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International Energy Agency

The International Encrgy Agency is an
putonomous body which was established
within the frnmework of the Orgraisation
for Economic Co-operation and Develop-
ment (OECDY in November 1974, The [EA
carfies il o comprehensive progranue of
civetity co-aperalion aimong 115 24 dicmber
counirics. The main goals are

to maintain and improve sysicas for
coping will oil supply disrprions,

fo promode rilonal energy policies in b
global context ihrough co-operative rela-
tods with non-mamber countries, indus-
iy and interational organistiong

o operie 8 permanenl informmtiog s59s-
tem on fhe intenemtional oal market,

« 1o wnprove the world s civergy supply and
demnnd structure by developing alterna-
pve energy sources and incrcasing the
elMiciency of cnCTgy use:

b mssist in the integration of coviron-
menial and encrgy policies,

Intraiduction

Encrpy eMiciency results not only in i sv-
ing of fucls, bl also i o consequent reduc-
tion of envirommental pollution. o the range
of means by wlich connines can unprove
their encrgy elliciency, District Heating is a
major item. It is an externally Mlexible wech-
nology involving the mereased wse of in-
digenos o abundant fuels. the utilisation of
wiste energy and last but wot least. com-
bined heat and power produciion

District Cooling 154 mpidly growiig tech-
nodopy with additional benefins for energy
efficiency and the enwviromment. Now dovel-
opmeant invedve the inlegrtion of cooling
il commbined Neat and power, ciitlicr wiills
the ceniral production of clillled waler or by
installing absorption chillers in cusiomers”
buildings wsing heat from the District Heat-
ing sysiem. Thus, higher eMicicncics and
more even seasonal loading con be achicved
bk ank eoviremmentally fnendly wan

The lmplenienting Agrecment “Programime
of Research, Developinen and Demonstia-
teon o Disteict Hemting and Cooling” offers
member counines of the Inlermaiionnl Eu-
ergy Agency (IEA) o valunble oppartunity
for collnboration

Programme aims

From 1983 1o 1996 four working pro-

grommes, s colled Annexes. were cammed

oul. The main iiems of Annex 1, 11 and 11

WEFE

= hentmeiers

= cosf=gilective distnibunon systeims;

= review of RED projecis;

= consumer insiallations;

= Advanced Transmission Fluids,

= demonsiration of environmental benefins
of Disinct Heating,

= piping lechniques, including plasuc
Jacket pipes. CFC-free foams and plastic
mcdinm pipes for small dismeters;

= Instrict Encegy Promotion Manual,

= development of dymnmic samulation
inadels of consumer Boating sysicms

AAwmex [, whiich started in 1993 tncluded

i following itcms

= development of a design guide for intg-
gratimg st Cooling and Combaned
Heat and Power:

= Advanced Transwnssion Fluds: research
ati Fricteon Redocing Additives:

= piping echnology; study on bendpipes

and on connections 1o pipelines in op-

eralion, composition of manual on [s-

inct Healing pipelings

development of supervision methods for

District Hemting networks,

identificotion of the most efficient com-

bimmtion of substations and installstions

in Disirict Heating svaienis,

= sludy on the effect of [gmperitune vara-
tioais in preinsaliied Disirict Heating
pipcs. low cyvele Ginige.

= developmient of lekg-lenm co-operiton
with East Edropenn countries;

= uteriuhonal informanon exchange

L]

The resulis of the project activities have
been published and disseminated in the por-

BiChpraling counines

Az

In 190G 0 was decided that the programme
shoisld be exiended For g Turther three year
period: Ardex V. Paricipaling countnes i
this Annex are: Cansds, Denmark. Finland,
Germnny. Republic of Eorea, the Nether-
lands, Norway, Sweden and United King-



dom, All these parficipants, except the Be-
public of Korea are [EA members countries
The Executive Commitice decided wpon the
following items for the Annex V pro-

pramme

= Cost-eilective Distnct Heating networks

= Optimal operation, operstional availabil
iy and maintenance in DH svstens

= Chwlimisation of CH aperiting icanpenitunes
and approizal of the benelits of low 12im-
peerature [H

= Diistrict Heating and Coaling in Tulare
hati ldanges

= Combined heating and cooling. halanc-
g the production and deoand in CHP

- Fatigue analvsis of DH sysiems

= Hamdbook an plasiic pipe svsicms or
ristrict Heatimg

= Furiher activitics

Mare information

For more detailed information aboul this
1EA prograimme. Please contict your coun-
iy representatives on the Executive Come-
mities or Movem, the Operating Agem.
[nformation is available on the Intermen
hipfwww sea-dhic org




Plastic Pipe Systems for District Heating —

Handbook for Safe and Economic Applications

Executive Summary

Imtraduction

Flastic medwm pipes kave in S0mc Coin-
tries, especially in Scandinavia, boen wsed
for many vears in Moor heating applicitions
and in smaller local neiworks, In Denmark
ihese pipes are also guile common for
smaller disinici heating pipelines. In spite of
vears of experience, there still exist doubis
aboul the possibilitics of asing plasic pipes
un distnct heating applications, mostly be-
catwse of the himitations in pressare and
lemperures which muast be observed when
using plastic medium pipes. The use of
plastc medim pipes 15 also limiied o rela-
tvely small dimensions, e below 100 mm
dumeter, which makes | necessary (o mix
sieel pipes and plastic medium pipes in
many applications, » combination for which
experience so for was not svstematically
documenmcd

The aim of the project is to compile know-
how and installation expericnce from vari-
ous counines and to presend the resulis
about plastic medinm pipe techniques in ilhe
shape of o handbook, The handbook de-
scribes the basic propertics of plastic male-
rals involved and the conditions for s
apphications. &s well as recommended laving
and instillateon bechniqoes to be nsed for
receiving both techmeally and economically
favourable resulis

Tlee lanmeltsiok 18 divided s twe madi
pans: An engincering parf A describing the
itukir aspects ol asang and spplvang plasic
micdism pipes, incheding olse economical
svstem aspecis, and n maferial part B, piv-
ing meore detaled background mlformation
aboul e specific muterial propeics as an
Appendix, Some field projects are docu-
mented e the Appendis part O

A = Engiweering aspecis

The plastic medium pipe systems ane de-
scnibed for all mokes commercully avminble
on the European warket (1. ¢ 10 mhorg tham
ane coandtry ) (or the st yemms. This implics
that products under development or just
pilor products are nol included. This lumits

the make description to ihe following sys-
=) (L

Bowded pipe svatems with FEX:
ABB-PEX MNex (ABB lsalrohr) Brogg-
Calpex. lsoplus-lsopex. Logstar LR-Pex
Tarco PEX/FLEX

Non boueded pipe syatems with FEY
Uponor Ecolles

Pipe syatens with afher material than PEY

Flesalen

A complete list of properties of these sys-
tcmis mentioned above is included in Table
200 gets evident From this lst, ohar ohe
PEX medium pipe is the prevailing pips
materil andd that practically all PEX-pipes
10 be used for district heming have a dilTa-
st brmer of EVOH (et lenviny laleohol j
which reduces the risk of oxveen diffusion
o a greal extenl. Polvbuthylene (PB) - witly
o wilhout o difTusion barmer = is only of-
fered by ope manufaciurer. PEX pipes are
available in dymensions ap 10 DN 100 nun
whergns the PB pipes are offered also up fo
PN 125 mm. For pipe joints, 3 vancsy ol
Jodnl svsiems are available, mosi af 1hem are
of iype press ar screw fillings: An exceplion
is 1he PB pipe. which can be welded

The advantage of plastic medii pipe svs-
1ems 18 iheir Nexibiliny. This bolds nor onls
for the plastc pipe but also for the ol pipe
svslem including insulavion and gcker. Even
far the Laorgest diameter the midimam medius
of curvaiure is given 0 1.5 m. In all pipe
sysdems, cxcepl (e Uponor-Ecoflex and
Tarco, the insulition 1% made by PU=foam
covered wilh an outer jacket of FE. The
Ecoflex syeicm uscs PEX foam insulation
witli a PE jacket, and Tarco uses a PL-lfoam
with a jacket of an elastomene cthvlenic
butvlscrylaie

The mwst imiporiant difference betweon
plastic pipe svstoms and prennsulated sicel
pipes is their simple and quick assenibly
Whereas s typical time for (he consimction
of a section of preimsolated pipes might be



counted in weeks, plastic medium pipe svi-
tems can be installed within o few days,

In assembly, only simple tasks lave o be
carned oul which can be completed quickly
For this reason it has been shown that the
same contracior can manage all installation
work, The pipe ditch s kept quite narrow
with m minimuem of excavated material since
no welding work has 1o be made down in the
ditch (except some large holes for jeints or
service Tecs), The sand bed can be immed)-
akely filled up, the plasiic pipe luid down in
1% Tull length and ihe ditch can be celilled
wilhin hours excepl miav-be the excavation
of larger boles made for joints or branches.
By thot wav, roads are usually anly blocked
for some hours, bradges are pol required and
trallic antermuption and other impact o the
public 15 kepd at a minimom

Conncctions of PEX-pipes are best carmied
oul w8 press connections. They can be
moanted asing o specinl tool far more
quickly than o welded consection on a seel
pipe. Visual control of the joinis is suffi-
cient. However, PB pipes are commonly
connected by welding

Whereas the pipe bayving effort for the main
pipe system s considerably lower for plastic
phpe systems compared (o preinsulated
pipes, branches requing about the same efMort
for both systems In plastic medium pipe
systems, branches are produced very often
with prefabricated Tees and the joints have
i be carelylly insulated and 1ighicned

Comparing plastic medium pipe svsicms
with preinsulated steel pipes it con be stated
it - all work considered - the effori spent
for laving plastic modivm pipe svstemis is
wery il less than for premsulated steel
pipes. This resulis also in lower toial pipe
syEREm Cosls in compansan with the prein-
suldted pipes In stwides mude on Sweden,
Crermany and Denmark i was shown that
e el systemn Costs jire well below thase
fanr premsulaled pipes op 1o DX G5, the dil-
ferciice being larger the soaller the dimen-
sions are Thin means that the main advan-
tage of plastic medivm pipe sysiems can be
found in applications where the transponied
encrgy is below 300 KW

K - Material aspeces

The mast dominani questions concerming the
plastic medivm pipes are the limiiatons i
iemperiture and pressang ol one hand and
ihe oxvgen diffusion i the ather hand

These questions have been investigaied in
different laboratories in Europe as well in
ihe USA. Plastic pipe properfics have been
improved during the vears and carly meas-
wremenis should be taken with caution. Re-
liable measurements for ihe lifetime expec-
tancy of FEX and PB are nowadays avail-
shle. These measurcments are based on both
real me laboratory measurements for more
than 10 vears and acoelernled measurements
at clevated femperatures and show that the
fime 1o failare is depending on batls presssire
mnd temperature. By inking mean valoes of
the time Lo fadlure over different measure-
meht serics, lifetime diagrams is funcioen of
temperature and pressure can b con-
sirucicd. Such diagrams arc now proposcd (o
be included in the new standard for plastic

pipes,

For a district heating application with a
ternperature dependent lil.l;lplfl' [T TS HINH b
fre, 0O wanter and TOOC sunumer b and in
operating pressure of 3-6 bars, the expected
life time can be calculated to be =108 years
for FEX and = & vears for PB pipes

An imporiaol quesiion is it of oxvgen
permeation through the plasiic pipes. Un-
treated PEX and PB mterial exhibit such a
Bigh mite of oxygen permeition il such
pipes only can be used in special applica-
tions where all metallic materals in comact
with the water s Gulfil feesh water guality
stanadanils

Therefore plastic pipes are covered with
permeation barrers in order (o reduce the
oxyvpen pormestion. For PEX as well as
iporvcrdiys also for P, all commercial makes
for district heating use ethylenvenylalcohol,
EVOH, as such a barricr

Measurements of oxygen permealion
through plastic pipes are very difficult 1o
carry oul and can easily be based by svgicm-
wiic grrors. In recont times, such measure-
ments lawe been performed on FEX pipes by
laboratories in Sweden, Denmark and Ger-



migny, Usually such messurements are re-
Enied 1 3 given pipe dimension. Depending
af the temperatiee and the lest site, (he
permeation difference between svsiems with
and withoul barriers is in the orders of 10 -
LRI

The mosi imporiant question 15 which ime
pact the remaining oxygen permeation has
on the possibility of connecting plastic pipes
10 sieel systems. lavestigations have been
perlormed ot Fernwirmeverbund Saar in
iGermany. The expecied corrosion rmpict
from oxyvgen due to plasiic pipes in iwo
combaned svsiems with twice as much plas-
i pape volume ag sieel pipe volume, was
cilculated 10 be less than 0003 = 001 mom loss
of sicel pipe thickness doringg 35 vears. A
stuedv im Denmark resulted i sl lower
values. Hence from these and other meas-
urements the conclusion can be drown that
ihe equilibrinm contribution of plastic pipes
fo the oxvgen leakage is negligible and
plastic pupe systems can be mixed with sieel
pipe systems

The infMuence of the diffusion of waler va-
pour through the wall of PEX medium pipes
on the pipe svstem is under investigation in
Gormany. In pipe sysiems consisting of me-
dia pipe, insulation and jeckel. sccumulation
of moisture in the insulation of 1he pipse-
system or alse on the inner wall of the jacket
can be expected. if the permeability of the
jocket is less than that of the medium pips.
Motsture which accumulates in the insula-
tion 15 expected to reduce the thermal resis-
tance of the insulation. This on the ather
hand will increase the wmperature of the
jocket and hence increase its permeability
until an equilibrium will be reached. Hence
cach pipe system is expected to have s own
balange of humidity depending on operation
temperiure and materials mvolved in jackel
and insulation. It is expected that the indus-
iy will use results of ihese measuremenis
for further optimising the waler dilfusion
propertics of their plastic medium pipe svs-
Eoms

i = Field demonstrations

Three exumples from Sweden, Finland and
Germany are presented in Appendis C In
these projects, care was laken of using the
advantages of plastic pipes as system size.

Pipe dimensions and operating condilions
were concerncd. [n two of these projects, the
sdvaniages of constructing the smallest pipse
lines by means of Twin or even Cusdruple
pipe svstems has been used. Although it s
difMiculi 1o compare the costs of built sys-
tems and non-built caloulited systems, the
generdl conclusion was that a total cost ad-
vantage for small pipe svstems (< DN 65)
exists compared 10 conventional steel pipe
technigues

However, it has been found in parallel proj-
ects in the same countries | Sweden, Ger-
many, Finland}, thet new installatien tech-
nigques such as cold-laving and refill 1ech-
nigpues for stecl pipe svsiems and also the
use ol Mexible steel and copper pipes. cape-
cially wt operiting conditions compamble 1o
those of plastic pipe svsiems, also lead to
reduced sysiem costs

NOTA RENE:

Nummuries of Conclissions and Recom-
mendutions will be found in chapter T for
the enginerring pard and in chapter 10 for
ith ssmarferial et
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Section A
ENGINEERING ASPECTS




Introduction

Plastuic medinm pipes have in some coun-
iries, especially in Scandinavia, begn used
for many vears in Noor heating apphcations
and in smaller local petworks. In Denmark
ihese pipes are also common i distnc
heating systems. [n spite af vears of experi=
ence, many poteatial users shll express cops
cern sbowl ihe feasibility of using plastic
pipes o district heating, mosily bocanse of
the limitmtion in pressure and icinperniuns
which must be observed when using plastic
mcdinm pipes. The use of plastic mediom
pipes is also limited by cost 1o relatively
small dimensions, i.¢. below 100 mm i
amcier, which makes il necessany 1o mis
sicel pipes and plasiic mediuwn pipes in
many applications, & combination for which
experience has not becn systcmaticilly col-
lected to date.

Plastic medinm pipes have undergone ap-
preciable development during the last two
decades. Compired 1o enrlier pipe syslcms,
the range of maximum operational icm-
permiure has bocn increased and oxygen
permeation barmers have been adopied. This
holds especially for PEX which i 1l domi-
nant medinm pipe material on the market,
Thetefore many operators of disirict heating
nebworks are now considering ihe advan-
tnpes amd posgibilities which are offered by
plastic medinm pipe syvstems: Especially in
the low diameier range, the cosis of distri-
bution networks can be substantially reduced
and installation lechnigues simpliGied, pro-
wided that pressure and lemperature condi-
tions can be chosen iccording o the aper-
ating conditions for plastic medim pipes.
For this reason the District Heating Asso-
clations in different countries. e .. Swedi,
Denmark and Germany, are working witl
their own recommendations for 1he plastie
migdium pipe svsiems. Furthermiore, under
the wmbrella of CEN Technical Comiiies
107, Waorking Group 10 is preparing the
publication of standords for plastic mediom
pipes.

With all ihese activities under way il was the
opinion of the Excoutive Commitice of 1EA-
District Heating & Cooling [nplementing
Agreomcni that the time was miature for
simanirising the expericnce of plastic mc-
dinien pipses For disirict beating and to give
euidance 10 ihose enginecrs and iechniciins

in the field having expericnce wilh heai
distribution, but being less expenenced in
ihe manter of plastic mediom pipes

Hence thie wim of the profect was fo com-=
pife kmowshow amd instollation éxperience
Sfrom different countries amd fo prosent the
resuwlis alout plastic medinm pipe fech-
migies in the form of a handbook

Mlost of the expenence can today mainly be
gathered from three counirics:

I Pemerark district beating has o tradition
of choosing as simple solutions as possable
and the lowest design (emperaturcs are used
Hence, for o long vme plastic mediam pipes
play an fmportant role inoall bu the larges:
district heating networks. Denmark is also
the country with most European manufac-
turers of plastic pipe systems. The Danish
Techmieal Institute has significant expen-
ence in testing and evaluating plastic pipes

In Sweder, a special plastic pipe system has
been developed during the eighties in con-
pection wiih a specml system application
technique- the Grudis system - and Studevik
Polyimer AB is one of the mos respected
institutions regarding life expectancy meas-
uremenis of plastic medivm pipes. Sweden
has also an imporiant manufacturer of plas-
e medium pipes. In 1996 ihe Swedish Dis-
trct Heating Associntion worked out re-
commendmions for PEX pipe systems and
storied o series of demonstration projects.

Crermiany has recently compleéted o 7 vear
long R&ED project devoled to the safe use of
plastic medivm pipes with o combination of
both laboratory and feld iests. The Urility
Fernwirmeverbund Saar was the main con-
tractor for the Germuin project and respodisi-
ble for the Neld rests, Laboratory 12sts have
een performed by TUY Minchen and Staal-
liches Malerialpriifungsunt Nordrhein-
Wesifalen. Some other measurements wene
also carried ol by e Fernwarmelorschung-
sinslitul Hannover

The authors of this handbopk were invelyed
in the development work in Sweden and
Ciermany. However, the creation of the
handbook was guided by an Expents Group
which was very belpiul by adding the cxpe-
rignce from other countries: In this contest
we would hike to acknowledge the contnbu-



tion of all ihe other members of the Experts
Giroup for substantial contributions regard-
ing both district heating expericnce and
content of the handbook. This group 15 in
alphabetical order

Canada: Rob Brandon, Matural Resources
Conada, CANMET

Denmark: 5icen Palle, Logstar Ror ASS

Finland: Yeli-Peklka Sirola, Finnish
Dastnct Heating Association

Germany: Horst Sicinmetz, Fernwirme-
Verbund Sunr GrmbH

The Neitherlands: Gen Boxem, Novem
H Y

Sweden: Ture Nordenswan, Swedish District
Heating Association

United Kingdom: Paul Woods, Merz
Circhard

In order to set vhe context of the handbook
some criteria were established on the con-
1eni. The tochnical and expericnce status
should be thal of sulumn 1998 and only pape
systems available commercially in more than
one country should be included. The hund-
book does not deal with experimental sys-
tems and does not include materials which
are under development excepd as appropnate
remarks under the chapler “Further Devel-
opments”. Hence, these constraints imply
that most of the content deals with and is
valid for PEX pipes, and that only a limited
amount of information is devoted to poly-
buthylene (BP) pipes. Polypropylene (PP)
pipe systems are not included at all in this
handbook

The hamndbook 15 devided into two main
pars: An empinecring part, Section A, that
describes the main aspects of wsing and
applving plastic medium pipes, including
also svsiom economics, and a meferlal pari,
Kection B, giving more detiiled background
information about the specific material
properiies. Complementary and reference
information i included in Section O, Ap-

prendices.

