Standard delivery length is 200 m for DN 20
and 50 m for DN BO.

40 om 15 required as minimum coverage, 80 cm
for traffic loads.

=1

The wallthickness of the jacket pipe 1s in
correspondence to the diameter
for D = 128 1.3 mm

D = 160 1,8 mm

D = 200 2,2 mm
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Loads: Stress and strain limits are not given exact-
1y by the manufacturer. A limiting temparature
of 90 °C for constant loads was men-tioned
with a temporary overload of 120 "C. The
corresponding maximum pressure is not given.
At a constant temperature of 90 °C this should
be 5 bar. (In a Finnish Ecoflex-brochure
maximum pressures of 6 bar/ 90 'C and 10 bar/
70 °C are given!)

3.1.3 State of Development

The Ecoflex system, in its present form, has alredy been used
for & years. The diffusion barrier of EVOH (trade name EVAL)
reduces the oxygen diffusion to about 1 % compared with the
unprotected pipe. The present EVOH layer has been used for
about two years. It is thinner and mechanically more stable
than the previous brown barrier layer.

In Finland, about 60 km of plastic medium pipe constructions
in general have been laid in public supply svstems. 30 km of
this is Ecoflex-pipes with about 15 km installed in Lahti.
The long-term operational experience which has neesn made
there with PE-X medium pipes has led to a positive assessment
of the Ecoflex design.

The clamp screwed fittings used as pipe joints have proved to
be so reliable after up to 20 years of operation, that they
can be buried directly in the ground.

The next objective of development work is to rationalize the
production by a continuocus foaming of the thermal insulation
which today 1s being produced separately. In this way the
layers of insulation could be replaced by a homogeneous Eoam
layer.

T S S “a A
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LR-PEX

Description

The Danish pipe system LR-PEX from the manufacturer Ligstér
Rér uses the PE-X medium pipe from Wirsbo, which has already
beaen mentioned. It also uses the same diffusion barrier
EVOH. The pipe construction corresponds more or less to that
of plastic compound jacket pipes. The medium pipe is rigidly
foamed with a polyethylene jacket pipe. A semi-flexible PUR-
foam is used for the foam and LDPE is used for the outer
jacket., In this way the pipes are at least suitably flexible
in the case of small nominal diameters.

The pipes can be supplied in rolls for nominal diameters
from DN 16 to DN 50. Pipes of DN 50 to DN B0 are supplied in
lengths. There is only a single pipe system.

There is an extensive range of articles in the programme for
pipe joints. Lines available are screwed clamp fittings and
press-on joints for guick assembly. All PE-joints are also
available with screw threads, so that they can be combined
with metallic parts of the pipeline, such as T-branches,
reductions and also with fittings.

.2=1: Construction of the LR-PEX Pipe
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Fig.

3.

The screwed clamp joints correspond to the types found on
the market and do not need to be described here in more
detall. However, the press-on connections are new, see
Fig. 3.2-2. They are mounted using a special tool. It is a
fast assembly process reguiring no screws.

g

2=2 Installation of the Press=0Dn Joint

There are several possible ways to implement branches in the
PE-X system. Flgure 3.2-3 showse a selection. The various
designs are allocated to particular ranges of the nominal

diamaeter.

Joints in thermal insulation and in the jacket pipe are
carried out with insulating foam and shrink sleeves. There
is also a double leak-proof sleeve. At the front end the LR-
PEX pipe is closed with end caps.



Fig. 3.2-3:

Design of T-Branches

17
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3.2.2 Limits of Application

Dimens1ons : Pipe material i supplied from DN 16 to DN B0
{int. dia. = 90 mm).

Delivery length is maximum 200 m for DN 16
and 50 m for DN 50.

Larger pipes of DN 50 and more are supplied
in lengths of 12 m.

The wallthickness of the jacket pipe is for
the ocuter diamatar

b6 to S50 mm 2,2 mnm
110 te 125 mm 2,5 mm
140 to 180 mm 3,0 mm
Loads: Maximum values for temperature (constant

temperature) and pressure are given as

T =a §5 'C
p =6 Dbar.

40 cm is required as minimum Coverage.

3.2.3 State of Development

Logstdér ROr, as the largest manufacturer of plastic compound
jacket pipes, has extended its programme of plastic pipe
systems over many years with increasing success. Up to a few
months ago, Logstdr was producing two systems, one based on
PE-X and the second using the pipe material FB. Today the PE-
X system alone has been preferred and this is also based on
the Wirsbo PEX-pipe. Components for the PB system are only
being maintained for customers involved in extension and
completion work.

The programme of jointing elements is extensive in order to
be able to offer favourable material for the different appli-
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cations. The special components for jointing plastic compound
jacket pipes with steel pipes to elements for PEX-pipes makes
the connection of one system to the other easier.

Osygen diffusion is limited by the EVAL-barrier of the Wirsbo
PEX pipe. Water vapour diffusion is being investigated by
LogstAr ROr in a cooperation with the Dansk Teknologisk
Institut. The first gualitative results are available [3] and
signify that the problem can be solved by adapting the
design. L&gstdor ROr has indicated that more explanatory
statements will be available when the investigations have
been completed in summer 1992.
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NTS-Ferwag-Flex

Description

The NTS pipe is a new development of the Swiss cable manu-
facturer, Kabelwerke Brugg. It is a compound pipe with a
special layver construction, which includes two diffusion
barriers, see Fig. 3.3-1. The medium pipe consists of un-
blocked PE. This is enclosed in aluminium foil which overlaps
and is glued together and acts as a diffusion barrier to
water vapour. A textile band,under pre-tension, 1is wound
arcund the aluminium foil to support it. The next layer is a
flexible PUR foam as thermal insulation. This is surrounded
once more by aluminium foil acting as a diffusion barrier.
This is glued along its length and, during production, Serves
as a casing for the foam. The external protection of the
whole structure is provided by a final extruded PE-jacket.
The outer aluminium foil is declared as an oxygen barrier by
the manufacturer.

The pipe material is available for nominal diameters of DN 20
to DN 65. A double pipe system for DN 25 and DN 32 can also
be supplied. The pipe is either delivered in bundles of 50 or
100 m lengths or on a cable drum.