In the enpineering part the plastic pipe
systems defined as the medium pipe, insula-
tion and protecting jackel are described as
well as components and techniques for joints

and laving practice. Funhcrmore operational
conditions and system cxamples are pre-
sented. An important section deals with the
ccomomic development of plastic pipe sys-
lems in comparison with conventional siecl
pipe lechnology.

The muterial part describos hasic properics
of the plastic materials involved and the
conditions and ranges for its applications,
This section slso includes corrosion risks
and possible requirements for water treat-
mcnl

Finally, as Appemdices, svstem examples
from difTerent couniries and references to
literature and standards are included.

Nomenclature

Nominal diameler

The nominal dinmeter DN of plasiic pipes
refers mormally to their ouler pipe diame-
ter. However, in order to facililate the
comparison with steel pipes, in this paper,
DN refers to the pipe inrer dismeter i not
stated olherwise

Preinsulated sieel pipes

The expression “preinsulated pipes” al-
ways refers to preinsulaied steel pipes ac-
cofding 1o EM 253,

Twin pipes

The expression “double pypes™ or “twin

pipes™ are equally used for pipe systems
with two medium pipes within the same
insulated jacken pipe
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2 Plastic pipe systems

In the following chapiers, plaviic pipe vysiems are always appearing and there are other

preventdy available om the market will be charges in supply as a result of companies
introdiced. The desceiption ix not intended o xmalgamating snd being reorganized. This
be a repeat af the text found in the udustrinl activities show that these new pipe

manufacturers’ catalogues, but iv @ reporf of  systems have favourable prospects of
all the xystems from the same point of wiew s development.
that their characierisic properties cam be

better compared Only systems that are
available {mrermationally will be comsidered L1 Description of plastic pipe
Special developments which are still being sytems

tested in pilot planty or which are not yet being

All plastic pipe systems are charscterized by
ﬂw rouncry Sarders have nes bews having the waler medium pipe made of plastic.

They are covered by insulation, usually of
polvurcthane foam, but in some cases of PEX-
Poam o mneral wool. The outer cover i
formed by a jacket pipe once more of plastic

In spite of this similar principle of construction
for all systems, the details and their functional
operation are very different between different

systems, The differences consisis of!

s Muterial of the medium pipe, e.g. PEX or
e

*  Pipe srrngement: Single or double (twin)
PIpEs

s Material for the thermal imsulation: FUR
or PEX-foam or mineral wool

»  [Design of the jacket pipe: Smooth, corr-
galed

¢ Construction: fixed or loose connection
between the medium and jacket pipe

* Joining lechnique: PEX medium pipes

joined by finings
s Physical dimensions including unit
lengths.

Figure 2.1 gives an impression of the vanety of
the systems. For this renson, plastic pipe
systemns cannol be pssessed uniformly such as
preinsulated stecl pipes according 1o CEN 253
Fipes of the type | are found most frequently
o the market.

The plastic medium pipe imposes a limit on the
higthes temperature mnd opemiing pressure
allowed. Although there are differences from
one manuficturer (o another, the general limits

Foupere 7 [ oyl aff B orailiee Vit slviope of il pafet iowiesd uf “r': m!i‘m&mabmrl:
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Pressure; 0.6 MPa {for individual very

This is necessary becuuse there i1s a large small pipelincs 1MPa),

fMuctuation i the supply of these pipe systiems
In addition to products which have proved

themselves over many years, new developments As plastics are not absolutely gas-tight, thare s

& concern that oxygen which gets into the



district leating water from the ouside can
resuft in corrosion of steel components in the
svslem. Plastic pipes for district heating
networks now include a barrier laver to prevenl
oxviten permenting, see Section 9. Pipe material
without an oxygen diffusion barrier is consi-
dered to be unsuitable for use i district heating
networks and hence will ned be treated here,

Gienerally, thin polymer lavers or metal foils are
available as diffusion barriers in plastic pipes.
In pipes for district heating networks, palymer
filins wre wsed almost exclusively, and metal
foil only in individuenl cases. There @re some
manufacturers who fit their pipes with a thick
metal fioil and the foil s thus also wsed for the
pressure containing funclion. These pipes are
then virtually metal pipes, protected from
corrosion by plastic layvers. Such pipes will aleo
mot be deaht with here, as, from a cost point of
view, they are nol competitive with pipes with a
polymer barrier layer and cannot be used even
in the nesr future in district heating
applications.

Onily complete pipe systems will be presented
where. i addition 1o the pipe material, all
components such as connections, formed
pieces, transition pieces, and even the pecessary
toaks and technical support are available from
the supplier, It should be peasible to constrsc
ihe pipeline with the available parts withoud
additional delivery from third parthes being
NECESSATY.

OF the 4 pipe constroctions, presemed in Figure
20, the systems | pnd 2 are most often found
current installations wheress sy=tems 3 and 4
are nok a5 frequent or are preferred in particular
countries. System | is most similar (o the well-
established preinsulated eel pipes. Apart from
having & plastic pipe instead of the stsel pipe,
ihe respective prechicts also show considerable
ilifferences regarding details.

The most important functronal wnits of all these
pipe syslermns ire!

Medium pipe
Thermal insulation
Jacket pipe

Pipe joints.

In the following, thewe components will first be
described i more detail and the destm variants
discussed regandless of the praduct. In Chapter

2.2 the individual products will be dealt with in
detail, as they are found on the market loday.

[t has already been mentioned that the
manufacturers follow different marketing
strategies. A few of them only offer plastic pipe
syelems for very small diameters, Thus they
assurne that plastic pipelines are nid n
combinntion with preinsulsted pipes. The
network then consists of lines of premsulated
pipes and howse connections of plastic systems.

Other manufacturers deliver plastic pipe
systems up to DN 110, so that small CHP-
networks or secondary networks are compleely
equipped with plastic systems. Only one
manufeciurer {Flexalen, Austrin) offers plastic
systems above DN 100 and plans to extend this
runge Qill further.

LLI Mediam Pipe

In todlay's pipe systems, the mediom plostic
pipe consists either of cross-linked
polyethylene (PEX) or of polybutylen (PB).
Maostly PEX-pipes have been mstalled whereas
one supplier uses material PH. PEX-pipe s
tilay & mass-produced article, because it is
manufsctured in grest quantitics for Noor-
heating systems, whereas PB is installed 1o a
musch lesser extent. The man difference
between the two maderials is that PB can be
welded whereas PEX muost be installed with
metal connecting elements. However, PR is s
plastic moterial, which is not very easy (o wivk
with.

The pipe material is manufscturcd in an endless
proces and rolled onto drems, large PB-pipes
are also produced in fixed lengths, The basic
pipe s normally produced in mass-production
s & semi-finished article and supplied to o pipe
system supplier for further treatment. The
system supplicr fits the pipe with thermal
insalation and the jocket pipe and completes it
with the necessary ttachments, Many system
suppliers use the same basic medium pipe,
which is 4 standard produd., For reasons of
competition, the brmnd name of the basic pipe 13
sometimes changed.

Must plastics show certain permeability to
gases. For disirict heating operation there are
two important diffusion processes. See

Figure 2.2: Firg, smnll quantities of oxygen
permente from the air through the jacker pipe,
insulntion and PEX pipe sand dissolve in the hiot
water. This axygen i= 4 danger 1o sieel
components such as mdistors and Boilers i ohe
heatimg circuit. They can corrode if sufficient
quantities of oxygen are available,



Secondly, waler vapour moves through the
plastic pipe wall to the ouside, [7it cannot
escope through the jacket pipe it accumulates in
the thermal insulstion and increases the thermal
conductivity of the msulating msteral. Withm
the lifetime of a district-heating pipe, hent
losses should nol become so high that the
function of the pipeline or ils economic
operation is endangered.

Insulation

ey 2D FM e A s

PR gy

The diffsion of oxyvizen through the pipe is
prevenied by a barrier laver conastmg of a thin
film of & plasbic laving an extremely low
permeabiliey for oxygen, A thin layer of the
muenal EVOHL ethylenevinylaleohol, reduces
the [rcrr'u.m.lhih[':' |'|:..' i Twctor of phout | (N and
is then sa low that it can be olernted by a
district heating network, Lsers have expressed

Figeew 1T Dwiips o rahaerr pases
mncawir i orruparnl el

the wish that the barmier loyer should be colored
sir (hat damage can be eastly recoinized.
Although manufacturers of PEX-medium pipes
say thut coloring is a simple process, only one
brand of pipe is colored af present.

The diffusion flow of waler vapour is from the
nsnide to the maside comespondmg o the
partial-pressre gradient. The EVOH-barner fiw

axvigen is incfTective for water vapour, The
water vapour leaking through the medium pipe
musl be able to flow oul of the jackel pipe so
that the functienality of the pipeline is
muimtained. see Chapler 2,13 Jacket Pipe

Ii i5 well known that mesaks ore gas nghy and
that diffusion does not occur. Medium pipes
with a diffusson barrer of metal ol offer good
priofection both agamst oxvgen diffusion & well
a5 waler vapour diffusion, However, metal foils
swith their physical properties that are differem
from plastics disturb the struchre of the pipe
will. For instance, the different thermal
expansion coefficients can lead 1o & separation
beiween the metal and plastic layvers and there-
fore 1o a weakening of the pipe construction
ind itz barmer function. Alsa the apphication of
pipe joints can be problematic with this type of
PIp=.

212 laxulorion

The fallw inu_ mmderiils mre used as thermal
imvsilation:

o  PLIE-foam as composite foam
o PEX-fonm

s Minerl wool

¢  PLR=molded msulstion

PLUR-{omm is the most [avowred moterial foe
ihvermal insulation. 18 has proved 1o be highly
suitable for district hestmg networks. it has
excelleni thermal ih!IJLqI!iﬂtp I"‘-W-Ir" and is
purticularly good for confimuoes product ion of
plu.'il'n: T!li|'h: SYClems., '|'|!||; |'|_1ar1| hwd here 5:.
often softer than in the case for preinsulated
giee] pipes. This is possible sinee it 45 nod 50
thermally and mechanically stressed, The softer
foam gives the pipe more Aexibality so that it is
ensier to handle at the building sie.

When the compound pipes are foamed, ithe
gpace between the medium and jacket pipe is
completely filled so that water cunnod creep
along the pipe if 3 leik should eceur, Foams
nlso have & very high permeabality o gases
compared Lo solid materials

A frequently used product, see Chapter 22.2.1,
uses PEX-foam as insulation. Strips of foam
material are laid around the medium pipe;
ﬂ.rl:ﬂl:.. the Iﬂ-}ﬁ'i e Ial.:gnl.

Two specific pipe constructions are presented
in Figure 2.1 Mo 3 and 4, Pipe Noo 3 uses
mineral wool, with which the spaces of the pipe
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insulation clements are filled. Pipe No 4 hasa
very special constrection of the thermal

[N, n

i ulf

unsulution. The thermal insulation consists of
sphiericil-molded pins, which can be hitted 1o
form m tube, Esch insulagng body consists of
FLIR-Toam, which is coated with a PP-shell. As
the conmection beiwes Dwa ir|'-|J'.|.||:|.I:ir||_.,'|I beoidies
are formed as a ball and socket joint, this
msilating tube can be very easily bent. How-
cver, this thermal Evsulation resalts in alr flled
cavilies

L3 Jacket pipe

The jacket pipe separates the thermal nsulation
from the groamd. The jackel must be capable of
bearing a load, 5o that it can take up the
foumdation stresses of the grownd, and the walls
st be '\.1|.|"I-||.1|.-|11|} thick so thad 1!|-|::|.' e not
IJI.LII'IEIEI:IJ dureng work al the bulldmg sie

Jacket pipes for plastic pipe systems hove 3
typical wall profiles, see Figure 2.3, Normally,
jacket pipes are smooth. The thickness of the
walls is thinber i mosl cases compared with
preansulated pipes. Oiher pipe systems use
shightly or even strongly cormugaied jacket
pipes. The wave contour helps the lesibality of
the pipe and can also improve the pipe's lood
bearing capability

Usunlly low-density polyethylene (LD-PE) is
useil as material for jacket pipes. LIO-PE has a
higher permeability for waler vapour, 5o thal
comipared to HD-PE these jacket pipes favour
the diffusion of waler vapour from the sysiem
inio the ground, see also Seclion 8.5, However,
LIE-1"E has lower mechanical strenghl than
HD-PE

/

As an alternstive to the standird ML-PE poket
pipes, one manofscturer (Tarcs, DE) offers the
material ethylenie-butviacrylate EBA for the
Jncket pipe msnd his patended this sysiem,
European patent Mo, 0538538, This material is
mare permeable for water vapour than LD-PE
Singe i is also more elashic than the PFE-types,
according to the manufacturer this pipe system
& more Mexible
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204 Couplings and joimss

Pipes of PEX cannot be welded and are
therefore joined with metal coupling clements
Meetal connections are offered in large numbers,
ot only for the different system product range
Usizally there are several connector designs for
each pipe dinmeter for each brand of pipe.
However, nol all connecting systems are
suitable for use i diestrict heating building sites.
In particular, joints, conssting of many
components and requirng special efforts for
assembly, seem to be unsuitable for use in pipe
tremches.

The most sullable connecting elements o
district heating building sites are press fintings
ey consist of metal rings with a thread,
which connects the pipes once and for all by
pressing them ogether with & speciil tool,
Auxiliary aids mre not necessary end the correct
pssembly can simpdy be checked visually, The
press |'||li.|1.g~: are availnble for the whole
dizmeter runge of districi heating sysiams
Ihere are several product names for this
svstem, for examples see Figure 2.4,

Pipes of polybutylene can be welded and joined
using proven welding techniques, For details,
se Chupler 13, the Flexalen system,

Besides press fittings there ore o large number
of other joints, which produce the tightness
with the help of clamping nuts, clamping rings,
clamping curves, pressure flanges eic. Often
these are only used for a limited range of
dismeder. Several of these connectmg systems
were developed for water installations and can
now be used for district hesting networks as
well. Many syslems were also developed by
manufacihurers of medium pipes and are
therefore being offered in o similar design for
several different pipe systems. A selection of
thi different screw connections for PEX-pipes
is shown i Fipure 2.5,

The trend in the applicaiton is clearly going
away from screw fo press fittings. At this time
akmost all manufaciurers offer press fittings for
their systems. Al first press fittings were only
aviilable for small pipelines, but today there are
also some for plastic pipes of DN B0,

Since for several different systems, pipes are
classified sccording to the same siee standards
DI 1689273, it is possible in principle (o use
press fittings from one mansufacturer on another
systemn, This can be useful in repair work
However, when building new pipelines, it i
impariant to use only original componenis
belonging to the sysiem so that the warranty
conditions of the manufacturer can be upheld.

215 Pardicular aspects of pipe

commectiony fe buildimgs

Ini st vos ko pape material, manufacherers also
supply the tools required and usually the pipe
pocessorics s well. In the first instance these
consist of the finings or a building set, with
which the transition from district heating
network 1o the house system can ba produced
relishly and economically, see Figure 2.6

The building set consists of & foundation, which
nlso serves as anchorge for the end of the
plastic prpeling, In addition, it ncludes both
shut-off valves for the outgoing and retum
pipes and provides s tundsrd connection (o the
himise svslem

Retrofitted connections o existing pipelines
mre produced using branch shaped pieces,
whereby the mam pipeling is cut and a branch
clement fitted. This can either be a construction
of screwsd hall shells, see Figure 2,12, for
example, or it can be a compound component
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of medium and jacket pipe that is fined into the
pipe system with 3 slecyve joints. K looks like o
shaped pioce for plastic jacket pipes whereby
the medium pipe of steel is equipped with press
fittings.

For cost reasons, the number of fittings used in
plastic pipelines is kept as low as possible. In
addition 1o the small valves already described
above for ntinching the pipe (o the buildings,
shist-ofT valves for complete pipe sections. arc
mchisded in ndividual cases. These are

Fagwre 7 ARARTEL R s
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preinsaudpfed steel valves, as used for pre-
insailsted stecl pipelines. For PB systems, small
valves are svailable which can be welded mito
the PR pipes.

1.1 Systems with PEX-medinm pipes

For the selection of pipe systems see
introduction to Chigler 2

211 Bonded pipe sysiems
2LEL1 ABB-FEX flex (ABB Ixolrokr)

Basically the ABB-PEX flex-sysiem has the
samme construction as o preinsulated pipe based
on EN 253, The medium pipe is o plastic pipe
ol PEX with a diffusion barrier of EVOH. The
thermal insulation consists of PL/R-foam and
forms the connection between medium sl
Jjacket pipe, The jacket pipe is made from PE-
LD, Figure 2.7 shows the medium pipe and o
connecting element.

Omly 3 pipe dinmeters can be supplied for this
svstem and these are DN 16, DN 20 and DN 25,
wherely each nominal diameter is available in

2 wall thicknesses. The pipe comes to the
building site as a single pipe system i a roll,
and delivery length is from 20 to 200 m
depending on the dinmeter.

The maximan safe loads e B05C constand
lemperaiure, and the pipe material DN 16 and
[r 20 can bear up to | MPooand D 25 and the
largest anly 0.6 MPa. This pipe design is hased

o @ minimum lifestime of 30 vears.

The connecting elemenis of the mediom prpe-
line are metal connectors with sealing rings.
They are pressed on with 8 spocial Lol and
cannol be undone. The tools and o completed
ponnection are shown i Figure 2.8, In addition,
screw fittimigs are available but anly recommen-
ded when there ks insufficient space to carmy out
press connections, for mstance in connection
with teg-connections.

All nevessary shaped parts are available for
making branches in preinsulated steel pipes o
plestic pipelines. Jacket pipes are joined with
mcial half shells, which are foamed with PLR-
Foam for tharmal insulation. Figure 2.9 shows
examples of branch lines. The pipes must be
kept toa minimum radius of curvature in the
laying process. These are from 0.5 10 0.8 m
Minimum cover of about 40 to 30 cm is
recommensded

i
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221.2 Brugg-Calpex

The Calpex district heating pipeline is a
compound pipe based on » standard medium
pipe of PEX. The medium pipe is fitted with an
EVOH-diffusion barrier against oxygen. The
PEX-pipe is surroumded by thermal insulation

increnses the flexibility of the pipe. The system
is supplied as 4 single or mubiple pipe sysiem.
Figuore 2. 10 shows the construction of the
Calpex pipe.

Plastic pipelines are supplied as single pipelines
for nominal dinmeters from DN 20 to DN 80
(110 % 10); double (twin) pipelines are provided
in the mage from DN 20 to DN 40, Large
lengths of pipe material are either on drums o
in rings. Material on drums is available m
bengths of masc. 830 m (I3 255 and greater
nominal dismeters are supplied in lengths up to
ca, 200 m. The lengih supplied depends on the
nominal dinmeter and the wall thickness, Most
pipes are available in 2 wall thickneses

Rings are supplied i shorer lengths.

The manufsctore gives the maximem safe
loads for temperature and pressurc for Calpex
pipes as 95°C {variahle operation ) and 0.6 MPa
respectively, As connecting sysiems both press
fittings (Rehau system ) and screw fittings

{ Beulco system ) are gvailable, see Figure 2,11
The transition 1o sieel components is also
possible with metal connectors.

Comstruction kits consisting of half shells of
fiberglass reinforced plastic are available for
branches, Figure 2.1 [. These shells are filled
with PUR-foam. Shaped parts for the transithon
from single 1o double pipe systems are also
supplicd. These transition clements can be

of PUR-foam, which is flexible. The jacket pipe o onied with medium pipes of plastic or steel,

is slightly corrugated. The light cormugntion

Curved pieces we also

aviilable, see Figure 212,

2213 bopha-isopex

| The medium pipe of the isopex
syrlem conslsts of n standasd
PEX-pipe. The EVOH-
diffusion layer is colouned red
s that damage o the barmier is
easy 1o spol. Thermal insulation
of PUR-hard foun satisfies the
same specifications EM 253 as
for preinsulated sivel pipes.

Similarly, the jacket pipe is

i L]
{T5ht

o
L i g

manufactured according to EN
253, ie. from the material PE-
HI» and of the same wall
thickness as for preinsulated
pipes, Figure 2,13 shows the
Isopex pipe with red diflusion
layer and a connecting elemend.

Flastic pipes are supplied in

Fagurs I 180 Consracrion Calpey disseic? heariag pipet
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nomenal dimmélers [N 16 (o DN B0 { 100) as
single pipes and, in sddition, as bwin pipes in
the range LN 16 (o L3N 50 .-'l..u':lrl.]lntﬂn ihe
manifaciurer, The s dim lenjgth al pip
thal can be supplicd s the same for single
mnd rwin pipes andd amounts 1o 360 to 50 m.
depending on the nominal dinmeter

he himitmg sife loads for the mopex-sysiem
wre n lemperabere of 950 (variable operation )
andd o pressure of (L6 MPo

Press fittings are used for connsctions, see
Figure 2 14, Sorew eonnections should only be
used m exceplionn] corammstances, as these are
|:lrl|:||:.r|!:|.' intended for waler line installalsons
e change-over from plastic to mefal pipes is
also possible with metal connectors

I Bjguire 214 shows 3 .;-'-.:|n|r\-|||_'h. of Wiys of o
stucting branches i premsulated steel pipes or
PEX pipelimes. For conneclions (o premsulated
ppes, «J‘|;||'rn] arls o asse hly brafvches can be
used. Assembly branches are also applied when
the branch i made to a pipeling already in
operadion by means of a pipe dnllmg process

During the laying procedure the pipe s not
allowed to be bent more than to o redmus of 0.8
i 1.4 m, This varies according to the dinmete
and 5 vahd both for smgle and twin pipes. The
manufaciurer recommends o menimum cover of
40 cm nbove the pipe veries

A assembled press fintmg for the isopex-
medium pipe has already been shown m Fgure
2.13. The assembly is given in Figure 2,15

LS
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2214 Livesidie LR-ex

The Ligstde LE-PEX system is a composend
syxtem, which has the same construction us a
plastic compound jacket pipe. The medium pipe
i5 4 plastic pipe of crosslinked polvethvliens
PEX, which includes a diffusion laver of EVAL
( Wirsbo product) on the outside. The thermal
inslption comsitys of PFLUR, which 5 meadivm-
hard to improve the Mexilality. The jacke pipe
Is 8 smooth pipe of polyvethylene of low density

PE-LIY, Figure 216 shows the construction of
the pipe sysem,

Plastic pipes fof noming! dameters of DM 16 to
M B [ 100) are offered. Pipes up to DN 63 are
supplicd in rolls, whereby the lengihs are from
2000 toy 1000 m. [38 50 und larger nominal
diameters are available as pipe units, 12 m long,
because of their stiffoess

The manufacnerer gives the safe load limits as
95°C and (L6 MPa. The fwo smallest nominal
dismeters DN 16 and DN 20 are strengthened
and can tolersie PN 10 01 95°C. A Mlow apeed
of 2 m/s should not be exceeded 1o avoid
erosion of the connecting clemenis

The connecting clements for the pipeline are
metal couplings, which can be used i places
which are not easily sccessable. There are 4
different vpes, whereby those shown in Figure
2.17 appear to be particulerty suitable. In the
L phioto the mdividusl pars of the presa
coupling can be seen. The rebevant food is
shown in the lower piciure. Suitable screw
fittings for this systemn have already been
shown in Figure 2,5, Using the metal
Conneciors,  ransition from plastic o meial
pissible as required. For examgple, in the case of
cannec ivns io the mam pipelme and 16 branch
lines

Shoped pieces, which are built into the moin
pipeline, or combinations of connecting
elements with screw filtings and mounting
branches are wvailable 1o construcl branches.
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e connection of the acket pipes is made with
shrink sleeves, while thermal insulation is
provided by using PUR half shells

During the laving process, a minumuan raghus o
curvature must be observed. For the nominal
dinrmeters DN 16 and DN 20 this 15 at least | m
and for barper DM i is 1.5 m. The minimiam
cover 15 40 om

!
|
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2215 Torco PEXFLEY

The PEXFLEX-sysiom of the Tanco oompamy
is also a compound jackel pipe system. The
miedium pipe is 8 crosslinked polyethylene pipe
with an oxygen diffusion layer of EVOH. The
polyurethane foam is more lexible than tha
used in preinsulnied seel pipes. The jacket pipe
& mundle from PE-LD bl on demand an EBA
co-palymier (cthylenic uiylpcrylaie) can also
be supplicd. Figure 2. 18 shows a pipe ond of
the FEX/ FLEX svsiem with and withoul &
conmecting element,

The PEXFLEX system s available for
pominal dinmeters from DM 16 (o DN 40, The
pipe is rolled up in lengihs of wp to 200 m, with
nominal dinmeter [ 40 1. The maximum
length 15 45 m.

e manufaciure gives i Maximum operalmg
temperature of 23°C for varmble operation
Thiere are tvwo series of pipe materials thal can
he delivered, the maxinum operating pressure
ior one series is | MPa, and for the other ong
01,6 MPa, The coupling clements for the
medium pipe are made of metal. At firss the
medium pipe 4 expanded and then the press
fittings are pressed together using o special ool
The presa connector is also available as a
wansition piece with welding nipple on one side
o serew connection. Figure 2,19 shiows the
pressang ool

Branches for pipelines are construciod with
metal fittings, 10 which press fittings are welded
at the building site, see Figure 2.20, The jacket
pipes ore equipped with (ees for assembly,
Termal insulation for the lees consista of PUR
fommied on site ab lees
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The smallest allowable radius of curvalure for
the PEX/FLEX pipe 15 only 0.4 m for DN 16
and (.8 m for DN 40, The minimum cover over
the pipe is 0.4 m,

212 Nown-bonded pipe sysiema

In addition to compound constrisction., plastic
pipelines of PEX @re sometimes also produced
ms pape systems with imboun ded nsulation
Twao proghucts having s PEX medium pipe are
knoown and these are the Agquawarm and
Ecollex sysiem. A foww nﬁ'ﬂn;:llm'g af the
Aiquawarnm pipe are known from Sweden
Ohatzide Sweden thiy system can be ordered bul
ix wery rarely applied. For this reason the
syatern 15 only mentioned here for the sake of
complétensss. Cn the ather hand, the Ecoflex-
wyatern ks produced and installed migside
Finland

r o e Y | l'.-;r:-urmr Eeaflex

The Ecollex-Thermo-System fior distrct
heating pipelines i made of several lavers. The
miediurm pape ( Wirsho pricluct) consists of PEX
and bears an oxyvieen diffusion barrier of
EVEH. Thermal meulation % I.'I:H'!Ir.H'rml of
wirveral IJ:rlf'l'.". ol T imals, wee | igure a2l
The misulation material consists of crosslinked
PE-foam. When a pipe sysiem is produced in 2
mpsilation classes, an extm msulating liyer is
adiied to the insulatvon. For small pipes up 1o
D 40 both single and twin pipes can be
:.lrrlplitld. Alsoa l:l:l'l.lu.ﬂrq:l syslem for four prpes
distribution systemn 15 avullable {up o DN S0

The Ecoflex syslemn s smnple pipe iu
available in the nominal dismeter range from
3 20 0o DM 90 (1 10x 10} and ns doukle
pipe from DN 20 10 DN 40, The material i
transported in rolls, whereby each roll
contains a length of up to 200 m for the
smaller diameters and 100 m for the larger

The medivm pipe can be safely loaded wp to
i B35 for variahle operaling lemperuiures
o with 8 pressure of 0.6 MPa. The lowest
radius of curvature is given by the manufictres
as 025 - 1.2 m for the smgle pipes, depanding
on the nominal diameter, and for double pipes
gz 0.5 to | m. The minimum cover i 0.4 m for
Ereen areid up 1 09 m for roads with o iy

traffic load

Fuor the connection of the meddum ipe, the
manufacturer offers 2 different connecting
systems: the Wirsho screw connections of the
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PEX-pipe manufacturer as well as the Ecoflex
system. The Wirsho joints are shown i Figure

o i |

2.22 for average-sized pipes

Figure 2.22 shows an open T-branch on an
Ecollex prpeline. The mediem pipes sre joined
with metal fitmgs and screws. As jacket pipe
connector, divided kalf shells are filted, They
are lnid around the branch, cemented and fixed
with hose clamps. The thermal insulbation is
miegraled in the wall of the half shells. The
cavily befween the modium pipes is not filled

An mspection shafl is available fior the Ecoflex
system and this can be adapted 1o all nominal
pipe dmmeters. In Figure 2,23 the constrsction
of the shafl can be scen

2.3 Pipe systems with non-FEX medinm
pipes

For the comutnection of distrcl hﬂ!iﬂj:[
pipelmes, mn attempl has often been made 1o
use thermoplastic pipe misderials, since,
comipared to PEX, these would make it possible
to weld the components. The following
materials could be considered for this:

¢« PB Polybuivlene
¢ PP Polypropylene
=  PVOF Polywinyliden Tuoride

Polybulylemne hns proved seceessfisl for district
hesting pipelines and is being used today in the
Auestrian systemn Flexalen. Therelfore, this
systemn will be described in more detail in the
following section. Although PP material has
already been tested in district heating pipelines,
it has ioo low strengih properties for the normal
u-pl:'ru.hnH lemporalures al district |:|:nl|h|.;.
Regarding its physical properiies, PV seems
1o e highly suitable, however, it is a too
cxpensive matcrial.

Belore the system Flexalen is desaribed more
exncily, it should be pointed oui that there are
other munufachurers who have lexible pipe
products and make their pipeline elements
pecording to the specifications of (he
conimeton, eg. the company Star Pipe-AlSs
Diencdke Rbrindustre, Fredericia-[DK. The
products of the company LafMler, Worms-[3,
can be similarly classified and 1o some extent
these form a separste programme and partly
supplement the programme of the Flexnlen
COMEPAY wilh specinl :lupi."ll phcees,

The Flexalen wystewm

The Flexalen sysiem s noi 8 composiie
n'u'l:.l:nu.'rim sl i Toeimed ol individiaal
elements. The medium pipe of the supply and
refurm pipes s fitted in the protecting sysiem
[mechanical protection, thermal insulation and
protection from moisture) perhaps only after
.q:.u."mhl}'. The paris can be oombined, The
comeslruchion and homctson of the Flexalen
system 1S shown in Figuee 2,24,

e medium pipe consists of Polybuiylene PB
and it lies freely in the thermal insilation, In the
case of double pipe construction, the outgoing
anid redurmn prpcs are in=talled in a common
profecting pipe Apart from the pipe walls, the
pripes are nol Seulsted against each other.
Thermal insulation consisis of round bodies
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fitted together with ball and socket joints
forming a linked tube, The material ks PLIR
foam covered by & lining.

A jacket pipe of PE provides external
profection. I is comugated o increase the
flexibility. The medium pipe in its standard
fiorm consists homogensously of thermoplastic
Polybutylene PB, Today, in addition, a design
is offered with an EVIOH diffusion barrier.
Uil the medium pape with diffusion barmier
seems to be suitable for district heating
pipelmes. ( The manufacturer isell recommencds
pipes without barriers for districd heating
networks. )

The program for Flexalen pipes extends from
the pipe dimensions DN 20 10 DN 125, Small
pipes up to DN 65 (30) are supplicd in bundles
of 100 m bengths. Larger nomingl dismeters
froum D B0 {100 are available in pipe lengths
of 12 m lengths

The limits for temperature loads are 25°C for
varmble operation, whereby the maximum
pressure is fixed o 0.6 MPo, however for the
larger pipe serics it is | MPo The radius of
curvature 15 nof permitted 1o be Jess than 1.25 m
for material on rolls and o1 least 16 to 20 m for
pipe sections of 12m lengths (large dimen-
sions). The manufsciurer preseribes coverage off
50 to B0 cm, depending on the load.

The standand cormection for te pipeline
material is welding for the thermoplastic
materinl, whereby standord processes according
to Crerman stnndards DVS are applied, see
Figure 2.25.

In sddition to welded conpections, there is also
the possibility of using metal couplings, such as
those applied for PEX-pipes. The tramsition
from plastie to metnl s also carried ol with
these types of component. The jacket pipes are
confecied with slip-on sleeves gnd shirink
sleeves. Insulating shells arc fited &t pipe joins
s thermal insulatron. Al pipe branchies either
shaped parts are uwsed insulated with FUR foam
or the molded components are foamed on
location, see Figure 2 26, Today, also
preinsulated Tees, ellbows, etc., are svailable



2.4 Key features of plastic pipe
svslems

If one compares the properies of the plastic
pipe systems described in detadl in Chapter 2.3,
one sees the typical piciure of B new direction
in development, There are numerous. ideas and
possible approaches that compete with one
mnother and no genernl agreement has been
reacived, &s is the case of the standardized pre-
insulnied stecl pipes based on EN 253, A
special position is only seen for the medium
pipe of PEX, for which almost exclusively the
standard pipe according to DIN 1689273 is
used. Only one muanfacturer still uses PH
pipes accordng to DIN 1696319, There s
lively further development of the technology
for these systems.

The pipe nominal diemeters, which can be
delivered for a pipe sysiem, jrve an impression
of the chanoes of success that the manufacturers
see for their pipe malerial. A few manufctiorers
iy offer the smallest pipelines up fo DN 25 or
XM 40 in plastic, whereas other manufacturers

propose pipes up (o DM 80 and even larger than
O 100 as well,

The micst imposriant properiies of plastic
sysiems are summarized i Table 2.1, This is an
ivdication of todny's state-ol-development,
January 1999, 1t docs nod replace information i
manufacturers' catalogues, which is contmually
changing.

A few points given in the Table are assessments
that are only useful for comparing the systems,
for instance regarding longitudingl water-
tightniess, Mexibility and water sbsorption. Even
when these terms are not exactly defived
phisacally, they are important aspects in the use
of these systems for the supply of district heat.

The flexibility of the pipe is an important
property for the assembly of the pipeline. Up 1o
now other important data on all products are
missing, although they would be easy 1o deter-
mine. These include the torsional moment
required to form a particular redius of curva-
ture, In this way, the higher ngidity of the
system at lower temperniures might also easaly
be desaribed.

Table 2.1 consists of the 4 parts:

I. Measuraments and msteral

2. Safe loads, construction

3, Pipe joints

4. Particular properties of the system

L5 Advantapes and dissdvantnges of plastic
pipe symiems in comparisen (o pre
insulated pipes

Today, preinsulated steel pipes provide a
relinble systern that Gills the requirements of
district heating operation. Primarily, cost
conspderations show advanizges for plasic
systems. As the selection of the most suitable
pipe systems for a particular project always
means a compromise between the different
propertics, the advantages and disadvantages of
plastic and preinsulsted pipes are shown m
Table 2.2, In summary, it can be said that
plastic systems have limits, in particular with
regards Lo operating temperafure and pressure
gnd that they are only particularly sultable for
sminll pipelines, On the other hand, they offer
the sdvantage of a quicker and simpler
mssembly ol the building sie. Table 2.2 also
presents a series of criteria thit show the basic
differences between the systems in respect o
pipeling planning and operation.

Normally the diameter of a pipeline 5 defined
by specifying its nominal diameter. The inner
diameter of pipes is in general somewhat barger
than thetr nominal diameter. Plastic pipes
correspond fo other standard dimensions than
steel pipes. The plastic pipes have normally
smaller mner dinmeters resulting for district
heating pipes in only a small oversizing of the
inner diameter, if ot all. The plastic pipe
manufscturers describe often the advantage of
the pipe walls exhibiting & low friction factor
compared lo steel pipes allowing a higher flow
velocity for the same peessure drop. This
advantsge is partially counteracted by the lower
flow wres of plastic pipes.

v
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3  Laying practice
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In comparison to the building of preinsulated
steel pipe systems, the laving of plastic pipe
syvslems reguires a compleiely different organi-
sation of the work on the building sile. In pre-
insulned pipeline building, the engineering
compery musi first dig o trench, which, Tor the
wholc time required for (he assembly of the
pipeling. has 1o be wilked on and driven over
The trench can onlv be filled i again when the
pipcline has been checked and sleoves come-
pletod. wmially afier a period of several weeks
With plastic pipclines, the pipeline assembly is
reduced to a minimum, The pipe material, for
instance, 15 taken from the mll directly inie the
trench. which can be filled in again immedi-

f-l"'

ately, Here the cngineening work mvelved in
digging the wrench determines the speed of
laying, whercas, in conventional laving. the
assembly of the pre-insulated steel pipes is the
ume determining fsctor, (Fower, mew cold-
favimge Fechmigues recently developed for steel
Fpes are changing i situafion)

In pipe laving, o dilference st be made be-
tween 2 situnlions

1. Exiension of the network in orcas. which
are (o some exicnt already supplied with
districi hea

2. The development of new housing arcas

In network exiensions, the pipeline sections
that have (0 be il are usually short house
connecting lines, adapted to the pressure and
iemperature behaviour of the cxdsting muin-
lines. There is usually no possibality of using
pipe material which is suitabde for lower pres-
LTS

In new building developments the operting
parameiers can be selected according 1o the
averall econaanic paint of view, whereby the
pressurne rating of the pape can 10 be tken inlo
consideration from the very beginning. When a
plastic pipe network i planned, it can, if nec-
essary, be scparaied from an established sicel
pipe network, operatod with higher icmperm-
tures or higher pressure, by means of @ transfer
Shon

Im new howsing development arcas with small
dwellings., it 15 economic o Ly the expectad
house conmections (assuming that connection
to the butldings is expected in the not-too-
distant futurey ot the same Lme as the main
line is burilt. District heating lincs are then laid
before road construction, bul a1 the same lme
as other supply lines for water, electricily, elc
Figure 3.1 shows o developmeni ans wiih
districi heating lines; the bars mark the con-
necting poinls for the service conbections

In planning the routing for the pipeline, there
are essentially 3 different concepts, which are
shown in Figure 3.2, Example | shows clearky
how (lexibly the material can be wsed. Example
2 demonstrates how the connocting clemends
can ke scoessible lor maintenance and contiral
Combined laving with preinsulated stecl pipes
is presemed in example 3

3.1 Planning and design principles

Comparsd {0 steel pipes, plastic mediam pipes
do not require compensation. The tlemperatune
expansion cocfficient is indeed Iarger than for
steel bul the modulus of elasticity is considers-

i
w



bly less. The thermal expansion 15 s inken
up by {elastic) deformation, without very high
stresses occurring. The pipe system lies stable
in the ground. [n addition, there is the relic-
tion behaviour of plastic, whereby with lme
the material reduces the stresses by crecping. A
centain space for free movement must only be
provided for Hnes Iving in the open
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Figure 1.2 Examplés of roule planming
Maim and brgach [lars pladie pipes
Laovoipard- in Raping (e iar por leitid b coimieiiom)
Combmanon of preinmulaied pipes with plasiic piped

1,043 |
[i]E] 70 1] {11 100 110 120

Olperatng tempseature [C]

Figwre 3.5 Tha pervare Iile of PEX- owd P8-pipe materiad i o famstios af
remperancrs [10]
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Lifetime of the plastic medinm pipe

Manufscturers grve the lifetime of plastic
pipelines as more than 30 vears. However, il
respactive load lemperatuncs are nod alvways
given as standard practice, In Germany, 8
lifietime investigation was carmied out [4),
which has been reproduced in brict here, From
Swehish material investigations by [fsarson [,
3] lifetime curves for PEX and PB were de-
rived. These curves represent lifetimes as a
function of 1emperatures (based on Arrhenius),
see Figure 33,

Dvigtract bheating lings are. nommally opemied

wilh varnipble ouigoing temperaiure. Figure 5.4
shows typical temperature bins for the varia-
tion of outgoing tempersiure between 90°C and
60°C. Too caloulate the average temperature,
which determines the lifetime. the following
Palmgren-Miner's cquation is wsed:

Ea
==
-t
r

For the tempertune distribution based on Fig-
ure 3.4, an average lempemture of 63.5°C is
given. A minimam Hfetime of 30 vears s asu-
ally required for distric heating piping systems
[1]. From Figure 3.3 it can be seen that at
63.55C the lifetimes of PEX and PB are well

over 30 years,

Figure 3.3 also shows which constant operting
temperiune the pipe matemal can bear. For
PEX a constant temperature of over B0°C is
Miowed, for PB ca. 73°C. (Note: This is only
trug for the material of the medium pipes. not
for the laid pipe sysiem. )

The Gernman supply companies are af pressnl
confirmiing a standard, which will allow a lond
of max. M, varable operstion and 0.5 MPa
for & S0-year lifetime of the pipe systems deall
with hiere.