The PE-X medium pipes are screwed together using clamp
joints. Shaped pieces are used to insulate the joints. The
connection of jacket pipes is made using a slip-on sleeve and
shrink socket, see Fig. 3.3-2,

As in the case of plastic jacket pipe systems, manufactured
tees are available for constructing branches, see Fig. 3.33.
At pipe ends, the front end of the PUR-foam is closed using
end caps of shrink-on material.
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The supply programme for the NTS-system is being continually
extended. The production volume amounts to about 15 km per
yvear. The manufacturer has made his design particularly safe
regarding the diffusion of oxygen and water by using two
diffusion barriers.
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Fig.

3.3=11

Pipe Construction of the NTS5-Ferwag Flex



Fig.
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NTS-Ferwag Flex Pipe Connection Laid in the Ground
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Fig. 3.3-3 Branch with Manufactured Tees

3.3.2 Limits of Application

Dimensions:

Loads:

Pipe material is supplied in 4 nominal dia-
meters from DN 20 to DN 65, double pipes are
available for DN 25 and DN 32.

Delivery lengths in bundles is 50 m or 100 m.
Lengths of 500 m are available on cable
drums .

The thickness of the outer PE-jacket pipe is
3 mm.

The system can be subjected tco a maximum
constant temperature of

40 "C
& bar.

'[I
P

60 cm is required as minimum coverage.
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3.3.3 Stacte of Development

The NTS-Ferwag system is a relatively new product, whose
palette of products is still being continuously extended. In
the meantime, pipes and accessories are available up to

DN 65. The extension of the programme to include a double
pipa system of DN 20 and shaped pieces for the connection of
single to double pipe systems has already been announced.

hecording to the manufacturer, a particular development
priority was to find a guarantee against uncentrolled
diffusion processes. The NTS-system is the only pipe
containing two metal diffusion barriers. The inner layer
covers the medium pipe in a spiral envelopment, whereby only
short pieces of pipe at joints are unprotected. The outer
aluminium foil covers the foam in such a way that, together
with the end caps on the front end, the PUR foam is complete-
ly isolated. Sleeves are also mounted without previously
shrinking on end caps.

The NTS pipe was designed under particular consideration of
diffusion flows of water vapour from the medium pipe into the
PUR foam. This flow of material is not only to be observed it
15 also an important factor in the determination of the
lifetime of the pipe. The end of the period of utilization is
considered to be reached when the heat conductivity has
increased by 30 % as a result of water in the thermal
insulation. Section 6 deals with this topic in more detail.

A special aim of develcocpment activities of the NTS-manufac-
turer 18 the combination of the flexible system with hori-
zontal drilling, so that laying is possible without digging
trenches. Pipe laying using this technigque is being offered
by the manufacturer on his own and also in a cooperation with
Flowtex.
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Flexalen
Description

The Flexalen pipe is composed of three elements,; as shown in
Fig. 3.4-1. The medium pipe consists of the thermoplastic
polybutylene. It lies in specially shaped, cylindrical
insulating elements of PUR rigid foam, which are enclosed in
a polypropylaene envelopa. The ends of the inaulating
elemants are so shaped that they fit into each other to form
a joint, as shown in the longitudinal section in Fig. 3.4-1.
The whole arrangement is enclosed in a corrugated jacket
pipe of HDPE. The pipe is easy to bend.

Fig. 3.4-1: The Flexalen Pipe System with Corrugated Jacket
Pipe
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The arrangement of the medium pipe may wvary. For instance,
instead of one large medium pipe both small medium pipes can
be installed in the insulating elements. Supply and return
pipes are then laid uninsulated with respect to one another
gide by side.

In addition to the corrugated pipe system, pipe lengths are
available for nominal diameters of DN 80 (internal diameter =
90 mm) and DN 100 and these are, in principle, constructed
similar to compound jacket pipes. They only allow bending
radii of 18 m in opposition to 1,25 m for the corrugated pipe
system.

Welding is preferred for jointing medium pipes since PB is a
thermoplastic. However, in addition, screwed clamps or flange
joints can be used to make individual joints or for a
connection of plastic to metal.

Hot-tool sleeve welding and hot-coil sleeve welding can be
used as welding methods. Hot-tool butt welding is also
applied for larger nominal diameters of DN 80 and DN 100, see
Fig. 3.4-2, no. 3.

There are sleeve shaped pieces for jointing the jacket pipe
of the corrugated pipe. These are fixed with bands after the
front ends have been covered with end caps. Pipe lengths are
connected with slip-on sleeves which is normal practice for
compound pipes, only here the sleeves are fully foamed.

Changes in direction are possible by bending the whole pipe.
However, formed pieces are also available for sharp bends.
The programme is completed by further fittings for branches,
reductions, end plugs etc.

Up to now this system has not been fitted with a diffusion
barrier.
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3. Hot-Tool Butt Welding

Welding Processes for the Medium Pipe

DN
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DN 20 to DN BO

20 to DN B8O

DN BO
DN 100



29

3.4.2 Limits of Application

Dimensions:

Loads:

Pipe material is supplied from DN 20 to DN 80
{int. dia. = 74 mm) in corrugated jacket.

DN 100 is available as lengths. Larger pipes
can be ordered. A double jacket pipe system
is available for DN 20 te DN 40, whereby the
supply and return pipes come into contact.

Delivery lengths for single pipes up to DN 50
and double pipes up to DN 25 are 100 m, for
larger pipes lengths of 50 m are available.

The wallthickness of the jacket pipe i1s about
2 mm.

Maximum combination of temperature and
pressure is given as 90 °C for variable supply
cemperatures (&0/90) and & bar.

0.5 m is required as minimum coverage, 0.8 m
for traffic.

3.4.3 BState of Development

The Flexalen system has undergone a development lasting about

8 years. It was designed in a close cooperation between a
manufacturer of plastic pipes and a supply company.
Polybutylene, of which the medium pipe is made, reguires a
special manufacturing technology, but this is available
without restrictions. The PB pipe is standardized according
to DIN. The producted gquantities for PB are far lower than
the guantities for PE, PP etc. For this reason there is only
one producer in the EC.
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The special advantages of PB pipes lie in its weldability,
which makes the jointing technigque easier. Proved welding
processes and machines can be used which must be adapted to
the behaviour of the material FB. Hot-coil sleeve welding is
a technology developed in a cooperation with Georg Fischer,
Schaffhausen, and is particularly suitable for use on the
building site.

When comparing the Flexalen pipe with the PEX-pipe described
earlier, it is noticed that no diffusion barrier for oxygen
and water vapour 1is available. The manufacturer regards this
danger as less serious. This is surprising since from liter-
ature it is well known that the coefficient of diffusion of
oxygen in PB is of about the same order of magnitude as in PE
(4] . The danger from water wvapour, which could move outwards,
seems to be less since hollow spaces are available within the
chain of isolating @lements. These elements may also not be
damaged because each is protected by a thin envelope of
polypropylene (PP). However, recently it became known that a
diffusion barrier has also been developed for this system and
it will soon be available.
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Wirsho - IM-RO-FEX

Description

The Swedish pipe manufacturer Wirsbe is offering a pipe
system with the name IM-RO-PEX with a PE-X medium pipe. This
has an oxygen barrier (EVAL) which is extruded ontoc the
medium pipe.

The pipe system consists in principle of 2 parts:

1. Insulating element
2. PE-X medium pipe

The insulating element is composed of a corrugated HDPE
jacket pipe, thermal insulation of compressed glass wool and
an HDPE guide pipe. Each insulating element is fitted with
special end caps of VPE. These end caps carry the guide pipe.
The sealing between the end caps and the guide pipe is made
using an O-ring and to the jacket pipe using molten butyl. At
one and of the guide pipe there is a snap-on sleeve of PE
welded which takes up the expansion movements of the guide
pipe. The connection between two insulating elements is shown
in Fig. 3.5-1. The gap which arises when the insulating
elements are joined together is filled by a PEX foam disc. In
addition a shrink sleeve is shrunk onto the jacket pipe to
provide further protection.

The insulating jacket is first laid without the medium pipe.
The PE-X medium pipe is later fed by hand or with a rope
winch into the guide pipe.

Medium pipe connections are made with clamp couplings, see
Fig. 3.5-2. A comprehensive programme of pipe connections are
offered by Wirsbo so that branches, reductions, and 90" bends
can be constructed without problems.
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Figi 3:5—2:

Clamp Coupling for PEX Medium Pipe

IV sz

Connection of Two Insulating Elements
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2.5.2 Limits of Application

Dimensions:

Loads:

The PE-X medium pipe is supplied from DN 20
to DN 80 (int. dia. = 90 mm).

Double pipes are available from DN 20 to
DN 40. The standard delivery length is 200 m;
longer lengths can be obtained if required.

Delivery length of the insulating elements
iz 12 m.

The wallthickness of the jacket pipe depend on
the diameter. It is

for D = 128 2,2 mm
D = 163 2,5 mm
D = 186 2,8 mm
D = 225 3,0 mm

The following constant temperatures and pres-
sures are given as limits for application

T
bl

& bar.
10 bar.

90 ‘'C , p
70 °C ., p

According to information from the manufac-
turer 50 m minimum coverage is reguired in
the area of roads and 70 cm for open spaces.

3.5.3 S5tate of Developmant

Wirsbo is an important manufacturer of PE-X pipes for heating
buildings and water pipes for plumbing and is a supplier for
the pipe systems of Ecoflex and L&gstdr. With its IM-RO-PEX
system, Wirsbo is also offering a new plastic system for
district heating pipelines of semall nominal diameter.
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Wirsbo has an insulating jacket that is separate from the
medium pipe. The advantage of this pipe construction is that
later the medium pipe can be changed without any expensive
earthwork. A disadvantage is the extra expense and effort
required in laying the pipe in the first place.

Numerous designs of connecting elements and formed pieces are
available from the plumbing industry.

Oxygen diffusion has been reduced by the EVAL-barrier to such
an extent that no damage to corrosion-prone components is to

be expected.

However, overall, it must be said that the IM-RO-PEX system
ig not fully available on the market. It should be mentioned
that experience from Sweden has been collected from several
pilot applications. These were accompanied by a series of
scientific investigations which were carried out in Studsvik.
All results have been brought into the development of the IM-
RO-PEX system,.
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General Situation from a Technical Point of View

Independent of particular gquestions which are presented by
the individual systems described above, the general situation
regarding the application of plastic medium pipes will be
considered in the following sections. The behaviour, typical
of plastics, of both pipe materials for the operational
conditions found here allow a series of general statements to
be made.

The annual guantity of pipe material produced for the region
of Central and Northern Europe is estimated to be a maximum
of 1000 km pipeline (double pipe). Of this, only about 10 %
is used in networks for community district heating supply.
The main part is probably used in the construction of small
networks or systems which are installed by fitters and
plumbers.

Plastic medium pipes are not used on a wide scale in public
district heating supply, but only by a few companies. Before
individual questions on the behaviour of the materials and
other development objectives are dealt with, in the following
sections, details will be given of the laying practice for
the systems described above.

Laying Practice

The main advantage of plastic pipe systems lies in the high
performance of laying that can be achieved. The pipes are
laid in a trench which can be kept narrow, without working
space and can be so designed that it can pass by obstacles,
see Fig. 4-1. Assembly times are predominantly determined by
branches and joints so that most of the trench can be filled
in immediately after laying the pipe. It is possible to lay
pipes for complete housing estates within in few days.



ib

Moreover, an important advantage for laying in the ground is
the corrosion resistance of the pipes. Should a leak occur,
there is no need to fear that the medium pipe will rupture.
The thermal insulation becomes wet but supply is not dis-
rupted. Naturally, the thermal insulation should only be
allowed to become wet over as short a length of pipe as

possible.
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PE-X pipes are joined exclusively with screw clamps which are
also sometimes used for joining PB pipes. Since a lifetime of
35 years is often required, these elements are considered
with a certain amount of scepticism as a result of the well-
known tendency of plastics to creep at higher temperatures.
All information available points to the fact that jointing
components normally used today are reliable. This experience
has been deduced from up to 20 vears of operation. Neither
the manufacturers nor the coperators have any reservations
against laying connections underground.

Generally, it must be stated that, in comparison to proved
systems with medium pipes of steel, suppliers are less
experienced in layving and operating plastic pipe systems.