This calculanon s based on & stanic safiety
factor of 5 = |8, compared with the mormaal
factor § = 1.5 for stecl pipes. The safety facior
is increased for ¥ reasons:

s unceriainitics about the matenial on long-
term behaviour
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1o take into acoount the sdditional dresses
due 1o bending

#  because of the unknown behaviour of the
material as 8 resill of consrained thermal
EXPAEI.

Flmw velocity and presvre fosa

Flow velocily in plastic pipes should nol ex-
ceed 2 mis. This limit s been st by the
mansfaciurers so that erosion of metal parts of
copper alloys cannot occur. 2 mds 2 a very
high flew speed for smiall pipelines so that this
limitition is not serbois

In regard o pressure loss, the suppliers of
plastie systems insist that these pipes would
have lower pressure losses than sieel pipes, as
they have & lower roughness. This cannot be
generally usseried. Steel pipes of the same size
{nominal dismeter) useally have o lorger inter-
nal dinmeter. The lorger mner dameter com-
pensates for the effects of the roughness, For
insiance pipes DN 40 in sieel and plistic have
ihe same pressure loss in practice.

1.2 Ground conditions and trenches for
plastic pipe sysiems

Similar 1o preinsulated steel pipes, pipelines
with plastic medium pipes can be laid

Wy T

I

JE

in all types of ground. In the case of
stony ground of rock il i3 CVen more
imiportant (o prepere & chean sxnd bed
for the pipes. Usually the manufactur-

—F ers insist thit the pipeling is embedded

| in a sand layer, nbout 10 cm thick

- = (5 to 15 em depending on the manu-

] q B faciurer), see Chapter 2, Table 2.1,

3 F i line 3.5, An example how the plastic
- 3 pipe systems are recommended to be

ﬁ :fi —F insalled in Sweden is given i figure
2 3 = 1.5, For twin-pipes the trenches can be

T = padnirnurs 500 mim under nosd suniaces wily heavy inafic
T = mansrmum 500 mim under rosd surlaces wilh ght irafic
T = miirmare 400 mm whder surfaoess withoul o e

smaller than for single pipes,

The jacket pipe of the system profocts
the thermal insulation from moisture
in the ground. A temporary rise in the
underground waler lével above the
pipe vertex is allowed. However, the
pipes are nad subtable for Inving where
they will be continuously under water.
It i% to be feared that in this case the
waler vapour diffusing out of the me-
ditem pipe can no longer permenls
throuh the jacket pipe to the outside
nned, with time, will collect im the

Figwer 1.5 Teemrhes for feaible ttaply and hed piper scrmnding 0 the Aew
Suwadink dayrmg rulea J16]

insulating material. Increased heat
hsses will nesualt from this situation,
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In new housing development areas, the pipes

are laid in sloped trenches, I is often advanta-

geous to install the district heating lines to-
gether with others, eg. domestic waler pipes
Im this way, the costs for enginesring works
can be reduced, as the tolal guantity of earth,
which has to be removed, i less than when
cach operation 15 carried out separately. The
shaded arca in the middle of the drawing in
Fipare 3.6 shows the saving potential in

building masses; it amounts (o ca. 20 %. The
actual valoe depends on cach particulsr sitis-
tiom. Factors of importance clude the depth

required for laying waler pipes to reach a frosi-
froe area and the necessary separation between
water pipelines and district heating pipes o
ensure that the water is nol heated above the
allowed temperature.

The pipe trenches for plastic pipe systems
can be just us Mexibly sdapted 1o the route
condilions as in the case of electricity ca-
hles. The trenche: can be I::l:"pl NArToW, 3%
ihey do not need (o be walked along when
ithe pipes are laid. A changeover from the
pipes laying side-by-side to one on top of the
other can be done without any problem
Figure 3.7 shows 2 examples for service
lines, utilising the advantages of plastic pipe
sysems when planming the route.

313 Layving technigues

The process of laving plastic systems is com-
pletely different from laving sieel pipes, The
mnst zignificant differences are ihe Mexibiliny,
the low weight and the pipe lengih, which can
bex cleosen mi will, see Figure 1.8,

Severnl manufacturers only offer plastic pipes
o supplement premsulated pipes for mominal
dimmeters up to DN 40, For these small pijpes
the advontages of the Dexibility and weight sre
particularly clear. They bocome bess for in-
crensing pipe diameter, as the thickness of the
madium pipe walls mcrease considerably,

PEX-pipes with un mner dismcter of 90 mm
have & wall thickness of 10 mm. These pipes
are already wvery rigid and are considerably
more difficult to handle. [t should be noted thst
the material rolls itself up again affer being
taken off the drums and so has to be treated 1o
Prewemi that this hllFlPl,".'ll.'l These diificulties
increase at lower puldoor temperaiures, o the
Mexibility is strongly dependeni on tempera-
ture. It has proved sdvantageous to use devices
for removing the pipe from the drims similar
i techniques used in lnving electricity cables
ot in some special cases, to heat the pipe inte-
rior with haot wir to make them more Mexible

For this reason, depending on the manufic-
furer, pipes greater than DN 65 are normally
anly olfered as pipe lenths. Then more pipe
connections are required and these nesd adds-
tional costs for material and assembly.,



Fipure 1.8 Exgmmples froem the

lavang praciice

The combined laying of plastic pipes together

with preinsulated pipes seems 1o be particularly

pdvantagemes. Here, the most favourable mate-
rial is used depending on the ground sieatson,
In combinmtion with preinsulated steel pipes i
should be noted whiether the pipeline is laid in
a friction fixed or ree-sliding sone. Connect-
ing clements of plastic pipelines should not be
stressed perpendicular to the pipe axis. How-
VT, |.|:-|_|.|.|]|:-', |'h|:!,- are able 1o withstand stress,
Therefore, it may also be necessary to fit
branch lines with expansion cushions or to

make the connection as a
paralle] branch, see Fig-
wure 3.9

Imsertion af plastic pipe-
liney in conducty (oloted
CenmilrE chion)

In special situations. an
nllernative loyving method
% offered by lnvimg in
closed vrenches, e.g. for
crodsing roads or similar
barriers of for house con-
fieetions throwgh the front
garden, The development
of drilling technology has
mecani that drilimg proc-
esses e, hased on the
principle of displacement
{earth hammer h or o
hydraulic boring (Flow-
Fex and others) are now
being offered by service
companics. In the gas
supply industry these
drilling processcs are no
lonper anly being applicd
for crossing roads and
bt connections. bul ane
oven being wsod [or lon-
gitucinal laying, Figure
310

The installation of district
heating pipes with their
appertaining thermal
insulation requires a
check to be made on
whether the traction
forces reguired bo pull the
pipeline into the dnlling
lead o any oversiressing
of the pipe materials, The fellowing estimation
determines the allowable length of pipe using
the ﬁumph; of the product Likgstir, To some
extend, the olher systems are nof equally suit-
able for being subjected lo longitudinal stresses
due io thelr design, e.g. Ecoflex, Flexalen

There wre considerable uncertainties concem-
img ihe traction Forces which can be applied o
pipes. Depending on the type of soil, and the
drilling process, various tunnel forms can oc-
cur mnd a fushing Moid can have 4 certan



line [or the traction
lorce of a pipelineg with
an e dmmeter of 171
i

F=0l62-1+3 [kM|
F = Tractin force [kM]

I = Lengih of pipe to he
inseriod [ )

These miction foress,
messured on B corru-
guied pipe [Flexwell-
Fermherzkabel ) were
alsa applm.‘l 10 & sl
rii:pvr.', a% il i well-known
thai frictional forces on
COFT ut:u:l-:'d and smocth
prpes in the gronend are
|:lfu|'||'|r-:n:1m|.|.dq|:. 1he
sarme order of Tk
fisde. This traction force
was calculated for olher
dinmeters assuming that
the same stresses prevail
for cach unit surface
area of pipe (which
means the same as for
exch unit area of pro-

pectiom )

The cross-section of the
meedium pipes and

puckel pupes are hased
on the geometry data of
thi pipe malerunl. Hath
pipes are trealed sepa-
riely as far as theer
strength s coneerned, as
they are made of differ-
el materials

The benrmp strengih of
ihe foam is ignored. For
the medium pipe of
HOPE nnd the jacket
pipe of LINE, the fol-
lrwing are used as
sireises for comparison:

lubricating effect. Actual measured values of

traction forces on district heating pipelines are

available from WWS, Stutigart | 3], and these o0 gy 10 Nimm®
abso form the hasis of the ollowing considers-
fions, see Figure 3.11. From this presentation,
the functisn can be determined as regression

Figury )9 Tjuncpion and
panrandlel Bruach of pladi
o e di PRI

lahed papae o % Wimm®

JN
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In wrder fo avoid both an overicading of the
pipe miterial as well a5 too large deformations
of the pipes, o safety fsctor of 5= 1.5 is ap-
plicd. With these assumptions, the allowable
lemgth of pipe that can be pulled into the drill-
ing is calculaied as given in Table 3.1

A special problem in disirict heating networks
is presented by the connections which have 1o
be made to an existing supply pipcline, From
an opermtional point of view, 1t would be desir-
able to inchide fitings for shutting=oiT , drain-
ing and venting, For cost reasons. they ang
however being more and mare oficn omited
Pinsaic pipes could offer an advamage here in
the future, if they could be closed by squeering.
#ec Figure 3,12, Thas techmique 15 already
being practised for cold gas pipes. However, it
has not vet been approved for a district beating
application. Special matenal investigations
will have o be carricd out, for instance with
reference to EN 12106,

Frgure 511 Tracton forve whan pulliep o corragond pow
wille pier aimner [ = 7] mm st o Flew Ton-dealling

Tondder B Alowabls dewgihn of pipe LR-PEY o diffoinr
dharmamary winch ran ke pudiva! smn o i

i = s g diomeler

= = " .y - " w1 = wind] phacknis of mdium g
Tpparation | m
_ Parsardornaneg pas — b Pl ' gt PP SR
S = wol] ihicknesy of juclker pipe
Diameter Pipe Geometry Allowable Allowable
DN traction length of pipe to be
pulled-in
d i D sa
[mm] [mum] [mm] mm [kN] [m]

|6 2 30 e ok 2.7 24

25 32 29 17 2.2 35 29

12 40 17 S0 2.2 48 is

50 63 58 125 2.5 10.2 67

20 110 10,0 &0 3.0 2065 137

29



o

1t L LT
P S - S - . -

S
R = T

Frgure 1LI'3; Sgueaning af
plashe pines

34 Refilling and control

In principle & tightness and pressore test could
be carned out after completion of the pipeline.
However, there is no standard practice. Both
the owner and (he manufaciurer can decide on
whether or nod such tests are (o be undenaken.
A tightness rest will ofien be onned, in par-
ticudar when press finings are used o pipe
jaints. A pressure tost with 13 times (he
I GPCraling Pressiure is seen 45 abso-
lutely essential by some munufcturers, allier-
WIS [0 EEAmIEE 1% e,

I o vightness tes is carried ol dn the pipe
system, the shrink sleeves ane installed Iner as
the pipe connections nuest be scen for the
ighiness congmol,

The tightness pest 15 preferably cormied oot with
aIr, as o e exacl contral 15 obtained using
air than with water. The pipes are closed and
brought up to an inper sverpressure of cn

30 KPa. The pressumsed air should be froe of
oil. 1.2. the compressor should liave an il
filter. All connecting parts are tested for tight-
ness with a fooming lepeid

A, pressure best on the pipelose, g, wathi | 3=
threes e maximumm operaling ressure, 1% i
muandniory. It can be insigied upon by the own-
ers of the consiniction

Wihen filling in the pipe trench, first the pre-
servbod sand bed 15 constmicted. As ir as pos-
sible, the soil extmcied from the trench s nsed
for refilling. so bong as o complics w the
regulations on road building. The 1oeal surface
cover of the pipe must correspond o the

manufaciurers’ specifications for ik load in the
particular cirowmstances.

In areas used for pavements and parks, the
requircinents of the compactness of the trench
filling arc mol a5 high as for roads. Here an
anicinpt s made (o simgplify the process by
washing in the bed mutennl However, this s
only possable in sandy subsoil amd grouwnsd that
hos good drainage

3.5 Esperience Trom Swedish install-

In Sweden, some plasiic medium pipe sys-
fem were recently instialled within a project
for demonstration of conversion of elecirical
resistance heated buildings 1o district heat-
ing {sce also Appendix C1)

A51 Hewse io house system

In one project - Munksund - the sysiem
connechion was carried oul a3 house 10 house
conncction with no benaching in the groand.
The pipe systzm was Ecollex Therma Twin.
00 1 of trenches connect 44 houses in a
secondary sysiem which in turn has been
conmccted 1o a distrct heating main syvstem
by micans of b subsialion,

The following installation experiences are
warthwhile to be mentioned from these pro-
jecis

The pipe installation work was carried out
by p single contractor who could optimise
ihe complete work according (o his own
planming. The digging was done with a
chain-digger which can make a trench 300
iin deep and 3 mm wide, Thas s 8 very
small machine suwliable for working in gar-
dens as careful as possible. The maching
could dig up 10 5 house connections pes day
{125 irench meters), depending on the con-
ditions with trees, bushes, other obstacles
suich as conducts, garages and enlrance
gates, For passing concreie garages en-
trances, aligrnative digging such as under-
pround drlling or pipe pushing can be a
chcaper and faster method. The average pipe
cosls were 990 SERSm trench (124 US%/m)

The pipes are connecied 10 the howse sysicm
Cu-pipes in a small sutdoor installation bax
= logether with valves, encrgy mcter and by-



pass. However because of the mininum
radius being larger than .5, a deeper hole
has to be dug below the box in order 1o di-
rect the pipe towards vemical position. This
can give conflict with ofher existing con-
ducts such as clectrical cable nnd drinage
system. A special designed house coupling
should allow 1o connect the pipe at a cortain
angle Trom the vertical and thus avouding
this problem.

The rehill work is best done by the contrac-
ior, however, the fine surface restortion is
very oflen preferred 10 be done by the howse-
owner bilmeell in connecibon wiih the new
planping or restoning of the garden archi-
tecture, Hence the contract with ihe house-
owners should take care of the resianration
wishes of 1he house-gwner

The air-venting of the pipe svstem in house
to house syslenis 1S very impottant because
of the many pipes sloping upwirds 16 the
house connections, Hence & suitable venting
device should be installed & e subsiation
making sure that the air can be removed al
the start-up of the svsiein

AL52 Teaditional tree type installition

In the tecond project - Hiljarp -, 105 houscs
were connested wilth a conibined Copper =
PEX system 1o 4 recently buill bionumss
bodler rated m 800 KW [n toqal 3440 my of
pipes were installed with an average speed
of 35 m per dav. The Cu pipes were used for
ihe largest dimensions of the main pipe,
whereas all dimensions below DM 65 i
were made in LE-PEX (Logsibr). The pipe
rouling was done iraditionnl by with the mmin
pripes in the streets ind senvice connesclion la
cach house, A very thin lnyer of sand was
filled below and around the pipes. the res
maining teench was refilled wil the exca-
vialed material. Again only oae conbmctor
wiks responsitile for all the pipe installation
The average pipe cosis were 940 SEK/m
(L7 LSS/ m)

3.6 Commissioning

In comventional laving practice. 3 types of
compuies will be nocded,

s acivil engincening company
» 1 pipeline builder
= an insulaing company.

This can be simplified for the laying of plastic
pipse svslcims so that only ane company 15
necded on the buikding site. Henoe the work
can be organised more effectively, there will be
no stwndstll periods and 1he wiilisation of
equipment will be betier, It his proved being
clfective for the manufsctaner to instnect per-
soqusel from the ol engiscenng company on
e Laying of plastic pipe systems, The com-
pany can finally complete all the work on the
blding site withowt having to call on other

spocinlised companles.

In oxrder 10 be able to take advantage of all
possibilinies for reducing costs with plastic
pipes, there st be more intensive discussions
between the utility representative and the con-
irectors, and the svstem manudactuner shoukd
also be included if necessany. In this way,
problems, which could become appareni during
the construction wark or cven Luer, can be
sollved beforehand.

The following procedure has proved elfective
for producing a reliable cstimate and hence for

drawing up a favourable bid.

=  Wisit 10 the building site (roule, warking
space, storage arcas, building sse equip-
meni)

= Regquirements of civil engincering works,
pipng ystcm constructon and resoring
the surface have to be described accuriely
and completely,

¢ Anoverall plan of the project should be
made and should be available 1o the bid-
ders, building times should be discussed

nngd an agreement moade.

s The manuficturer of the sysicm (o be used
s be specified. Funthermore the come-
pany's standards that are to be used huve (o
be defined, ¢ g, concerning connecting
iechnigues, sleeve lechniques, branch
Iechniques, house conneclions gic,

*  The bidder should be required 1o visi the
siie before making an offer,

il
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When the placing of orders is being decided,
planning details should be discussed in depth
anad the results are 1o be wrillen in an agnee-
aecnl

A warranty for the new system of al least 5
vears shoubd be required. In addition 1o repairs
1o the pipeline, the guarnmee should imclude
excavating the ground and resonag i apain
and also any additional costs involved,

4T Installation of plastic pipe systems in
comparisen o pre-insalated
steel pipe systems

The maost imporiant difference between plastic
pipe svsiems and preinsulaied s1eel pipes ks
their simple and quick assembly. For example,
in ope project in Genmany il Wias necessan o i
cerain project to plan for b weeks for the con-
strsctaon of o preinsulmed pipeline sysem. The
samie system with plastic pipes could be in-
sinlled within a few days. This means s
distrnct heating pipe bullding for 3 simall
Towsang area can be completed in o week

In pipe assembly, only simple msks have 1o be
carried out and these can be conspleted guickly
Faor this reason, as far as pessible. only one
company should be involved awd responsitle
Tor optimising the building process itsclf, For
small pipelines, these building companics use
cormespondingly light and masocivmble
equipment, with which ihiey can work eili-
clently. The pipe trench s kepl narrow, I is
dug with a small shovel-dredger, trench cutter
or similar squipment, and, if possible. the
excavaled sodl b5 piled up at the side. This is
oficn the case as the pipe system with the ne-
cessary sand bed can be guuickly insalled and
ihe trenches can ihen be filled in immediately,
When necessary, particular poinis along the
pipe route, such as pipe joiins ind conneclions
are filled-in somewhal later, For (his reason,
rosiels are usually only closed for @ maiter of
hours and moad boadges are not requieesd

The pipe assembly is very quickly completed
sinice only 4 few connections lave o be made
and these connecting points can b positioned
where an open hole. The time-consuming as-
scmbiy of 4 leak delecting system is ool ocs-
sary and nelther are the cormespoad g es
INEASUPEITIETIS.

The owlgoing and retum pipes are luid in the
dhitch from above, without having o walk in
ihe wench, Changes in pipe durection can be
ensily undertaken and, just ok eisy is the
change from ihe pipes ving side-by-ude 1o
ome=ae-lop=of-the-o1her and back again. There
i mo iecd for expansion fones around the
pipes an the divch, an operation which is most
fime intcnsive,

I tlse coze of plastic sysioms, pipe joinks ae
best carmed oull a5 press conncctions. Visual
control of the poimt s sulficient. They can be
carned oul using a spesial tool far more

quickly than o welded connection on a steel

mpe

Whereas the biing of the pipeline 15 consid-
erably easier for ihe plastic svsiem compared to
preinsulaied pipes, branches require sboot the
samie effor Tor both svelems. [n plastic sye-
tems, hranches are produced with formed
pieces or willi mounting componenis. In any
cose, the connections of the medium pipes have
10 be inade and the mouniing components have
fo b additionally insulafed with PU-foam an
location

Adl things considered, the effon for laving
plastic pipe svstems is very much less than
Tor preinsulated sicel pipes.
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System Technique - Application and Operation

-
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4.1 System applications
4401 Specification of plastic pipe spsfem
mefworks

The plastic pipes available for districn hoat-
ing purpose are limited (o a fow wpes that
can opernic 3l a high temperatire of 90°C
and o medivm pressure of 0.6 MPa a5 shown
in Chapter 3, Cross-linked palvethviene
(PEX) and the polybutvlene pipes meet these
requirements, Hence for the use of plastic
pipes system provisions must be taken so
thiat the pressure limil conditions meniioned
above are observed and kepl under contral
for the total operational time af (e s stem.

@

P

Figure 4.1 Prineeple of presiw
vt framiformar for separution of
maim from [ocuwl nei

to

Ihe best economics. For example, smaller
wervice conneciions can be plastic pipes,
while the main pipes can be stecl pipes.

Direct connected systems might be the ideal
solution for smaller, so called fow tempera-
hire nerworks, The design conditions for o
syvstem wilh dircet connection of plastic
pipes must iake inlo account the customer
installations, Due to the lower imasdnmm
allowed temperature, the heat exchanger in
the customer substation for space heating
will be slightly bigger. The commonly used
brazcd plate heat exchangers docs not in-
crease signaficantly the total price for a sub-
station, should a few
more plates be re-
guired. The pressare
limitation réquires a
svstem where bath
the static head is
maximum 0.6 MPa
and the wotil dy-
famic pressone is
| within the design
canditions. This
paits some limits on

@

@

4.0.2 Connection fo primary nebwork,
muin fypes

4.4 .21 Direct conneciion

Direct connection of plastic pipes 1o 5 distnc
heating system ks possible under tlse copdition
that the highest supply temnpermiire mnd il
masimm statc pretsnne do not excoad the
mEsamn parmmeters specificd for the plastic
pipe. Bormully this means for PEX pipes, 1.6
MPa and 907, Alsa ilic plasiic pipe st have
i sy gen bipmier applicd

The specifications st be valid for the
whole district heating svstem. I most steel
pipe systems the rating is specilied 1o |6
MPa and 100°C = 120°C {or even ligher in
some countries). 17 the plastic and the sicel
sysicm arc directly connected, 1he smme
Fafirge musf e app!lr:.f_.ﬁul‘ it enlire Xy sl
The plastic and ihe sicel pipes can from
desipn point of view be equal and mixed for

Jj

:Hﬂlﬂl local the clevations that

can be handled in a
retur Nt plastic pipe network
n

4122 Dipect connection with pressure
irdrsformer

The relatively new technology of using pres-
sure transformers for separating the local
net from the main net inoa district heating
svstcim con be applicd when one would like
o mix a plastic pipe system with a stegl pipe
system, 9PC /1.6 MPa. Especially if for
some reasen the supply temperature of the
svatem already is as low as #°C, a further
temperiture drop can be avoided by using
the pressure irinsformer instead of a heat
exclanger

['he principle of a pressure transformer., also
known under the nxnie ivdeaulic switch, is
shown im Figure 4.1, In twa pressure vessels
(25 and (i), the level of the boundary layer
between the supply and the relurn Iempera-
fure are conbrolled by temperatire sensors
which i turn contral two pressune contnl
valves (1) and (5) respectively, Pump (4)

13
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only. Marmally no other
conbrol system is noces-
sary as long as the statkc
head is below 0.6 MPa,

413 Conmection to
the heating plant

Thee installation within
the boiler howse or in the

Cimeser §

substation bailding for o
scoomdary connechion 15
normally carried out with

stcel pipes and sieel
ciquipment. The boiler
circul operies in such
case al higher tempera-
fures suitcd for sfe
boller operation

a4

Figudw 4 1, [ndirep! comnwi
e of @ plasdic pupe iy siem foe
o v pipe drrirecd headvag
dWifd™

balances the differences in relurn giressure
beiween main and Tocal net and piigp (7]
provides circulation in the local pet, The
isoliting valves (1) sepamic the privun
from the local set in the case of cincricncy
Whenever such a situition happeis, (he
water body 8 moving through the respective
vessel avoiding fast temperature changes of
the returm pipes. The systean insores il the
Tocal plastic pipe network cannol be oyver=

loaded

4 L2 3 [fwdirect comnection vl el
exchinigers

The principle 1o use & hoat eschianger between
ihe primary disticl beating svsico and e
plastic pipe system b5 the most coann way' io
codinect o local plastic pipe ned 1o existing
steel pipe system (see Figawre 4.2) at psonunal
opermting conditions (1 6 MPa and 1000C -
120°C) The existing system wsually cin of be
operpted with o lower supply lempeniune
withoul affecting the exisiimg customneer mstnl-
Lations

The only salely equipiment thal nus be
picluded is 4 temperature lmitanion for ihe
plastic pipe side of 1he heat exchanger and a
salety reliel valve that will Tt il pressure
in the pinstic system, should the e ¢x-
changer leak (0 the future,

The plastic pipe svsigm wall be designed
independenily of the sicel pipes and operic
As 1T 10 wos o custoumer subsiation for heating

Tlee convparabdy small systemns that plastic
papes cam b wbed for are oflen connected (o the
bosiler withoul a beat eschanger. This means
that the sme water flows through the bodler as
through the distribution system made of plastic
pipes With plastic pipes with diffusion barni-
ers, mormally o risk exists for boiler cormo-
shaii. However (he cormosivity of the waler
should b checked regularly in order 1o be sure
ihiat 1 specifications of ihe boiler munufac-
Buder By s

The botker circuil 1% connected 1o the plastic
pipe distribution system by means of a shuni
where the resirn witer from the customer is
insed with the hot water from the boiler 1o
provide the appropriate lempeniiune ac-
cording 1o 1he outside lemperature

d.1.4  Copncction fo customer

d 41 Twipipe comnieciing

Ius o pure plastic pipe system the distibution
system is eften connected 1o the building
heating system without beat exchanger

Chinly o "Pomp- & Shom™ is required, The
domestic hot water is provided via o he
exchanger (Figure 4.3). Aliernatively, a
conservalive connection may require heat
excluingers for both the space heating and
thiz doanestic hot water demands,
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4143 GRUDIS
xyatem

The GRUDIS connec-
hion was developed
prior o the introduction
of the oxygen barmers
The heat carrier 15 the
domestic ot water in
this concept. This 15
possibile when using
drinking water quality
of the plasiic pipe male-

ot ] % E ] G—oa—1— .| rial The cusiomer takes

ol L i 3 the DHW from the dis-

- 1. | I a |. iribution system. IT the
-E ] B & A F ) lemperature is 100 high,

¥ o — o ihe DWH is tempered

Figure 4 1 Cusimmer sanmeziaon
b mvates o " Pump- o Shum
fir Radivg ard vea el e
chumper for the domeriic fol
T

Figmre & & LRRITS 35900097
fLT) cmrtomer consecran

L0142 Fowr-pipe sysiem

The four-pipe connection is oflen used
between a few buwildings (1, e row houses)
that have a common substation. The controls
for temperatures are arranged for in the
substation and the risers in cach bullding
operaie as il they were in the same building.
Balancing valves for the headling risers may
be necessary. Some manufacturers offer
special plastic pipes for distribstion in (oo
pipe systems: Four medium pipes integrated
in one jacket pipe resulting in gquite simple
trench digging work, The pipe iz available
up o medium pipe dimensions N 32 which
is enough for heat and warm wiler supply
for 10-15 single fanuly houses

through o mixing valve,

Todday, the GRUDIS connection 15 mosily
wied when working with so low net em-
poeraiures that the tap water lemperaiure
(e 55°C) is difficult to achieve with a
exchanger between supply and consumer
pipes. This "low iemperaiure system™ 15
shown in Figure 4.4, The space heating
svsicm can be connecied directly of via g
heat exchanger.

IT the district heating svsiem is connecied to
existing buildings, the expansion tank and
cirgulation pump, [n new insiallations, floor
heating or low temperature wall heating
svstems based on plastic pipes can be ap-
phied. In such systemg also the radistor heat
exchanger may be omitted.

O consrse i is also today

]

E %

L\%i g -

possible 10 use unprofeched
medium pipes in the
GRLUDIS system: In this
case, the customer subsia-
tiom, the pipes and equip-
ment in the “heat produc-

Ii.

tion”™ Faciliites, e cireuls-
tion pump and valves, must
be of domesiic hol water

—

vz
PR R ——
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qualify, When the customer
has recirculation of the
domestic hoi water, o small
heat exchanger with a self-
nctuating control valve
would be instilled 1o heat
the circulaning water 1o

appropriate lemperatiune.
35
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415 Summnary sypsfem application

The PEX pipes available today with oxygen
barrier can be used together with boilers and
eteel pipes on the conditions that the maxi-
mium pressure and lemperaiuee, WOC and
0.6 MPa, is not exceeded. This applies 1o
new svstemis that can be designed 1o lese
criteria froms the beginming

I plastic pipes are 1o be connecied 1o an
exigting district heating sysiem wilh sinn-
dard design for iomperaiure and pressure,
100 — 1200 /|6 MPa, a heat exchanger
miast be installed (o separiie the two svs-
tems. This scpamtion unil is designed and
aperales as a normal customer subsfation
that only provides heating. The savings in
the wtilization of the plastic pipe system
miast cover ihe cost for this heal exchanger
station 1o justify the installation. In cases
where the primary temperaiure 15 W°C or
below, pressure transformers can also be

tilized,

Cusiomers can be connecled either iradi-
tronally via heat exchangers or by replacing
the radiator heal exchangers by a
pumpishunt system. In principle, also the
DHW heat exchanger can be omitied
through ihe GRUDIS connection, resulting
in ihe system with the most sample connee-
tion between boller house and consuimer

4.1 Dperational conditions and stralegies

Pipelines with plastic medium pipes are
being installed in the following 3 areas

¢ In small supply areas which often ke
heat from a local heating o CHP plani.

¢ [|n secondary networks, which are con-
nected 1o main district heating nets and
which are being operated witly reduced
presgure and temperature parmelcrs

« Assmall lings in existing supply net-
works, when pressire and enperaiure
are sufficiently low. This combined
laying is only uscd to a significant ex-
tent in Denmark.

Theere are oiher known uses, for insiance, pipes
for hot water supply or in chemical plants,
However, these wall not be dealt with here

411 Recommended sperational
conditions

Metworks with plastic pipes should be operated
with waiter lempenitures, which are as low as
possible. This mcreases the Lifetime of the
pipes. In Section 3.1, Figure 3.3, it was shown
hioww thee life-time indreises with [ower operl-
ing lemperaturcs.

Usually district heating networks are oper-
ated with variable supply temperntures (o
reduce beat losses, The maximuam operabing
temperature is only necessary for a few
hours of a vear

Il one compares a plastic pipe network,
which is operated al o constant temperatune
of B80°C with one with supply temperatures
varving between M/60°C, in the second case
the calculated Hifetime is increased by a
fctor of about 4, see Figures 3.3 and 3.4,

Flastic pipe systems have to be protected
from overloading coused by Lo high lem-
peratures or by 100 high pressures. A pre-
caution against exceeding the allowed 1em-
perature is provided by controls at the heat
production plant. In secondary networks
there is o temperature limiter at the heat
exchanger so that i is impossible 1o exceed
in particular this limit. Exceeding the pres-
sire limit is also impossible because the
plant s always equipped with safety valves,

The well-kenown regulations, for instance | 14),
are valid for the trestment of district heating
water. Demineralised waler s prefermed, as
Forg as the coms and effon are acceptable.
From the operition of district heating networks
with plastic pipes, it is well known that circu-
Enning wacr behaves differently from waler in
stoe] pipcs. After commissioning, relatively
barge quantitics of impuritics can be detected.
The impanitics decrease with time and, afier
about two years of operation, there is no differ-
eince froan waler in stecl pipe networks [ 10],
For e reason, circulating water in plastic
networks has 1o be fihered more inensively
after commissioning %)

In Finland, it has been proved 1o be sufli-
clent (o inlegrate generously dimensioned
filicrs in the circull to clean the waler al
mlervals of 1-2 monihs ai ihe siari of opera-
tion | 1. Fine mesh sizes down to ca 10
pemm qure used,



In addition 1o ihe supply of

municipal heat, there are
atler areas where district

heating pipes in small dimen-
sions are being built. These
include private building asso-
clations, public building ad-
mnistration sectors and the
armed forces. According 1o
thie manufacturers, these are
impartant purchasers of plas-
Lic pipe svsiems Experiences
of the freguency of hreak-
downs in Hese areas are only
available 1o o limited extent.
However, from the increasing
sales of plastic pipes. if can
be nssumied that the operating
resulls are gencrally positive

Of the tdal lengih of public

Frgnre 4.5 Hrancih flow
filter for diririe? hearng
serwort. [[Magrams (fom

HECD) cosrpasy )

For the Danish industry, complete hliering
stations have been developed and these are
now being butll, sce Figure 4.5, These filie-
ring stations clean the district heating water
in a branch Now (ca. 5 o 15 %) The water
flows through a magnetic separater (Feo(,),
15 filtered and set ot a pamicalar pH-value,
The plants work more or less aulomatically
and can be casily taken out of operation, ¢.g
for refilling with chemicals, as they are
parallel 1o ihe main pipeline. Microbaal
growih has been detecied in plastic pipe
lines [11], Although ihese microbes in
district heating networks are less seriows
than those in domestic hot water supplics.
even 5o they are nol desirable, They eocou-
rage the formation of mud ond, on one ecca-
g0, a mixture of inorganic and orgaie
impurities gave rise 1o livdraulic difficulnes,
Such problems cannod occir with the Glier
methods described above

4.2.2 Failures

Statistics on the frequency of Gakkures in the
varous pipe technigues have been produced by
public etiliies. From these statistics no reliable
stnement on plastic pipe systems can be puide,
as plastic sysicms only make up o soall share
of pipe used today and are therefore nol in-
cluded separately in statistics. Usially they ane
conusined in the collective position “other
laving techniquees™. They are only described in
meore dedail in the Finnigh stanisics

disinct heating netwoarks in
ile Ewropean countrics, Finland, Germany
and Sweden, bess than 1 %% consisis of plas-
tig pipe sysiems. From the Finnish siatistics
an failtures | 12] w can be stated thar these
systems show failures which are less than
avcrage, Paricular expericnce with plastic
pipe sysicms are avallable from the atilitics
Lahn, Finland, whore vanious plastic svs-
iemis (hut withou oxygen barrier) have been
installed since the end of the 1960-ics, Plas-
tic pipelines are reporied (o be extremely
relinble in the respect to leakage] 10, In
general, failures can be repaired ot low
Cosls.

Similar are the experiences from Sweden
and Germany. In Sweden, plastic medium
pipe sysicms hove been installed since the
cirly 1970-ies, for the most in local block
heating systems. In general, systems which
are properly built following the manufactur-
ers” instructions and designed by consuli-
pnis, experienced in plastic pipe sysicms
have been operated withoad Tailures How-
cver, in some casés, cormosion problesis doe
to the unprofessional use of unprotecied
pipes in sysiems installed before 1986 have
been very extensively discussed. For the
reason of overcoming this problem, the
GRUDIS rechnology (see Chapler 4.1.4.3)
has been developed. As it was the case in
Finland - the Ecoflex system was the mosi
common system used in Sweden.

37



M

Although there are no firm numernical data
fram Denmark afficially published, some
inforotion from the Danish Indusirial As-
sociation, as well as individual willitics and
manufaciurers, is avmilable, showing that
miare than 50 % of the smalles prpelings
ioday use plastic medinm pipes. Thus, plas-
fig pipelings in existing networks show a
higher share than in the other couniries. The
operaling expenences are good, the Guilure
rate bow [15] Also from Genmany the gen-
eral impression is reporned - based on the
limited uge of plastic miedium pipe syslems -
than plastic pipe syatems are reliable.

Summarising it can be said thar plasuc me-
dinm pipes systems have proved 1o be reli-
able snd have shown only a low Tailure rale
in operation up to now. The pipe conticc-
tions and the necessary sysfem compancnis
hove also proved themselves 1o be relinble in
the period of operation to dale

423 Muointenunce and repuirs

I the plastic pipe system is 0 secondary
network, then the substation connecting 10
ihe main ngt should be considered (o be pan
of the plastic pipe sysiem. This substation
necds of course some maintenance which
has 1o be very well documenied For exam-
ple the function of valves and pumps might
be controlled regularly and filiers must be
clenmed I Sweden, the stundard amoont of
mainignance work lor such devices is 2 % of
InvEstment costs per vear,

As to plastic pipe systeins, il the pipes arc
barricd without jeints in the groand, all Gi-
fings should be placed in such a way that
they are casily 1o be inspected. Expericice
shows, that the amount of maimicwnce work
for the pipe system in ths case s mther low
(FVF 1998 9), If the svsiems has filiings
buried in the groond such ns for the conpec-
tion belween sicel- and plastic pipes and or
branch and service connections, ile mainie-
mance effon is considered Lo be compirable
with that of stecl pipe svstemes. Much main-
lenance and repair work can be avoided by
making an adequae initial inspection of the
sysiem in connection witli the insmmllation
and before burying the fimings. In carly
projects, the pipe sysloms ware pressuniscd
with water at 30 % lagher than design pres-

sure. Nowadays, this procedure is in mos
cagei replaced by o 30 KPa air pressure test.

In ihe house staton, thic plaslic pipes are
very olien connccied io copper pipes. All
ihese connections should be inspeciable and
ustally no mainienance should be necessary
in recent systems (older fimings needed in
spanie cases a resdjusiment afier a couple of
vears), Muinienance work 15 mostly doe 10
ihe conventional installation components for
the house siation,

424 Neatus controf

Plastic pipe svstems are usually installed
switho el a signal sysiem for moisture detec-
tion and ether contrels. However, in many
cascs, o signal cable for information is laid
down 1n the trench, very often just in cise of
Tuture use,

Depending on the pipe system, madsture
penciration of the insulstion can damage the
insulation af the whole pipe zection (e g in
Ecoflex sysiems with PEX insulation), How-
ever 1he house 1o house connzctions with
end scctions bend upward in cach house.
Thig provents water [rom entermg the house,
The svsicms with PU-insulation limin the
spreid of waler by means of their design
Hence o maisture deleclion sysicm in com-
bimation with plastic pipe systems i€ niot
ponsidered 1o pay for itsell (presuming that
there is no damage to the medium pipe it-
scif)

However, as alrcady stated above, a larger
area small mesh size filter in the main sys-
tem angd smaller filiers @ the house stations
might be a very useful provision for regular
control of the water guality and indications
of eventual corrosion



£.1.5 Nummary — eperational benefits of
plastic pipe systems
The experience from the operation of plastic

pipe systems, also in combination with stecl
pipe sysiems ks aliogeiher positive.