Oxygen Diffusion

District heat suppliers can rely on the results of develop-
ments in the field of underfloor heating and experiance mada
therea wth diffusion barriers. Three different strategies have

been followed up to now by the manufacturers of the 5
products described above:

1. Separating the pipe with an extruded layer of EVOH (trade
name EVAL), with a high resistance to diffusion, so that

the oxygen diffusion is reduced to about 1/100;

Manufacturer: Wirsbo and hence Ecoflex and Lbogstdr as
well.

2. Separation with 1 or 2 metal foils
Manufacturer: Brugg Kabel
3. No barrier

Manufacturer: Flexalen
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Today, 1t can be said that Flexalen is moving towards the
first strategy so that the gquestion *barrier yes or no?" will
not be asked any longer.

Specialists of material testing reservedly assess the relia-
bility of oxygen barriers as positive, e.g. [7]. However,
further investigations requiring much effort are still being
carried out since the effects of district-heating operating
data cannot be reliably assessed. The first influence is the
temperature. most investigations up to now have been carried
out at 50 "C. Since the diffuse transport of materials
follows an Arrhenius function, further measurements of the
oxygen permeability up to 90 “C would be advisable.

Secondly, proof of the stability of the diffusion barrier is
also required. Temperature changes can damage foil linings or
perhaps the coatings as waell. Furthermore, the stability of
the coatings in a warm, damp atmosphere should also be
checked. At present, special investigations for this are
starting in Germany, whereaby the manufacturers are also
involved.

Water Vapour Diffusion

A danger to the pipeline as a result of water vapour which is
forced outwards through the wall of the pipe was first
noticed about two years ago. Due to the fall in temperature
from the interior to the cutside of the pipe, the water
vapour condenses in the thermal insulation and could lead to
a dangerous rise in the heat conductivity.
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An influence on the system as a result of water vapour is
seen to be less serious than as a result of oxygen. The most
important reasons for this are that wetting has not yet been
noticed in systems operated for many years, that dampness can
hardly danger the function of the pipeline and that a certain
rise in the heat losses 15 acceptable as long as investments
for the system are low. However, calculations which show
notable amounts of damp which escape through the pipe wall
during one year of district-heating operating conditions,
should not be ignored. Finally, one manufacurer (Kabel Brugg,
see Section 3.3) even measured the lifetime of his system by
means of this water permeability.

However, in comparing the systems regarding this danger, it
becomes apparent that they must be very differently suscept-
ible to this phenomenon. In insulation which is enclosed on
all sides, the guantity of water will continue to rise with
the period of operation, whereas in other systems certain
quantities of water can be collected in the existing cavities
perhaps without any damage, or the pipes are so arranged that
water coming in can also go out again. These considerations
are pure speculation and have not been checked by
investigations. For this reason, sSystematic experiments are
now starting in Germany. First quantitative results are
already available from Denmark [3]: the system could be so
designed that no water 1s collected in the insulation. This
deduction has not yet been conclusively drawn from material
published at present. Industry involved in the project
{LOogatér) intends providing supplementary information when
the present investigations are completed in summer 1992.
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Behaviour of Materials when Using Frictlion Reducing
Additives

Whereas district heating networks today are still exclusively
operated with conditioned water, for the future there iz a
possibility of putting additives in the water. Additives
reduce the pressure losses for the circulated water. Since,
on the one hand, additives are surface active and, on the
other hand, it is well known that surfactants can negatively
affect the material properties of plasties, the question is
whether problems are to be expected in this situation.

The tensides Dobon G and Habon G from Hoechst AG have proved
successful in district heating networks up to now. Final,
guantitative statements on the influence of these tensides on
material characteristics cannot be made till the systematic
tests have been completed. They started in Germany early 1992
(2] and will probably be completed at the end of the year or
beginning of 1993. The pipe materials PE-X and PB are being
tested as well as GF-UP for temperatures between 70 and

110 °C and pressures of about 6 bar.

First considerations, analyses of literature and comparison
with similar applications allow a positive result from the
experiments to be expected. It appears as though the pipe
materials PE-X and PB are not damaged by friction-reducing
additives at temperatures up to 90 "C [2].

On drag reduction there can shortly be eaxpected a special
report titled *Advanced Fluids* [10].

These expectations are in contradiction to shortly published
Swedish results from Studsvik Energy [11].

Their first experiments have shown that Habon G reduces the
strength of PE-X material and promotes brittle fracture.
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Provisional Sealing of the Pipe by Squeezing

It is sometimes necessary to block off sections of a district
heating network to be able to make new connections or to
undertake maintenance work. The pipes are usually closed
using shut-off valves. In the case of plastic pipelines of
VPE or PB, the idea arose of provisionally clesing the pipe
by squeezing the medium pipe with an appropriate tool. In
this way, the expensive fittings in the network, which re-
quire a lot of maintenance, are no longer required. From
axpariesnce it has been found that sgueezing the pipe does not
lead to breakage, since plastic is very tough and deformable.
However, it has not been decided whether on not the pipe is
damaged too much by this process.

Squeezing is done with special tools. A decision on the
admissibility can only be made when creep tests with squeezed
pipes have been carried out. Manufacturers have been asked to
do this. In addition, material tests will be carried out at a
German testing institute in the second half of 1992.

It still has to be determined under which conditions
squeezing can be allowed, i.e. pipe geometry (nominal dia-
meter, wall thickness) and operating data (pressure, temper-
ature) . If necessary, supporting sleeves could be developed
to mechanically take the load off a damaged pipe and to serve
as a mark so that the medium pipe is not squeezed again in
the same place.

Laying in Horizontal Bores

In recent years, plastic pipes have been successfully laid
for gas pipelines using horizontal drilling techniques. This
method seems to be promising for district heating pipelines
particularly when the supply and return pipes are enclosed in
the same jacket pipe and laying lengths are not too long.
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The main problem is the handling of the tension when the pipe
is pulled into the drilled tunnel, because plastic pipes can
only withstand relatively low longitudinal forces. Systems
with corrugated jacket pipes are unsuitable for being pulled
into position.

It is logical that Habel Brugg is making particular efforts
in this pulling-in technique because the NTS-Ferwag system
has an increased longitudinal strength as a result of the
metal lining.

Kabal Brugg is cooperating with Flowtex to form a service.
The Flowtex process is seen as suitable because the drill
hole has a good sliding behaviour as a result of the ben-
tonite used as flushing agent. The principle of the process
is shown in Fig. 4-2.



Fig. 4-2:

Principle of the Flowtex Horizontal

Drilling Process
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Cost Situation for Plastic Systems in 6 European
Countries

Laying costs of the 5 flexible pipe systems described will be
determined in the following section and compared with those
of today's standard plastic jacket pipe system (EMR). From
the individual prices, construction costs of the systems have
been calculated for each country considered and compared.

Procedure

Starting from a typical routine structure for the subdistri-
bution, the individual construction prices were obtained from
the manufacturing companies. The required trench dimensions
were determined for each laying process and the earthwork
gquantities calculated. Together with the civil engineering
prices in the countries involved, thease gave the engineering
costs specific to the system.

The cost calculation was based on the systematic used in an
earlier IEA study [1] so that results of both tasks can be
compared for plastic systems. The standard design with German
prices was used for the reference system KMR.

The individual working steps to determine laying costs are:

1. Determination of a typical routine structure, to
characterize the subdistributionm.

2. Collection of the prices of material of all important
components of the laying system in the currency of the
manufacturer.

3. Collection of the assembly prices and calculation of
the necessary time required with the hourly rates.

4. Determination of the earthwork guantities using “he
crogs-section of the trench required by the systen
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5. Collection of the specific civil engineering prices in
the countries considered.

The laying costs determined from the data given above are
determined for each country considered. The laying costs
worked out here offer a guantitative comparison between the
pipe systems. Costs which are not dependent on a particular
system, e.g. for planning, management of the site and build-
ings on the building site, have not been considered here, so
that the actual laying costs are about 10 to 20 % higher.

Basic Cosats

Routine Structure of the Subdistribution

The calculation of the costs for material, assembly and
earthworks is carried out for a typical subdistribution
network. This consists of straight lengths which are laid
through open land and roads. In addition, changes in
direction, branches and a coverage of 0.6 m over everything
has been considered.



Components of the Routine Structure

Main Pipeline:
70 m pipeline DN 25 in
i0 m pipeline DN 25 in
70 m pipeline DN 40 in
i0 m pipeline DN 40 in
35 m pipeline DN BO in
15 m pipeline DN 80 in
Branches:
5 branches DN 25 to
5 branches ON 25 to
Branch length B m
ch {7 Dj i T
2 DN 25

DN 40
1 DN B0
o 5 D3 . 10 - 45°:
2 DN 25
2 DN 40
1 DN BD

Coverage: 0.6 m

open
area
open
area
open
area

main
main

land
of roads
land
of roads
land
of roads

pipe DN 40
pipe DN 25
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In addition, the following parametars had to be determined
for each laying process:

- number of axial joints

- grogs-section of trench

- method of making service connections (looping or
branch)

- affort required for compensators

- bridges over the trench

5.2.2 Specific Civil BEngineering Costs in the Countries Involved

Table 5.2=1 shows the specific civil englneering costs ob-
tained for the countries involved. These costs were given to
us by individual supply companies and could vary regionally
within the countries.

Table 5.2-1 Specific Civil Engineering Costs
Defmark  Germany Finland Sweden  Austria  Switzer-

L] " = "o PN ¥ = TNE "= k5 Tand
" - SFR

Excavation incl. edging and  */u 150, 100,-  185.-  245,- .50
furfsce
(bitu=en cover I0 om)
Spoil in open country */w 0,- M,- B0,- 180, 1%, -
Lining (horizcacal) *fm 4.~ M- - 150, = 18,-
Filling o 5, . M- W0,- 0, 56,
- e materinl

{incl. dellvery)
- mterial from \ntermediste */m %5, - 16.-  1%.- 120.- 18,50

storage

{incl: tramsport)
- material stored on Che '.|‘lJ 22, B,= 65, = 0= i

5 lde
Remaking the surface “fut 120,- 100,-  177.- 340,- 100, -
= {0 cW Bbitssencover
= Open coantry = 15,- 16,= §0.-  #5,.- .-
Bridges for wehicles, & =t = fbridge &0, - 400, - 1660~ 400, = 15, -
Heirly wage for okilles *ih 80, 10D, - 250,-  340,- 66, -
wir ki

{incl. all sercharges)



5.2.3 Costs of Materials

Table 5.2-2 shows the material costs (in the currency of the
country of manufacture) as given by the system manufacturer

or the user for the components of the subdistribution net-
work for this study. All prices guoted are without value-
added tax incl.

Table 5.2-2 Material Costs in Currency of the Respective Country

transport.

ECOFLEX LOGSTOR BRAUGS FLEXALEW WIRSED KM

* . FHE *s[EE * = % . AE ¥ . T * . M

Pipe o 25 . B, 68, - §75, - 196,-  48,-
lergth

o a0 *In- i2,- 152, 170,- n,- 58, -
length

N B0 “jm- W1, 24,40 % 1700,- B0, - 95, -
lergth

Bend 90° DA 2% «ftitein U 176,- 20 2smp,- DN 1) B4, -

']

oy 40 i 1) 210,- 28 mpe,- VY 1) -
ftting

oA B0 e 1) e g0, - 2 1) 128, -
itting

Axfal Joint DN 2§ “/f- .- 320.-%  2ee-YY a0, 1%, -
itting

N 40 “ff- 356, - 222,40 z30,- ¥ Y ges . 18,-
itting

N 80 “/f- B8z, - s61,60 81 2330,- ¥ 960, - 20,-
itting

T-fitting DN 25/25/25 =ff- m, - 310,40 2280, ¥ 800,-  180,-
itting

0N 40/40/25 */1- 550, - 615,20 2740, - 1500,-  206,-
itting

1) fol necessary

Z) fhis is normally carried out by bending. Howsver formed ploces ars available

3)

4 Dol le plipe
5]

Bediom plipe joint wlth electric welding 3)eeves

DM 65, BAUGE has & max, DM &5 In Its programme
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5.2.4 Assembly Costs

Assembly costs of the components of the comparative networks
are given in Table 5.2-3. The pipe manufacturers were asked
to provide information on the costs for the flexible sys-
tems, but costs for the EIMRE system were taken as standard
valoes from German engineering planning figures. Assembly
costs ware converted using the corresponding hourly wage for
skilled workmen In the respective country into assembly
times. In this way the assembly costs can be calculated
without any inaccuracy as a result of currency conversion.