Sweall brenches - Plastic pipe sysiems ise
small trenches and allow a maximal use
of refill material. The deplh of the
trench must be chosen according 1o (he
expecied loads In gardens and odher
arcas without traiic load, the depihs
can be limited 1o 40 cm above the pipe.
Thc sand bed Glling s recommended 1o
be 5 - 13 cm around 1he pipes

Combimaticer of plastic plpe an steel systems -
15 considerad 1o be unproblemane if plas-
the medium pipes with oxvgen prodection
are pscd

Co-imstaliations - with other ground buned
conductor systems such as cables and
city waler can appreciably lower ihe
total contract work costs. Hence in
mamy propects. capecilly 1o new diével-
Gpmenl areas, 4 single contructon can
do the job and cosis can be saved by co-
planning and co-installation of differ-
enl distribution and duci svsicms.

Low mumbaer of joints - plastic pipe sysicms
minimise the number of underground
joints and therefore the number of risks
for failures.

Pressure fexi with alr - plastic pipe sysiems
are nowadays pressure tested with an
over pressure of air (0.3 bar). This sim-
plifics the process for bringing the svs-
Lem inlo operation,

Plastic pipé systems are available ox Twiks
fup ro DN 48) mud for some makes alve
ax Chraitra sysiems fup fo DN 32 - al-
tawing the wse of small renches ratlier
than large sizes. However it should be
meentioned 1hit bath stec] pipe and cop-
per pipe sysiems are also available as
Twins in smaller dimensions,

Venting - 15 very important. There should be
o main venling svsiem (iype Spirovent
or similar) installed in the main distri-
bution system). Further venting valves
should be installed 3t high poinis near
ihe consumer stations,

Moinfure detection syaiems are nol Neces-
sary - because of the low probabllity
and the relatively poor consequences of

an eventual untight jacket pipe, the
aignal system was not found 10 be

worthwhile.

Hater filfering svsfems = are good practice
for detecting abnormal amoants of oxy-
gen and risk of corrosions in existing
sl components.

Direct commection - of plastic pipe systems is
assistad by the low operational pressamne
and temperature of the system, Direct
connection can be accomplished cither 1o
the hiouse radiator sysicm of o the potablc
water sysiem (Gradic sysicm),

The Ciradis=spatem - allows working with ihe
lowest supply lemperature because the
potable water s supplicd through the
plastic pipe main without heat ex-
changer,

The pressure transformer — |8 3 new conipo-
ent enabling the scparation of sysiems
with different pressure limiations, such
a5 sieel- and plagiic pipe sysicms without
temperature degradation.

Mainteignce effarts - are estimaied 1o be equal
to steel syilems so far as beal production
sysiems and consumer siations are con-
cerned. As po the pipe systems, the main-
lenance oests of plastic pipes are consid-
ered (or ratber - because of lack of feed-
hack - extimated) 1o be lower than that of
stec] pipe sysicms.
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Economical system rating

A general understanding by experts working
with design and operation of heat distribu-
tion systems is that plastic pipe systems can
fead 1o lower costs than preinsulated steel
pipe systems in certain specialized applica-

tions. However, an objective part of this is
not 50 casy 1o establish. The following rea-
sons for this can be mentioned:

-

Figare 1) Casl poe meter
fremcl for planife pipe rvshesin
from phree Cirrmam planic
mpralvum pips peogesdn dn Pl
fimgyw and Labrol i compars:
moil wilh e ilabliched conty foe
wired pipw syademn {TFRA |

Plasijc pipe systems musi be operaied al
4 lower temperature and pressure sian-
dard compared with sicel pipe systems,
If such a standard would be applied on
steel pipe systems, also such sysiems
can be made cheaper and - in small di-
mengions - made flexible

Dristrict heating design concepts differ
widely according to traditions and prac-
tice developed in the different couniries
A special tvpe of design concepl, € g
that might fit the operational conditions
ol plastic pipe systems, might be casy to
b applied in one country and might be
difficult 1o achieve in ansther couniry
Therefore costs for the sane system can
wary from country to country according
to the established practice.

Cost of supplied material and more fm-
portantly of hired manpower are very
often objects of contracts and can vary
widely according to local and seasonal
conditions, availability of manpower,
size of the project, etc. IF i is difficuli
o compare cosis for different ivpe of
systems al different ploces within a
country, it is still more difficult 1o com-
pare them between different coumiries,

Specific plpe mElem comts - Go rmany
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Hence sintements such as a specific
sysiem is cheaper than another should
be treated very carefully and are diffi-
cull 1o generalise.

& Manufacturers and contractors are for
reasons easily to understand very refuc-
tani to share cost figures. Hence the fig-
ures mentioned below are chosen from
project examples for illustration pur-
poscs. Mo mof expect thal they will ap-
ply autematically fo any ofher project.

A conclusion of the above commenis abow
pricing iy that price comparisen will only be
based on examples from some counlries
They can help to undersiand advantages and
limits af plasiic pipe syxiems compared lo
other types, but oust be handled very care-
Jully if general conclusivny are lo be drawn.

51 Cost comparison plastie pipes va
traditional steel pipe systems
In the following some coals examples for the
spplication of plastic pipe are presented,
These examples are derived from projects
realised in different countries, i. e Den-
miark, Germany, and Sweden. See also proj-
e¢t exumples in the Appendices C1-C3,

LLI Germany

From Germany, experience is available from
three projects in Vilklingen, Grolirosseln
and Litbeck. 1t should be mentioned that the
project undertaken by Ferpwirmeverbund
Saar in Vélklingen and Grollrosseln were
underinken by 5 contracior inexpericnced
with plastic pipe systems, whereas the proj-
ect in Libeck was performed by sn experi-
enced Danish entreprencur. A summary of
thee total costs of the insinlled pipe system in
comparizon with ususl costs of sieel pipe
systems is shown in Figure 5.1 [4)

From these examples it can be seen that the
system costs depend widely on lscal condi-
tions, The experienced contractor installs
the system at lower cost than an inexpeni-
enced, Bul both contractors achieve lower
sysiem costs with plastic pipe systems com-
pared to steel pipe sysiems al dimension up
1o DM A5,
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A further analysis based on the cost analysis
of Fernwiirmeverbund Saar was made by the
Stadvwerke Mannheim, A "Time- and Cost
Analvais Syatem™ was used for comparing
bath steel pipe and plastic pipe syslems in-
cluding dimensions up to DN B0,

The result was that lower civil costs for
plastic pipes was verificd, but it was par-
tially counieracied by rather high material
costs for the dimensions used in the projea
It is obvious that a part of the lower sy=lem
costs i Libeck is the result of lower mate-
rial ¢osts supplied from the Danish contrac-
tor. It is expected that with a growing plastic
pipe market in Germany, the plastic pipe
material will get cheaper and the cost ad-
vantage of smaller plastic pipe systems will
became more evident.

LS Sweden

An cXTensive cosl COmPArison Wwas pers
formed in 1990 |32] and recalculated 1993
[24]. In this study PEX medium pipes with-
oul oxygen protection were considered. but
the price contribuiion of the oxygen barrier
can be neglecied for the purpose of this
analysis.

It gets obvicas, that the trend seen in the
Danish and German projects i5 also seen in
Sweden, Total pipe systems costs of plastic
pipes are cheaper than of steel pipe systems
in dimensions up o DN 65 and equal or
more expensive above that. However, the
pipe material is only cheaper Tor the small-
esi dimensions up to DN 32,

For this reason and also for thee reason of
fotid cost reduetion, plastie pipes are very

after designed i soall syatems with ade-
guate pressure head for a allowable flow of
2 misec compared to steel pipe systems
Im/isec. The designer is therefore allowing a
pressure drop o farge as 300 Pa'm, allow-
ing the wse of smaller dimensions and
thercfore to save further costs,

In a receni siudy [33] a similar coxi com-
parisan was based on prices from a bid of a
contractor and compared with typical costs
from the Swedish District Heating Associa-
tion for steel pipe systems [34].

Comparison of the cost figures for 1993 and
1997 indicdie & price increase especially for
larger dimensions, for both types of pipes.

However the cost difference for installed
systems i3 obvious also in the 1997 figures:
The smaller the dimension the larger the
relative gain, The smallest pipe system are
shout 30% cheaper and the largest consid-
ered svetem DM 63 is about 5% cheaper than
u steel pipe system. A comparison with the
prices of German systems gives a general
tendeney that Swedish pipe system prices
are aboul 20 - 30 % lower than the prices
indicated in Germany.

So far the price comparison does not include
branching and service connections. These
costs depend on the syiem design. For ira-
ditional design with the mains in the sireets
and T-branches for service connections, the
branching costs are considered 1o be higher
for plastic pipe svatems than for steel pipe
systems. However, if the fMexible plastic
pipes are connected from house 1o house, no
T-plece branches are invelved, Instead one
has 1o take into account the costs of gener-
ally larger pipe dimensions and of larger
trench lengihs for house connections.

The total final system costs are o function of
the system design. For example some DH
utilities prefer 1o connect detached single
family houses in o traditional way with all
branches in the streets having by that way
pood sceess to all éritieal poins. Other pre-
fer o make a deal with the house owners
and give them some discount for the con-
nection costs by being allowed to draw pipes
ihrough the gardens. Hence the final sysiem
cosis must be denived from realised designs
for given projects.
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521 Economic sizes of plastic pipe nei-
warks

In m study [35] & genersl attempt was made
to compare costs for the following Iwo sys-
tems by calculating the total annual costs for
DWW SyRLEm ST

= Steel pipe system with 10V65 - 50°C

¢ Plastic pipe system with %/65 - 50°C
(emperature adjusied supply tempera-
ture assumed in both cases).

The following parameiers were chosen: Am-
ortisation time 30 vears, real interest & %,
Emergy (heat as well as electricity) cost
3130 USS/MWh. Design limits for pipes at
104 Pa‘m. The results can be seen from
Figure 5.5.

When comparing siee! pipe and plastic pipe
sysiems, il is important io know, that usually
steel pipes standard dimensions (DM] is
related to the inner diameter, wherens the
plastic pipes are destgnated by their outer
dinmeter. Hence comparing the different
pipe types of the same (or proximate] DN
number have usunlly different power ca-
pacities. However in this manual, the desig-
nation [ refers to the inner dinmeier for
all tvpes of pipes: This is not true for Figure
5.5, showing the construction cosis in sub=
urb areas. Here, plastic pipes are designated
104 their pauter diameter. Consequently it can
be seen that cost break-even is for plastic
pipes dimensions DN 90 and sieel pipe di-
mension DM 65, corresponding Lo a pipe-
svstem power of ca. 500 kW,

5.3 Comparison of systems with plasiic
and steel pipes

There is o drawback by limiting the com-
parison o different pipe systems. Depending
on the application, the type of the primary
heat production and the tyvpe of load, the
optimal use of different pipe systems will
also lead o difMerent solutions for as well
the connection to the production unit as (o
the consumers. Hence o cost comparison
may nol be limited only 1o the pipes but
should include the total system.

Im the above mentioned report [32 ] the sys-
iem costs for o ceriain application were also
mvestigated, A group of 40 houses was sup-
poscd (o be supplied by & biomass boiler via
i steel pipe syvstem or alternatively o plastic
pipe system based on GEUDIS technigue
(st Chapler 4}, Figure 5.6

Heating density and other characteristic

figures for this comparison is shown in Ta-
ble 5.1.
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Tafie .1 Dstingn fipred for
ihe J difaraml bl Sraai

Types of pipe system:

A)y  Steel pipes: Conventional single pipes,
PU insulation, series [1 Installation in
sfreets, service pipes al right angles to
howses

i Plastee pipes: Twin pipes up o DN 40
und single pipes for larger dimensions
Housc 1o house pipes with house con-
nections installed in a supply box in-
side the houses

8] Plastie pipes: Secondary connection,
Oine substation for making the total load
of all the area. House stations include
one beat exchanger for rndintor heating,
direct conpection of hot water (see Fig-
ure 4.4 MWT0-G0"C sysiem. {Allerna-
tively direct connmection af the radiator
curcuils and heat exchanging fo the hot
wiler preparation will imply about the
Sne Syslem Cosis)

Type of Exploration | Numberof | Areaof | Specific Design | Tolal Mool | Conned.
explomiion | Area dwelings | dwelling axplomlion | healing | system | houses | power
power | power
AT (L3 T (dwell)l | Wiy KW kWihouse
AT {area)
Detached 100 000 BO 150 012 T00 BO B.75
nouses
Row - 100 000 160 150 024 1400 BO 17.5
houses
Multi farmity | 100 000 480 100 D48 50 2700 40 7.5
buidings
Total sysem costs {1553 Figure 5.7 shows the total system costs in-
cluding pipe insiallation, substaiion for
BO - —— — —_—— - plastic pipe svstem and consumer stations,
| [ [ ea=T gl A comparison of the results from Figure 5.6
= - p— e . and 57 implies that the plastic pipe system
200 4 | peep*"" ! _ solutions inherently lead 1o lower costs even
; - b o ki for relatively lurge systiems. Whereas based
21 =F —— on (he pipe costs alone the plastic pipe svs-
100 + 1 - e . tems might be limited 1o a power of about
, | 5000 KW, an analvsis of system costs shows o
1T I break-cven limit of about 1500 kW for that
oo —— special application. One of ihe main reasons
& S0 L[] e ] £ =00 L)

rn badleil poreven [6W]

Figwrs 1 T Syaneem compo
Fipad st pipas plaipic
onats ORETAE @8R

LE)

Svsiem connection:

Al Sreel pipes; I‘.I"mmr:r.u'.trrm Pt e (TR

Oine consamer sintion with two heat ex-
changers Cor ot water and radiator
heating system respectively per house,
T 0-60"C svstem.

is that the plastic pipe network is operated
with a nombser of parallel branches favoar-
ing the use of small pipes, whereas the steel
pipc svstem is laid conventionally with a
maim ring system through the area. It gles
ets evident that plastic pipes are more fi-
vourable in low heatl density study areas,
wherens 1o areas with multifamily buildings
ihe advaniage for the larger sieel pipe sys-
1Enis Persisis



Tabig 5.2 Syadve sodbsfiong
for the pyarem alfermanives of

Muntymader, Swwden

5.4 Camparison af plastic pipes with
other Mexible pipes

In & recent study, & broader analysis of cost
compansons of differeni sysiem ivpes have
been performed in Sweden in the course of 4
project dealing with the connection of ex-
isting electncally heated houses ta district
heating. The work is described in [36] nnd
1371. The project is described more in detail
i Appendix C1, see especially Figure CL
The sk was similar 10 1the comparison
study performed 1990 [32] and described

systems (Ecoflex-Ouatiro). In all cases,
small-trench techoigues and incressed wse of
refill migterial and installation withoul pre-
heating was applied. Plistic pipes were in-
stalled with house to bouse connections
(through the gardens), whereas steel pipes
were connected in the streeis with senvice
cotnecltion as straight as possible 1o the
hovses, bul withowt having to cul ofT each
12 m pipc sections. The service pipes were
connecied by dnll-on icchniques, The differ-
ent allernatives implied also dilferent solo-

| Coat Cost Cont Cost
| 1000 LSS 1000 UsE 1000 LSS 1000 LSS

Pig type Sysbem tempe- | Radiator sys- | DHW Substation Pipe sysiem | Consumar | Ciiher

fom siabon
Plastic Twin houss 10 WV houss I':ﬂﬂ:ﬁlr!pur 218 108 5 933 a1
o house, J pipe Steel rad hause vtk
sections 1180 m [ et} preRs valve

{Fraian)

Pisstic Twin houss B W iTouse .26 s per 278 el 8.5 a1
En house 3 pipa Sles] rad house with 200 1
Saclisng 1180 m BIVAD: amaller | acdumulaldr

tadiators

{-487.5 LUSE

hioisse)
PEX Qusitra rench Direcd camnnec- | Direct 28 1278 4T 3 (- B |
lemgth 1028, 1154 m b with Shesr
pepi mosinl valves

and lerance

phresa. conbal
Shadl- Twin (midsf) Primary system | S0, Conneckion wigh | 0 123.4 118 A1
wnd shealfiex [sor- connachion wilh | consumer station
vice] BEG m iranch COnFUMmBT
1417 m plpes sialkon

|

above, with the difference that the sysicm
hiog beem really buili,

44 detached, but ughily spaced houscs are
connected via a secondary neiwork to pri-
mary district heating. The total load was
aboul S0 KW The sccondary nelwork wils
dimensioned 10 80765 - 40°C, One part of
ihe study has been carvied oul 1986, (he
second part, ingluding ihe investigation of

aligrnastive sysicms, 1998, bul price-uljusicd
i 1996

Whereas the first study [36] wis devored 10
find un optimal plastic pipe solution, ihe
second study [37] dealt with conpanison of
alicrnative solutions including as well mod-
ern steel pipe techniques (sieel twan and
siecl-Mlex) as well as plastic pipes four-pipe

tions for the consumer connections, A sum-
mary of 1he systems investigated and the
total cosls can be scen in Table 3.2,

Total cost summary: 1000 USS
FEX-Twin: 2155
PEX-Twin {accumulaior); 126.5%)
PEX-Chattro; 213
Sicel-Twin/sieciNex 156.5 %)

*) Both systems allow the use of higher
radiator femperaiures and therefore smaller
radiators. Using radiators with 80°C instead
of 60°C dimensioning temperature will give
a reduction of mdintor costs of USS 1875
per house or totally LSS 8250 discount for
the system cosis.
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The resulis show that smaller plastic pipe
systems can with advantage also be built as
a four-pipe distribution sysicm with radiafor
waler and domestic hot water distributed in
twio separte pipe systems, pltogether com-
bined in o single Mexible jacket pipe. The
maximum size for Quatiro systems is DM 32
allowing the distribution of about 100 kKW

per pipe fecd,

The study shows alse, however, il stecl
pipe manufacturers arc catching up with
smaller flexible pipes nnd twin sicel pipes,
which in combination with new cold instal-
Ration technigues (no preheating of pipes
when buried) and refilling of excavated
material can lend (o low system costs similar

to plastic pipes.



6  Further development

Pipes and componenis

Although the general trend of heit disuribi-
tion sysiems is towards lower system lem-
pertares and dlso leweer pressures, the
limitations of the principal operational pa-
ramglers are considered 10 be i sernous hin-
der for o wider use of plastic pipe svstems
Manufacturers anc thesefore working with
development of new plastic pipes systems
with the aim of relieving these limitalbons

One possible way is to achicve sundwich
constructions wilh plastic pipes inside of
metallic outer pipes, which can take up
higher pressures, PEX pipes with aluminism
jnckeis and an outer PE saffety laver ane
mvailable on the markel, but mainly for the
use in cold and hot water pipes al diameters
up 1o DM 40, These pipes can be delivered
for a pressure up o | MPa, Funbornore,
these pipes can also be delivered with ime-
grated compound insulation. Such pipes are
still restricied 1o operation lemperatures of
HIPC. Far use ai higher teinperaiures, flexi-
ble metallic pipes such ns sieel-Mlex pipes,
copper pipes and flesible corrugated siain-
less steel pipes are on the marked.

A Turther development is dirccted towards
ihe use of polvpropylenc (PP for hol water
distribotion. Alibough these pipes ame mnar-
keted for hol winer distribution, their maxi-
mum operation temperature is lower than
ihat of PEX and PB and therefore its use is
limited to special applications. The advan-
tage of these pipes is thal they can be joined
by welding, however. they are not as fexible
u5 PEX or PB. Development work is re-
poried in [31] in which a compound of PP
and insulating PU-foam has been found 1o
sirengihien the pipe wall. It has been shown
that @ siress up-titking outer pipe wall
counicrmcts the time depending weakenlng
procéess of the inner plastic pipes and hence
increases the service life e of ihe pipe for
a given iemperature, Becauss this behaviour
is prancipeally applicable on all tvpes of
plastic pipes, furiher development with
comipound structures witls the aim of in-
creasing service lifetime and service leni-
perature can be expecied,

Ancther preblem of plastic pipes 15 the wa-
fer vapour permeability ol thie medimm pipe.
As described in chapler 9, waler vapour can

more or kess sccumulate in the insulation,
depending of (he properiics of 1he outer
jecket pipe. It can be expected thar furiher
development will deal with this problem and
the permeability of the suter pipe jscket will
be milored in order 1o schieve a controlled
humidiny balance in the insulsion.