Table 5.2-3 Assembly Costs, Assembly Time (Man-Hours)

ECOFLEX  LOGSTOR  BRwGs FLEXALEN WIRSSD o
" . P * = N * - SFA " R L | * = OH
Pipa oy 25 *fm-length  16,- 5,- 1, - a5, M 4, -
him-langth 0,16 o,07 ¥ a.08 0,18 a7
DM 20 “jm-langth  186,- Ty 45, - 5, 1 52,-
him-lengeh 0,16 2 B 8,13 0,20 0,87
oM 80 “fm-leegth  23,- 1.- 4 100, - g, n,-
him-lengen 0,23 ¥ 0,11 0.29 0,25 1,23
Bend 30° oM 25 *ifitting . - 1140, ¥ = 40, -
nifitting 1,15 0,87
o™ 40 */fitting a - 1380,. ¥ = 45,
nitittieg 4,06 0.7%
o™ 80 */Fitting - . 960, - 55,
nifitting 2.82 0.5
Axinl Joimt DN 25 /fitting  153,- 104, - 100, 3 5,
nifitting 1,53 2 58 4 ; 1,58
oM 40 “/fitting  153,- ,- 20, ) = 108, -
nifitting 1,5 2 1,08 .41 187
oM 80 "[fitting  1B4,- n,- Y 9ea, - . 19, -
nifitting 1.8 2 1,08 2.82 2.17
T-ploce oM 25/25/25  fMitting  232,- 132, - 1670, - 3 - 55, -
nifitting FE R 3,00 4.9 0.9
ON 4D/40/25  */fitting  232,. . 1%2,- 20%0,. 3 < 55, -
hitittiog Ln 2,00 5.97 1.08

1 fnel. T-fitting and sxtal Soint

2 Mot available; values taken from &7 an adapted accerding to the price develooment of material costa.
¥ Bouble pipe

Y owoss
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5.2.5 Cross-Section of the Trenches, Barthwork Quantities

For each pipe system, details of the regquired trench
measurements were collected for the appropriate nominal
diameter of the subdistribution network. The earthwork
guantities could then be worked out for each laying process.

Figure 5.2-1 shows the construction of a trench for pipe
laying. The figure will help teo explain the points in
Tables 5.2-4 a - £ of the trench cross-section for the pipe
systems.

— — —_— o 3
Amshuberierial
i
-3
— — N NN — — ‘
:-llﬂ.l'l_ﬂ: -
. 3
o
e PO BTN P B vy P g
T _._.- H ! -__.'_:_-. E, [T
g &
a ] L]
E E
b

Fig. 5.2-1: Construction of the Trench for Pipe Systems Lald in
the Ground



Table 5.2-4 a:

Trench Cross=Section, Earthwork Quantities

ECOFLEX

ow 25 2 on 40 2) on 8o )
. = 0,1 0,1 0,1
b " 0,3 0.4 0,7
c " 0,1 0.1 0,1
d . 0,16 0,2 2x0,2
[ n - = B.1
f " 0,2 0.2 0,2
spai] win ) 0.3 0.3 0,63
Transport of waste wfm t) 0,166 0,2 0,35
sand f1114ng win ) 0,146 0,165 0,287
FiT1ing with spei) wim 1) b, 184 0,16 0,28
Surface reconstruct fon a'fnl) 0,38 0,4 0,7

1) per m-plpeling

2} Deuble pipe systes

3 single plpe system

Tabla 5.2-4 b: Trench Cross-Section, Earthwork Quantities

LOGSTOR

N 25 % 40 ON B0
a = 8.1 0.1 0.1
B m i, 46 0,5 0,66
¢ " 8.1 0.t 0.1
d - 2 x 0,007 2 x 0,1 2% 0,18
[ [ (1 | .1 0.1
f M 0.1 0.1 0.1
<pot] w1 0,36 0,42 0,58
Tramsport of waste wfm 1) 6,13 o,16 0,75
Sand 1111ing a/m ) 0,12 0,14 0,20
Filling with spall wim 1 0.23 0.26 0.13
Surface recontruction mfm 1 0,46 0,5 0, 66

1 per m=pipeline
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Table 5.2=-4 c: Trench Cross-Section, Earthwork Quantities

BRUGG
o 25 o 40 DN 65

a n a1 a.1 o1
b - 0.52 D.55 0.55
¢ = 0.1 0.1 0.1
F n 2 ¥ 0,11 2 1 0,125 2 x 0,125
. m 0,1 0,1 0,1
f [ 0,1 0,1 a,1
spall win ) 0,42 0,51 0,5
framsport of waste wyim 1 0,16 0,18 0,18
Sand 1111ng wim 1 0,14 0,16 0,18
Filling with spofl wim 1 0,26 0,3 0,3
Surface recontruction w i 1) 0,52 0,55 0.5%
Y per me-pipeline

Table 5.2-4 d: Trench Cross-Section, Earthwork Quantities

FLEXALEN

on 25 2 pn 40 2) on 80 3
2 m 0.1 0.1 8.1
b n 0,36 0,4 0.7
[ n 0.1 0,1 g.1
4 = 0.18 0.2 20,2
& m 7.1 0.1 0.1
f ] 0.1 0,1 0.1
Spall wim 0,3 0.3 0,63
Transport of waste winl) 8,13 0,16 0,28
sand £111ing wfa l) 8,11 5,13 0,25
Filling with spoil wiz 1! 0,17 0.2 0,35
Surface recontruction aml 0,36 0.4 0.7
1] per m=-pipeline

Z) powtle pipe systen
3 Single pipe avitem
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Table 5.2-4 @: Trench Cross-Section, Earthwork Quantities

WIRSEO

o 25 ) 4 U on g &)
a n 0,1 0.1 0.1
b n 0.4 0.4 0.6
c " 0.15 0,15 0,15
d " 0,163 0,185 2 x 0,186
& m - - 0,08
f = 8.2 0,2 0.2
Spoil o 8,37 0,37 0,5
Transport of waste Iafl 1 0.2 g2 0.3
Sand 11114ng wim 1) 0.2 0,2 0.29
Fi11ing with spail wfm 1) 0,17 0.7 .27
Surface recontructfon n/nl) 0.4 0.4 0.6
1} pair m-pipe ] ing

2) Dauble pipe systen

L Single pipe system

Table 5.2-4 f: Trench Cross-Section, Barthwork Quantities

EMR

i On &0 O ap
i ] 2 8.2 6.2
& ] a1 & 0.8y
c ] a.1 0.1 0,1
d " 210,09 220,40 250,18
e n 8,15 .45 0,15
f - 8.1 L1 | 01
Spoi | mifm W 0,58 8,62 0,75
Trameport of waste win ) 0.2 g4 0,3
Sand 1111ing LR 0,20 5.2 0,27
Filling with spodl wim ) 0,37 0,38 0,44
Surface recontruct ton w w1 o7 0,77 b, 87
1l

por m=pipel fne
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5.2.86 Exchange Rates

5.2.7

The following table was used to convert the price of
materials into the currency of the respective country.
(Status in April 199%2):

Currency Rate
Danish Kroner DKR 25.815
Finnish Marks FME 36.74
Austrian Shillings AS  14.228
Swedish Kronor SKR 27.615
Swiss Francs SFR 109.780
Conversion Unit DM 100.000

Factors which are Dependent on the System

In addition, other system specific factors are required to
calculate the laying costs.

- Service Branches

In the case of flexible pipeline systems there exists the
possibility to make service branches by the looping-in
method. Supply and return pipes are laid in a curve from
house to house.

Looping-in of the house connections is used in all flexible
systams because looping-in appears to be cheaper than
branches with tees. In this case the branch technique costs
are calculated with 12 m length of pipe instead of 8 m branch
length in the nominal diameter of the main pipeline.
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Plastic medium pipe systems are normally delivered in long
lengths, e.g. 100 m on a cabel drum, so that axial joints
only occur in long pipelines. The case of subdistribution,
considered here, with connections from house to house can
virtually be completed without sleeves. Axial joints have
been ignored in the cost calculations for flexible pipe
systems.

A delivery length of 12 m is assumed for plastic jacket
pipes. For the pipeline lengths and branches given hers,

72 sleeves DN 25
52 sleeves DN 40 and
16 sleeves DN 80

are assumed for EMR.

- Effort Beguired for Compensators

In the case of plastic jacket pipes, additional compensating
elements are reguired when laying the pipes. The costs for
compensators has been calculated as 8 % of the direct
construction costs compared with compensator-free layving of

plastic medium pipes.
5

- Irench Bridges

In general pipe trenches for KMR remain open longer than
those for plastic medium pipes. For this reason, one trench
bridge per 100 m pipeline has been assumed.
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5.3 Cost Comparison

A cost calculation was carried out for each pipe system and
for each country involved taking into account the above
mentioned basic data and the system gpecific factors.

The following laying costs are not intended for the cal-
culation of the actual laying costs in a subdistribution
network. The calculated laying costs are to be regarded as
comparative costs in order to be able to assess comparatively
the different systems from the different countries.

The civil engineering costs given here are also affected by
relatively large uncertaintias,

The costs for civil engineering were determined by making
enquiries at only one address per country so that the data do
not have to be representative of the country's average.

Material prices were given by the system manufacturer and
were given in the currency of the country in guestion. Such
prices are market prices and could be different in the dif-
ferent countries for the same product. Since not all systems
considered are available on the market in all countries,
calculations were made using the prices given in the country
of the manufacturer and appropriately converted into the
currency of the country concerned using the exchange rates.

The results of the cost calculations are given in the
following tables, (Tables 5.3-1 to 5.3-6). A summary of the
results is given in Table 5.3-7 in which the laying costs of
the plastic medium pipe systems are presented as percentages
of the reference plastic jacket system. The very low level of
the Finnish product Ecoflex can partly be explained by the
strong devaluation of the Finnmark in early 1992. In addition
the Finnish District Heating association commented that the
Finnish eivil engineering costs and also assembly costs seen
too low to be average valuas.



Table 5.3-1

Cost Comparison for Application in Denmark (all costs in DER)
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Table 5.3-3

Cost Comparison for Appllcation Iln Germany (all cosce in DH)
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Table 5.3-3 Cost Comparison for Application in Finland [(all coste in FME]
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Table 5.3-4

Cost Comparvison for Application in Swedan (all costs in S¥R)
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Table 5.3-5

Coat Compariscn for Application In Austria (all costs Im AS)
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Table 5.3-6

Cost Comparison for Appllication in Switzerland (all costa in SFR)
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Table 5.3-T Laying costs of the [lexible systems as percontages of Cho
costs of the reference KMR system

Deanmark

Garmany 46 75 77 66 57 100
Finland L1 L 96 B2 62 100
Sweden 42 73 74 Ed 54 100
Austria ad g 86 T4 59 100
Ewitzerland 41 72 T2 B2 52 100
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Consideration of the Lifetime of Pipes of PE-X and PB

Definition of the Problem

Since the system manufacturers give different limiting loads
for their pipe material to some extent, even though they use
the same pipe material, a consideration of the lifetime of
the materials used was undertaken.

The investigation intended to determine what lifetime is to
be expacted from straight pipes (without connections and
formed pieces) when typical operating conditions for district
heating networks of a variable 90/65 "C prevail. Only
tangential stress from the internal pressure is considered
for a given temperature collective. Other loads such as
bending stresses and prevented heat expansion are subject to
relaxation whose influence is not yet sufficiently well-known

for district heating pipelines.

The main difficulty lay in the fact that there is little
information available on the long-term behaviour of PE-X and
PE which can be collected together in order to achieve a
comparison with plausible assumptions. The creep curves of
the relevant DIN standards do not include the steep decline
which ig characteristic of plastics as a result of ageing.