Chne question concerns the metallic fittings
from the point of view of nfilities. Although
the market for plastic medium pipes 15
constrained to a fow makes, many different
ivpes of fitling are available. A more uni-
form finting sysiem for all makes would in
the future facilitate the efforis for mainie-
nance and spare parts of net users. Therefore
development work towards componenl uni-
formity is strongly recommended.

Laying technigues

In mew=development arcas, combingd in-
sallanion of all piped sysiems is desirable
By planning and consiructing all sapply
svslcms soch as water, gas and'or electricity,
telecommunication, leeat and sewage al the
same time and in the same ducts. o further
cost reduction for (e cosis of the heating
pari can be expected. In smaller systems,
twin and also quadruple pipe system will
further improve the heat distnibution con-

copl.

A new technigue for quenching dead end of
plastic pipes is under investigation, T this
technique can be proven to be reliable for
bt water pipes quenching would allow a
simple methed for repairing pipe sections or
connecling further consumers

Branches and Tees are still a relatrvely
costly element in the network consiruction
I seniller systems il has beep shown that
honse-to-house connections of (he main
sysiein are economicnlly more favourble
than the conventional madn and service
lechiiques with larger man and smaller
service pipes. However, in larger svstems
and under many circumsiances, for example
if ot all houszs are to be connected 1o the
distribution svstems, the conventional tree
network technigue must be applied. For such
coscs i bore-connection technique has been
developed for steel pipes, For weldable plas-
g pipes such techniques might alse be fea-
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sible, Development work is also under way
for PEX pipes, where it is thought that the
memary effect of this matenal can be used
for achieving a tight connection beiween
PEX-main and PEX service pipe,

System applications

Heat distribation techniques are influeenced
by heat distribution density, bt also by i5-
dition and by a relinbility philosophy. In
arcas with high heat densaty, Large dimen-
sions and high supply lemperatare sicel
pipes will also in the future be the daminam
choice for the pipe system. However, in
places with smaller lesl loads such as i
urban periphernl areas or in pew explortion
of group of houses, Nexible plastic pipe
systems a1 lower distnibution lemperatures
should show some advantage. The wide-
spread uee of plastic pipes in Denmark,
where aboul 50 %% al all heat distribution
pipes are based on plastic pipes, can serve as
an example

In modern building standards. beal loowes
will be reduced and wiilities are working on
reducing the maximunm sysicin leniperalure.
Small neiworks can very often be managed
towvards redwced supply lemperatores and
pressures 1o At plastic pipes. Dennurk can
be mentioned as an example, where only the
disinct heating net of Copenhagen works at
temperatures, which are not suitable for
plastic pipes. In most other nets, plasiic
pipes are used together with steel pipes,
wherever these pipes suif the heat lead

Plastic pipes are also of intercst in such
areas where they can be connecled 35 secon-
dary networks via hesl exchangers or pres-
sure iransformers o the distric leating
main, Oibier applications are the constrc-
tion of small mels Tor abowt 50 = 1040 dwell=
ings 1o be heated by local renewable energy
sources such ns sotar healing or bioninss
heating plants. In these applicanions, plastic
pipe systoms with ils featare of literally
“exible” solutions are expectad to make an
important contrbution 1o e use of rencw-

able energy.
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7 Overall Conclusions and Recommendations

(Recommendations in shadowed area)

Plastic pipe systems are today necognised as
a reliable techmigue for & new class of hem
distribution systems offen referred to as low
femperaturedow pressure systems, In the
followdng, some general conclusion for
plasiic pipe svstems will be summarised.
Recommendations are marked with sha-
dowed arcas,

The pipe-system

Only cross=linked polveihviens (PEX)
and te some extent polvbathylens (PB)
pipe svslems are 20 commonly in wse on
the market that they hiove been included
in this handbook.

Both types of materials experience
limitations so far as the maxinum fem-
perature and the maximum pressare for
reliable use with acceptable lifetime are
concerned. The nomingl design pressure
is 0.6 MPa, The recommenderd 1em-
perature limits differ slightly from
country b0 couniry according to differeni
practices of chooting safety factors.
However, o conlinuous vse a1 B0"C and
a shori-1erm use al P0°C are regarded as
gale temperniure limils in this contexi.

Plastic pipe systems are mailable witle
medinm pipe dimensions between 16 mm
] M mm aner dianscters. The il sys-
bern advantage compared to steel pipe sys-
terns 15 obvious only in the smaller di-
AMEIET FANEE

For small dimensions, iwin pipe and
quadruple pipe systenms are avalable for
some nukes

Commonly. PEX pipes are provided
with an osyjen diffusion barrier based
on EVOH reducing the oxygen diffusion
1o ingignificant values. EVOH barriers
are also available on PB pipes

Flexibile or hard PL 10 most systems is
used as ihe insulation, in ong product
Mexible PEX foam 13 used

The outer jacket is in the most cases
made by LDPE. In the future more cm-
phasis will be placed on il consiruction
of the jackel in order 10 optimise the va-
pour transport of the pipe sysiin

The NMexible and bendnble pipe sysiems
con be supplicd coiled on drums or in
bundles of several 100 meters for the
smallest diameters and usually some 50
meters for ihe lingest dimensions. Very
often, they can be ordered in adequale
lengths according 1o the specification of
ihke designer

Most manufacturers recommend today
the use of casy-lo-install press-fittings
for joining PEX medium pipes. PB pipes
can be joined by welding.

Humidity indication systems are usually
et insdalled

Laving practice

The plastic pipe system can be casily
installed by the contractor doing the
proundwoerk. That means that instead of
i contractors (groundwork, pipes and
insulation} only one contracior needs 10
be engaged

Plastic pipe systcms ¢can be installed in
relatively narrow and shallow trenches,
pecding mof more than 10 ¢ trénch
space beside, betweon and below the

pupes

The sand bed filling can be kept at a
pibpdmum with in the most cases 10 cm
besade, between and below the pipes and
20 cm above the pipes, For the remain-
ing trench space refill marerial can be
used.

Warning nets or strips should be laid
over the sand bed

The total [l height above the pipe
should be 40 cm for arcas without traf-
fic, 30 cm for arcas with light traffic
and 60 cm for arcas with hcavy traffic.

Klost of the joinis beiween plastic pipe
syaiems can be compleied outside the
trench.

The MNexible pipes are casy (o lay in
house-lo-house connections or in service
conpections between plastic pipe or steel
jacket pipe main and the house station
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The digging can be made by sminll chain
excavalors (for large lengibs) or mini-
excavators avording obsiacles sach as
bushes, irees, siones elc

Because of the large thermal expansion
coclMicient of 1he plastic material it is
necessany 1o provide anchoring of 1he
plastic medivm pipes o the house o to
the foundation if connecting them in
right angle to the in-house pipe connec-
tions made of copper or stecl. Axial
forces can usually be taken up by the
pipe sysiem.

Plastic pipes can be inseried under-
ground for example through gardens or
iinder roads by using horizontal drilling
processes such as canh hammer or hy-
draulic boring

Laving during cold winier times can be
Facilitaied by preparing the pipes ind-
doors and blowing wirm air through ithe
pipes during the installation procedure,

System lechnigue

Jo

Plastic pipe systems can be connected 1o
comventional district heating man sysiems
vin heal exchangers or pressure irnnsform-
ers. In either case the maximum pressure
and femperaiune requircments nusst be ob-
servied

IT the main svstem operales al lcinper-
tures and pressurcs adequate for plasic
pipes, plastic pipe syslems can also be
conneoted directly 1o the main disirict
heating sysiem.

Direct connection cither 1 e howse
radiator sysicm or - by means of e
GRUDIS connection - to the tap waler
system avouls temperatiure degradation
and allows lower supply lempersures

Plastic pipe systems with oxygen barri-
erk can be directly conpecied with sicel
pipes and or stecl radiaior sysiems. To
avoid corroson problems safely during
ihe svstem lifetime, it is recommended
in Germauny that the amount of steel
surfaces is 30 % or more of that of plas-
li¢ pipe surfaces. However, in Scandina-
vid it is considered that 10% sieel sur-
faces are sullicient for save operation of
mixed pipe sysiems, the difference Iving

in the judgement of risks for pitting cor-
rasicn in sieel pipes.

Operation

Plastic pipe sysicms should be operated
mmmhumnmm
supply temperatures , which
redmulhcammahhﬂglﬂm-
peratures (90*C) 1o a few 100 hours a
yEar.

Higher eperation pressures and tem-
peratures than nominal femperatures
must be avoided by safety valves and
temperature lmiters.

Continuous filtering of the district-
heating medium is recommended for the
reason of initial operation and corrosion
contral

Water treatment methods usual for dis-
inct heating are in geoeral also applica-
ble 1o plastic pipe systems.

Ecanomy

Combined ingtallatien with other con-
ducting systems such as cily water, gas
of clectricily can redoce the installation
costs aliribuiable 1o distrct heating

The svilem ecomomy of plasiic pipe
sysieims in comparison with sieel pipe
sysicms depends by and large on local
curcumstances such as system type. sup-
ply lempersiure, heat density of the load
and local pricing tradition. In some
counirics a clear cosi advaniage for
sl systoms up 1o an inner diamcter of
i3 mm has been proven, in other coun-
trics the price difference an sicel pipes
has been found 1o be marginal, Gener-
ally speaking. it can be stated that the
cconomical advantage should be most
gxpressed for small dimensions. For in-
siance in Sweden and Denmark, cost
pdvantages are foundfor systems up to
S0 KW per pipe stem

IF cost ndvantages for plastic pipe sys-
tems con be found in comparison with
sieel pipe systems, they are primary due
o lower installation and groandwork
costs. Muterial costs for the pipes them-
sclves are rather higher than that of

sieel pipes,
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Pipe Materials

For many reasons, ecopomical, environmen-
tal as well as technical, plastic pipes have
during the last decades developed as being
the market leader for cald water distnbulion
Another importanl application is low press-
ure natural gas distribution. For hot warer
applications, the use of plastic pipes is rels-
tively recent. The reason is the mismatch of
traditional construction principles of for
example district heating pipes and the ope-
ratung limitations for plasic pipes. In order
1o understand these limilagions, we have 1o
summarnize shortly some fondnmentals on
plastics and polymers

8.1 Plastic as a material

Plastics are basically made of the hyvdrocar-
bons found in crude ail. Domimant hydro-
carbon groups arc paraffins, naphtenes and
aromatics. These groaps might consisi of
elther long=chained and/or brinched maole-
cules or cvelic molecules. Carbon atoms can
be bounded to bydrogen atoms or 1o other
carbon atoms, making the number of poss-
ible molecules practically infinite. The more
C-ntoms, the higher the boling poont af the
substance. This fact s used for separating
ihe various subsiances coniained in crude oil
by destilling it in & fractionanng column,
with the light, low boiling point products in
ihe top and ihe heavwy oils leaving the
column in the bottom

In order to make plastics out of the fraction-
ated products, o further relinement of tha
distillates 18 necessary. Dunng these refine-
menl processes, twio main plastic groups can
be produced: Thermoplastics and Thermio-
seffing plastics, The pipe nedenials con-
sidered in this handbook all belong to
Thermoplastics.

B 1.0 The production of plastics

Thermoplasiics

Thermoplastics are charnctenzed by the Mt
that their molecules do pot take up a com-
pletely static posation in relationship 1o cach
other. They become liquids i they are heat-
ed up to their melting peints pnd bence are
then "plastic® or moldable. To this group

belong polvamids, polyethylenes, polypro-
pvlencs, polystyrencs, palyvbuthylenes and
polyvinyl chlorides. A common notation for
these substances is polvolefins

Thermoselting plastics

The molecule chains in thermaseting plis-
tics are 50 incapable of changing their mu-
tual positions that once they have been given
a desired form, they cannod be reorganized
through heating. Among these plastics ang
ithe amino plastics. cpoxy resins. and pheno-
lic resins.

£1.2 Polymers and plastics

Most of the plastics used for pipe manudic-
turing are formed by polymenzation out of
mongmers: Pelymenzation means that samil-
ar ptomic building groups arce linked 1o~
gether by means of chemical treatment 1n-
volving high pressure and lemperature, sol-
veris and catalysis, For example, the mono-
mer hvdrocarbon cthyvlene can be processed
1o form polyethyvlene {see Figure £.1), Poly-
mgrs arg the main ingredienis in plastics.
However, in order o give plastics suitable
propertics, some addifives such as sta-
bilizers, cross-linking agents, colors, and so
o inighit be supplied ns well.

Polyethylene (PE)

The monomer hydrocarbon ethylene can be
processed either by trestment at high pres-
sures and high temperaiures to form the
polvmer “low density polyethylens” (LDPE,
density 0,91 = .94 Mg/m, melting point
105 <125°C) or by treatment atl lower fem-
peratures and lovwer préssune in o solven
and i combination with catalyveing agems
in order 1o form “high density polveihyleng®
(HDPE. density 0 940,97 Mg/m®, melting
point 115 = 145°C). Thousands of CH2
groups might contribute to form a polvethy-
lene chain (1 molecule), The higher the
degree of crystallinity, the higher the density
af the moterial and the greater the strength
of the plastic. On the contrary, material with
1e0 bigh degree of crvstallinity is usually
very brinle, The raw material for FEX
showld therefore bave an optimal smount of
ervelallinity of about 90 %
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Figwee §.1: Struciure foreado for | Monomer (cthylene):

wthwleme, podyeihylenr amd o CH, = CH,

el udar mopdel for FE Polymer (polvethylene):

(owroe Wineo, =00 -CH, ~CH, -CH -,

Polybuthylene (PB)

Polybuthylene is a thermogplastic that is pro-
duced through the Liegler - Natta = polvme-
rization from |-buthylenc. Below melting
point at about 125 = 130"C, it is highly crs-
inlline, and melts inio a low crystalline,
unstable material which reverse back to the
crysinlline state alter cooling. Polybuthylene
is therefore weldable. The density is about
0.91 Mg/m".

and form a helix spiral which can be packed
quasicrysialline. By this way, a erystalline
amount of 50 % can be reached. The density
i about 0.9 Mg/m* and the melting point of
the crystalline material 165°C. On the other
hand the melting point of the amorphous
part is low, about 0°C, which gives the ma-
terial worse high femperature propertics
than PB. PP s also weldable.

Bonomer {propylens):
CI-I.E.'EI-I "CHI
Polymer {polypropylenc):
{CH, -CH),
|
CH,

Monomer (1 - buthylene):
(CH,CH.CH = CH.)

Polymer { polybuthylene):
(CH.CH ),

|
C;H,

Palypropylene (PP):

Polypropylene is made from propylene under
relativly low pressure ond lemperalures in
the presence of catalysts according to the
same method as polybuthylene. The chain
molecules cun weigh 40 000 - 60 000 g'mol
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Croxs-linked polyethylene PEX

The X is the symbol for cross-linking. Poly-
ethylene as shown in Figure 8.1 consisis of
lavers of long molecule chains with o low
degree of cross linking, Figure 8.2 shows
schematically the coexistence of erystalling
and amorphous arrangements of the mole-
cules. By inter-linking these chains into a
three dimensional neiwork, the stability and
strength of the polyvmers cin be substantially
improved and can be beifer than for the
branched polyolefins PI and PB. For
insdance, melting and dissolution of cross-
linked polyethylene is maide considerably
maore difficult. This - on the other hand - has
ithie resuli thet PEX is nof weldable.

Far this reason, different oross-linking pro-
cesses have been developed, resulting in
various degrees of cross-linking and hence
in differences ol the propertics of PEX from
different manufacturers. Therefore, in the
product manuals it is important also (o refer
to the manufacturer of the PEX-pipes and 1o
the method used for cross-linking and the
degree of cross-linking achieved.

The Thomay Engel s Process (PEX-a)

In this process, eross-linking is achicved by
adding peroxide to the other raw materials
such as HDPE, all in form of powder, to be
processed. The powders are stirred and fed



Figure 8 2 T piruciwral @reaengement of HEPE ©han
mulerwlen. {Source Winda, [20])

1o the extruder under high pressure and tem-
perature leaving the material in the amorph-
ous stale. The action of the peroxide (o sub-
stance contmining - O — 0 - siruciares) is
to "seal” hydrogen atoms and to mediate
cross alomic bonds between carbon stoms of
pdjacent molecule chains, These sciions iake
plage in the complete amorphous state of the
PE material during extrusion, which allows
o maximum of eross-linking. This process is
applied by Wirsbo und the resultant type of
PEX material i= called PEX-a.

Stfane Cross-linking (PEX-8)

This process was developed by Dow Chemi-
cal Company and is based upon saturating
the PFE macromolecule with silicone, Sub-
Jecting it o water vapour in the presence of
a eatalyser activates the eross-linking
process. The linking takes place through so-
cilled siloxane bridges, These bridyes are,
however, weaker than normal bonds.
Example of menufaciurer of PEX-b pipes is
AT Plastrcs Incorporation, LISA.

Radiation eroxs-linking (FEX-¢)

Cross=limking can also be achieved by elec-
trom-rays ([}-radiation). This is dofe al room

temperature, preferentially acting on the
amorphous structures, nol disturbing the
degree of crystallinity. This process s used
a0, by Hewing GmbH Pro Aqua, Germany,

AL method (FEX-d)

In this methed, AZO compounds containing

N = N -bonds are responsible for the
cross-linking. First, the pipes are formed al
lower temperalures, thereafier (he lempera.
ture of the molten =it bath s ratsed 1o the
reaction temperature of the AZO compound.
Also in this process. a relatively high
process temperature is invalved.

PAM FPom=d=Monutran) method

The cross-linking is performed ot the high
reaction femperature of The peroxide used in
the process (around 250°C) in & molten-salt
bath. Howewer, ut these temperatures il can
be difficult to control dimensions and shape
of the pipes with high accuracy.

UHF cross-linking

Polarized peroxides can selectively absorb
Liltrs High Frequency radiation and hence
disintegrate selectively into radicals which
mediate cross-linking. This can be done ot
iemperniures below the normal reaction tem-
perature of peroxides. The PE chains them-
selves wre nol polarized and therefore will
nol absorh UHF energy.

It 15 also possible to add other polarized
substunces such as carbon black and o use
unpolarized peroxides which will form rodi-
cals through thermal decomposition. The

material is then extruded al 35 low o tempe-
rature as possible and afierwards treated by
LIHF radiation. This method results in & very
homogenous cross-linking effect.

8.1 Some important properiies of
polvole ins

821 Long-term siabiiity

Chcidation is the main life-tinve limiting fae-

tor mlzo in plastic pipes as il is in meial
pipes. A commion testing method for plastic
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pipes 18 time 1o filure mensuremenis based
on internal-pressure tests al different tem-
peratures Typical for all the investignted
polyolefins is a declining logarithmic time
curve for the Hoop siress causing pipe
rupture, according to Figure 8.3. In general,
this is a very strong function of the long-
ierm operating lemperature,

The different phases with different inclina-
tions correspond 10 different processes in the
pelvelefins, Phase | is mostly due to mecha-
nical stresses on the moleculnr bonds,
Beginning with Phase 11, oxidation pro-
cesses are destroving the internal bonds of
the malecular chaing down imto ever smaller
picces. Finally, the material weakens and

A Hoop siroas

-"~'---.______A

Py 1 Exclmireely iy rapiwrr h-“:.l"jr

amurd -nﬁntd'mt:m
:ﬂlr- among wayn, by o a8

hﬂlﬁiwrﬂt

Figure .3 Time-tn-fnilure
graph - schematically, | Source
Wirsha |20k

loose practically all sirengih after a critical
point {Phase 11). The oxidation process is
facilitated by internal branches as it is the
case in PP and PB. UV-light has the same
weakening effect.