Although other investigations include these phenomena, the
published creep curves are average value curves and not
minimum value curves as required for dimensioning district

heating pipelines.
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The concept here envisaged first investigating only the
effects of thermal loads on ageing. For this the creep curves
from internal pressure tests were evaluated and from them
lifetime curves formed. From the proportion of damage of the
assumed temperature distribution the expected lifetime was
determined according to an accumulation of damage hypothesis
(Miner's Law).

In a second consideration, the lifetime which could be
forecast from the simultaneous mechanical and thermal loads
was determined. For this, the extrapolated creep curves of
the DIN standards were used, which do not include the steep
decline which is to be expected as a result of ageing. This
procedure is admissible since the gquestion of ageing was
dealt with in the first stage and here only a control on how
long the lifetime could be, without considering ageing, was
undertaken.

Basic Information

The work was based on the present state-of-the-art and
knowledge. DIN-standards were explicitly taken into
consideration. Creep curves for the materials PE-X and FPB are
given in DIN 16892 and DIN 16968 and these do not have the
steap decrease which is to be expected as a result of ageing.

Although it states guite clearly in DIN 16892 that suffici-
ently cross-linked polyvethylene, as opposed to other known
poly olefines, does not have a bend in the creep curve, ax-
perts such as the authors of [8] expect a steep decrease in
the creep curves both for PB as well as for PE-X.

In Sweden, numerous inner pressure creep tests were carried
out on pipes of PE-X and PB [8] and [9]. For both materials
the expected sharp decrease was found as a result of ageing.
The Swedish publications have two disadvantages for the
application here:
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- they are not comparative investigations between PE-X
and PB but two separate activities

- mno minimum values were given, only average values.

In spite of these limitations, the Swedish work is certainly
the most comprehensive of all modern investigations of this
subject and, for this reason, the lifetime curves were based

on these results.

6.3 Assumed Loads

A temperature distribution according to Table 6.1 was

assumed.
Supply Temperature Hours per Year

[*C] [h/a]

65 7110
66 - 70 BOO
71 = 75 500
76 - 80 250
81 - 90 100

Table 6-1: Assumed Temperature Distribution

Figure 6-1 presents this assumed temperature distribution as
a block diagram.
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The maximum operating pressure assumed was
p=5bar = 0.5 N/mm?,

For typical wall thicknesses of district heating pipelines of

PE-X and FB for the different nominal diameters one obtains
from Figure 6-2 and

Tegp) = Op = p = dy/(2 » 5)

the tangential stress according to Table 6-2.
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DN d, 8 dy Ty (o
[-] [um] [ trm) [wom] [N/mm? )
20 25 2.3 20.4 2.22
25 32 3.0 26.0 2.17
32 40 3.7 12.6 2.20
40 50 4.6 40.8 2.22
50 63 5.8 51.4 2.8
65 =] 6.9 Bl.2 2.22
B0 80 B.2 73.6 2.24

Table 6-2 Resulting Tangential Stress for an Intermal Pressure

6.4

of 5 bar

Other loads such as banding stresses and prevented heat
expansion have not been considered in this work as these are
subject to relaxation whose influence is not vet sufficiently
well-known for district heating pipelines.

Thermal Loads (Ageing)

All plastics are subject to ageing when put under stress for
a long time, particularly as a result of higher temperature
and oxygen, because their thermal stability is limited.
Should such materials be used at temperatures much higher
than 20 *C, then information on the time of the beginning of
the ageing process 15 essential. It must be tested whether a
sharp decline in the c¢reep curve can be determined or not by
means of extrapolation for the temperature being considered
here within the regquired minimum period of operation.
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In the case of all plastics, ageing leads to a reduction in
the molar mass, breaking stress, creep strangth and then to
brittleness and finally te eracking, which presents a risk

for a reliable operation.

The life time curves for PEX and PB were determined in a
statistically reliable calculation procedure based cn [8].
They are presented in Fig. 6-2 as lines ¢ and e.

abcdefgh
%Z
80 - !
5. 108 //1 16-10%
4,8 .105 | 1,.25-10° |
|
o 2.8.105 | 7.7.105 |
Q
- | 1,6-105 | ,6.10%
L- |
3 80
o 8. 10% 2.2.10°
: /
[
E 90
[
i+
120 I
102 10? w0t 105 10¢ 107

Fig. 6-2;:

Standzeit® [h] P

Varicus Lifetime Curves for PE-X and PB
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a) PE-X Pl, average value (from [9])

b) PE, average value

c) PE, least value

d) PB, average value (from [6])

&) PE-X P3, least value

£) PE-X P3, average value (from [9], however,
parallel to a)

gl PB, least value

h) PH, average value

For the assumed temperature range, they lead to creep times
of

Tepe-x = 1.3 -10°h = J48 g for VPE (PEX) and

Ty pa 4.84 - 105 h = _55 a3 for PB

Thus, there is sufficient reliability regarding ageing.

Mechanical and Thermal Loads (Static)

For stressed periods which occur before ageing starts, there
ia also a certain stress dependability of the service life.
As already mentioned in section 5, the prescribed operational
pressure of 5 bar leads to a tangential stress in the pipe of
about 2.22 N/mm?. With a safety factor of 1.8, one obtains a
stress of 4 N/mm?.
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In the following section the service life which can be expec-
ted for changing temperatures and constant pressures will be
determined. For this the creep curves are extrapolated beyond
the start of ageing. This procedure is acceptable as ageing
has already been considered in the last section.

Besult:

Both for PEX as well as for PB there are service lifetimes
which are far beyond the start of ageing.

Load Limits

For operational pressures of up te 5 bar and a safety factor
of 1.8, the mechanical load from internal pressure has no
influence on the lifetime. Considering ageing of the two
materials investigated, the start of ageing is far beyond the
technical period of utilization.

Creep curves, such as those based on DIN standards 168%2 and
16968 ,which do not include the steep decline, are not
gsuitable for estimating the expected service life. In Sweden,
valuable results from internal pressure creep tests are
available and these can be used to determine the lifetimes
[6] and [9]). For system designs, however, the measured
average values should not be used, but minimum curves have to
be construted presenting the decisive lifetime curves.

In summarizing it must also be pointed out that considerably
higher stresses than the assumed comparative stress of

4 N/mm? (i.e. operating pressure 5 bar and safety factor

8 = 1.8} cannot be borne in the case of a variable mode of
opeération up to %0 °C.
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