8212 Imfluence of degree of cross-finking
Sor PEX

The amount of cross=linking 1% an important
fmetor in PEX. It is usually described in % of
the maximum poscsible links

Increased cross-linking results in:
longer time to failure (increased ruplure

sirenigth ) and 1o occurrence of Phase 111

- shorter Phase 11

- increased resistance against the influence
aof unintentional defects (such as
scratches),

Too high cross-linking on the other hand
makes the PEX muterial britile and de-
creases agnin the time to Phase 111 The best
or oplimal degree of croas-linking is also

dependent on the cross-linking method wsed.

Cienerally a degree of cross-linking of 60 -
B % is considered 1o be oplimal for PEX,

Srabilizing agens

Most of the plastics made of polvolefins and
used for hot water pipes are treated with
stubilizers in order o counteract the oxida-
tion process. [he action of the stabilizer is
i pttach to the radicals that form when
bonds are breaking up due (o the oxidation
process. These rndicals, if free, would in-
duce new bond-breaking processes and
hence accelerate the deterioration of the
material. Hence the action of the stabiliz.
aiion agent is mostly (o merease the nime for
oocurting of Fhase 111,

£.2.3 Elasticity and creep

Al plastic materials as well as most other
materials respond with deformation (o the
application of a constant load. The amount
of deformation fior @ cerinin load 15 strongly
depending on the operating temperaiure. As
long as the deformation is reversible when
ihe load o is removed, we tilk about elasti-
city. Elasticity is an imporiant property for
flexible pipes and is described by the modu-
s of Elasticity E:

E = 5 [Mihm® = MPa]
K

with

e= Ajar, elongation [%]

The lower E. the more Nexible and bendable
is the material.
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JEra e e i pane pipe

However, above a certain load, the deforma-
tion s mon-reversibly increasing in time,
Depending of the amount of load, the
material will sooner or later surpass the
paint where creeping accelerates and finally
ends in a rupture. This is the process, which
governs the lifetime of plastic pipes in Phase
| and Phase 11 of the ime-to-filure graphs
(sce Figure 8.3,

The point with the maximum applicable

force gives (he rensile strength o, of the
material,

Chamre in length

Mastic pipes exhibit the peculiarity of both
imcreasing or shorting their length, much
more than metallic pipes. The usiual process
for 1 1% thermal expansion described by the
linear expansion coefficient g according 1o
the equation:

a = 2Liar K

As for all plastics, this cocfMicient a is abou
ten times higher in plastic pipes than for
steel pipes and results in a remarkable
chinge of length of heated plastic pipes.
These changes must be accounted for if
piping systems are planned or maintained.
For flexible pipes this is no problem in gene-

CREI I

Walugs at room Unit FEX PBE PP
Lmiparatung

Degres of cross- b1 b

linking

1“‘.‘“!“‘[ kgim® G40 820 200
Tensile strength o, MPa 137 17 A3
Modulus of MPa 500 400 1300
elasticity E
Elangation at break % =300 320 B0
Coefl. of linear K" 14x10° | 1.3x10"° | 1.0 =907
tharm. expansion a

Tharmal WK m) 0.4 0.22 o 14
conductivity &

ral becnuse the pipes can take up length
changes in bows and all the small sinous
curves they are laid down with, bul when
disconnecting pipes under maintenance
services, one has o be prepared that a cold
pipe under stress might contract,

Another phenomend resulting also in length
changes, general radial shrinkage, is the
memary effect oCcurring e some extent in
all plastic pipes. The reason is that the
molecular chains during the extrusion
process are becoming more or less axially
aligned and then are frozen in this
orientation, During operation, the constant
temperature and pressure load is releasing
paris of these alignment, giving the
mailecules maore rendom distribution and
hence shrinking the pipe. The shrinkage cun
be us much as 0.5 %, s cofresponding
tensile sirength is normally handled by the
pipe coupling. However, when Iaking spart
this coupling, for example during o repair
work, the pipe can disappear in a feed tube
and will be difficult to reconnect.

Typical values of technical parameters of
pluztic pipe materials are given in Table 8.1,

N3 The service lifetime of bot waler
pipes

E4 0 Lowg-teem testing

Each district heating network will be
designed for a certain lifetime. For example,
the "Regulations for testing of plastic pipes”
of the Swedish Distriet Heating Associution
(FVIF) state that "the manufacturer has to
show thal the pipes exhibit a minimum life
time of 30 vears a1 80°C and 06 MPa ™,
Hence the determination of the life time is
one of the mast important testing moments.

The most established sy (o do this s o
insiall & large number of well defined and
well calibrated pieces of pipes in hot cham-
bers kept on different, well controlled tem-
peratures. The pipes are loaded with water ot
different internal pressures in order (o
nchicve different Hoop stresses. The ouler
pipe environment is eilher water, air or a
detergent for sccelernting the rupture pro-
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cess. Figure 8.4 shows the
principal equipment used by | *Fa

Studsvik Polymer AH for
lifetime tests The established)
laboraiories such as this one
in Studsvik have thoosands

of probes under test ot any

time.

Haoop sireas [Mpa)
=
| L
B
%
- - ;H =
rﬂ.ﬂl?i
% -
s =

The test stand time o rupture &
15 monifored, depending on -
test conditions being hours s

up o o couple or even tens of |

vears, each pipe failure 1
giving one point on a curve.
The ivpe of rupture {ductile

e IO

Time tw ruptare |h]

or britile} gives indication
about the phases involved in
the fmilure

Figure § 5 Time

Figure 8.5 shows an example for the time (o
failure properties for PEX [2]. The Hoop
siress can be calculated by the simple
formula:

R o
I! - | . i ‘I

Figues 8 4° Trme b0 failury Mef @i ﬂf.'!lli.:l'rnll Fﬂ.l:'nlrr'.lﬂ

{Ruuree Winba [20])

fie firdlure diigrinm for MEY, L3

. '+;- oL [MPa)
with:
s = wall thickness [mm|
dy outside pipe dismeter [mm|
p = inside lesting pressure [MPa]

It becomes also evident from the diagram in
Figure B.5, that phase 1] under certain cir-
cumstances enn be absent or very shori in
well stabilized materials.

From such measurements, performed during
MAanY years in various [aboratories around
the world, sets of curves have been derived
determining the minimum reguirements for
the durability of polyolefins for hot and cold
waler distribution, as it now |5 propesed in &
Diraft (1998) International 150 Standards
are shown in Figure 8.7 o, b and ¢ (referen-
ces sce Chapter 10).

The curves show the principal similarities
for these three types of polyolefins. The
higher the temperature, the sooner the knee
indicating phase 111 will be reached. From
these curves, o connection between life time
i and temperature T (for given Hoop stress)
can he determined. This connection is called
Arrhenins’ faw and can basically be wrillen
{for a given pressure):



Arhenies curves for PB-A and PEX P3

Fegure .40 Apehemius " plats,
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with:

T= operaling temperature [K]
A b= constants,

Figure 8.6 shows these Arrhenius curves for
PR and PEX P-3 according 1o measurements
al Studswik |2, 3], It should be nided that the
curves are only valid for a limited tempera-
ture interval up o lemperalires well below
the melting points of the respective
materiali.

It should alse be noted that the inclination of

e accrding i FUEST e wiraight line in the disgram (i. e the fic-
Ta-07¢
Material PEX PB PPR
random copolymer
left A 122,134 430,866 55,725
part B, 0 -12510 64841
Ch -25048,7 173892, 7 25502,2
i I ~12.8273 280 0588 838
E: .9, 877210710 1] 0
right  [Aq - -126,805 19,88
part  |B; : 37262 6 o
Ca - 52555 48 S507
D . 88,56734 411

tor b in the Archenius” faw) for most of the
pelyolefins is between 2.5 and 3 per 10°C,
This means that the acceleration fuctor for
aging tests is about 2,5 to 3, i, e the test
time can be reduced by thist factor, il the test
can be carried out at 10°C higher tempera-
ture, In other words, the expecied life lime
of a material is 2.5 = 3 times higher for each
interval of 10°C for which the actuul operai-
ing tempersiure is lower than the test
temperiture. However, one must be very
careful in choosing the maximum test
temperature because materinl properties can
change abruptly a1 high temperatures due (o
phase change.

The Draft ( 1998} IS0 Stendards define also
constunts for the Arrhenius” curves as a
function of Hoop stress and tempernture in
the senise of minimum requirements.

Table 8.2 summirizes these requirements
sccording to the following equations for the
feft hand and right hand parts, respectively,
of the eurves shown in Figures 8.7 a, b, ¢

(left part)

gt = A, +R,rh:_"+f.'. :_+.ﬁl dogas E T doga

[right pari)

Iagr = .vli 4 N o

with:
| = tirme [h]

T = gperaling temperaiure [K)
o = Hoop stress |MPo)

T
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&322 The service life time

The Arrhenius’ plots according 10 Figure X6
give the lifetime for PEX and PB pipes
being in service al constant temperatures all
the time, E.g. PEX is expected fo exlibi o
service life time of ca 12 vears ol W07 and
Hoop stresses of 4 MPa. These Hoop stresses
correspond, so far standard PEX pipes ane
concerned, 1o cerain operaticnl conditions
and give some frecdom o the planmng
enginect 1o define appropriate anfery limins,
For cxample in Germany, a safety fncior of

Supply tomparature controd curve
108
g% =
E ]
fol - .
i o]
=30 Be.1] =10 o 10 20
ambienl emperature [7G]
Annual durabliity curve for amblent and supply
— = Iamparahien
= b g Eiure —n upply BT At
"o |
I
20 B ;r
E Sy - —
£0 -
Fel
6L
=10
o 000 4000 BOGD B0 time ]

Figure L8 Exampile of the semperanire conprof ia a diatricl Seatog metwert fie plame
piper &) Sepply temperatre canfeol ourve. b darwal durabilty carw for am bl and

supply Kmperations

1.8 s applied resalting in an opcrational
pressure of 0,5 MPa [4]. In Scandinavia, a
safety fnctor of 1.5 resulis in an infernal
pipe pressure of (0.6 MPa |22, 23],

However, i a real district heating nerwork,
the supply temperature will normally be
controlicd as a Munction of the ambient
temperature, and only a short period will be
atl the maximum lemperature,

As afl éxample, we can assume & distne
heuting supply lemperature control secord-
inig to Figure 8 Hu, resulting in a iempersl-
ure durability diagram sccording 1o Figure
% 5h

The corresponding service lifetime can then
be caloulated according to Miner s rule
wnder e assumption that the operaling
temperature cycle 15 about 1he same cvery
year, The expectad lifetime of the pipes can
be estimated according to the following
cijamlion:

£ eiite By e )
I L L

willi

L,= expected lifetime at tempernture T, [h]
I, = annual lme fraction the sysiem s opera-
fed ot temperature T,

Hence, the lifetime of pipes can be calcu-
lated usung the emperature durabiliny
diagram of Figure 8.8b as shown in Table
£.1, For the example of Figure 5.8, the life
time averaged operating temperature will be
about 73°C and the average hife nme of PEX
pipes will be 95 vears. For PB a similar
calculation resulis in o lifctime of 40 years,

In practice, pipes for a given maierial can be
designed with such wall thickness so tha
the pipes will withstand district heating tem-
peralures up 1o MC or even 93°C with
satisPing life limes

According 1o recently proposed standards a
safety value (1,3) is proposed. According 1o
these standards, operting times as shown in
Table 8.3 can be expecied.

&l



Typa T=T70] T=80 | T=90] 70/90
eC °C bl -

PEX(s = 4.6 mm) >50 >50 > 50 =50
PBis = 3.7 mmj =50 =50 17 a5

Fabde 1 1 Umimew L% fime
fvwar) of phastic pipe (82 30
m) and wall ihiclseiy a8 @i
differenr irmprratura and in g
BT N, internad siiee
preniwre £ = 8 APa, fugleny

The maximum Hoop strength values for
various temperatures as o function of the
time are shown in Table 8.4.

For detniled design requirements of plastic
pipe systems see further in the 150 stan-
dards IS0 3213, 10146, ISO/DIS 15874-2,
| 5875-2, 15876-2.

MNate: | The lifetime of pipes in & network
with variable supply temperatures is con-
sfderably longer than the life time would
be if the net is solely operated at the mani-

mum eperating temperature,

The safety Iuctor of the preliminary stan-
dards mentioned above for plastic pipes is
1A, This is lower than ihe recommended
factor in Germany (1.8} and in ihe Scan-
dinavian couniries (1.5).

Table .4 The mavimum Hoop srreagrh valees for varnms emperarures an g

Jamcmios of ihe iTme
Typa tima T= 70 T= 80 T= 850
Ivears) oC ol el
PEX 1 5.5 5 4.5
B 6.5 4.9 4.4
10 6.4 4.9 {4.4]
16 14.4)
8 4.8
25 5.4 4.8)
50 5.3
= i 9.0 7.6 5.0
5 8.5 6.9 4.3
10 B.2 B.6
15
18
25 1.7 6.3
&0 7.4
PP-R 1 4.9 4.1 3.4
5 4.5 3.6 2.4
10 4.4 3 i1.61
15 2.8
18
25 3.8 iZ.4)
50 3.2

B4 Oxygen diffusion through plastic
material

The diffusion of oxvgen through plastic pipe
materials is considered io be one of the
major threats (o hot water systems. In earlier
times, this drawback was overcome by using
metals qualified for tap water applications
even in plastic pipe distribution systems
[24]. Nowadays, all plastic pipes to be used
in hot waler distribution systems should be
supplicd with an integraied &iffusion
barrier.

840 Types of diffusion barriers

The mrost comtmon fypes of diffusion barricrs
an PEX pipes are

o  Eihylenevinylalcohol (under the make
names EVAL (Wirsbo), EVOH or
evalPEX)

s Metal sheer in or around the plastic pipe

Meial films have in laboratory tesis been
proven 10 be sensitive to temperature cyveling
with high risks of delamination shortening
the lifetime, IT delamination occurs, oxygen
permeation can occur through the shi. Pro-
ducts on the market with Al-sheets are PEX-
pipes from LC.-Maller and MT-PEX pipes
by Hewing GmbH, Germany.

A diffusion barrier made of etfylemevimed-
afcohols is nowadays the technique most
used for oxygen barriers. We will use here
the nomenclature EVOH for all makes of
this type of barrier. In production, this film
is normally glued on the PEX pipe after the
extrusion. [t is important that this EVOH
film is covered with an ouler protection
tnyer of n lncquer or plastics, depending on
the make, in order 1o profect the barrier
during all handling under transport and
insdallation.

The following properiies of the EVOH
oxygen permeation barrier should be noted:

« The barrier must be physically attached
{glued) to the PEX pipe in order to pro-
vide n safe prodeciing funciion



+ A well functioning barrier increases the
life time of the PEX pipe becowse of
reduced oxidation

o The diffusion barrier has to be protected
against outer damages such as scratches,

8.4.2 Diffasion rates in PEX

The following relation describes the
diffusion process in plastic pipes withaou! o
diffusion barricr
F,=piLzB) 2P L gy
In-"
d,

with:

oxygen Mow through pipe wall |gs]
coellicient of diffusion for oxygen
through PEX materinl [g m/A{m* bar 5)]
inmer partinl pressure of oxygen [bar]
outer partial pressure of oxygen [bar]
{ Ibar = 0.1 MPa)

o= outer wall dismeter [m)

inner wall diameter [m)

= length of pipe [m].

The diffusion coefficient D iz g material
congiant amd in general depemfing on the
femperature, The oxygen fow rade is invers
sely proporiional ro e wall thickmess g
directly proportiomal fo the differcnce in
axyeen parfiol pressure inside and owrsiide
the wall and of cowrse proportional o the
dergth and the dicmeler of the pipe.

Ry means of the constant [, the increase of
the oxvgen conceniration as a function of
time in the water Mlowing in a closed system
with a permeable pipe of the lengih L can be
calculnted:

I f 1|
C = f'__ll-npr- AL Al |g/im']

Ce el ="
L \ : 4, J)

with:
C, = poncentration al time | Ig.-"mj]

= Initial concentration at time 0 [g'm']
W = volume of pipe system [m*].

In pipes with a diffusion borrier, the barrier
i5 in general much thinner than the wall
thickness of the pipes, In the case of PEX in
practice, @ thin EWOH flm 15 glied on the
PEX pipe, see figure 8.9, The thickness of
the diffusion barrier is the same on all plas-
tic pipes, The absolute value of the per-
meability of this barrier is orders of magni-
tude lower than that of the plastic pipe
material.

Therefivre the coefficient of permeability Py
forr axyren in pipes with baeriers ix in first
approximartion independent of the wall
thickness, The oxygen flow increares pro-
portionally to the difference in oxygen par-
thal prexsure (nside and owtside the wall and
with the diameter of the pipe.

P, = cocfficient of permeability for oxygen
in plastic pipes with oxygen
barrier [g /{m?® bar )]

dll "l

diffusion barmer
{eomstnr i ckness)

Figmre 8.9 Maatic pipe with diffenien barraer,

Diffusion rates for PEX pipes with and with-
ot diffusion barriers have been mensured in
different laboratories, [4, 10, 25, 28] .

As an example, Figure 8, 10 shows resulis of
fhe diffusion stream [, measured in Ger-
many by the Statliche Materialprilfungsami
Mordrhiein-Westfalen. It gets evident from
the diagram that the function of EVOH
barricrs are stromgly temperature dependent.
It should be noted that also the product
using an Al-sheet as diffusion barrier exhi-
bits a considernble diffusion stream, which
on the other hand is independent of tem pe-

roture.

A




Oxygen parmaation

Tampersdurs [*C] |

Figure A 12 Cwyges permentioe The resulis from such mensurements can be
ihrough plastic pipes in fowe pipe ased For calculming the coefficient of per-
sintgmy. Prootuci J heyan dlakens  meabilily for pipes with oxygen permeation
barrier. the other rritems use barriers according to:

ETEAA haresery,

Figure 811 Qrygpim per-
merkiliry for PEY pupes with g
withow difurion barrier e
funetion af iwmperaieee 11, 25

2, df

Pk p [l i w0

Moo= 1310 o AP R -5 bard]

with

{3, = diifusion siream (g (oxygen) per m”*
and day)

di = inner pipe diameter (m)

AP = actual partial pressure difference for
oxygen (0,21 bar).

Bpecific axygen permanhility for FEX gpas

Some results for the cocfTicient of per-
meabality in PEX pipes derived from
measurements in different countries are
summarized in Figure 8.11.

The measurements are made on pipes with
dimension 32 x 2.9 mm. It is shown that the
EVOH barrier reduces the oxygen per-
meability between a factor 30 and 1000,
depending on the temperature, It is also
shown a large spread of measured values
depending on different makes and qualities.
The notation DTN 4726 refers (o the stan-
dard for floor heating pipes. The reason for
the remarkably low value measured in Den-
mark is not known. 1i can reflect the influ-
ence of the protection of the total pipe
system [oxygen barrier, insulation, jacket)
on the oxygen diffusion, however, this con-
clusion is nod supporied by the German
resulis,

Palyburhylene pipes

In principle the diffusion problems are
similar for polybuthylene as for PEX pipes.
Uin the markel profected and unprotected
pipes are found, Pipelife produces pipes
with & PB=-Al-PB laminate. Nowadays also
pipes with EVOH permeation barrier are on
the market. Results about the oxygen
permeation in these pipes are not known bul
the diffusion properties should be similar to
these of PEX pipes,

RB.E5 Diffesion of water vapour through
mediom pipes

The influence of the diffusion of water
wvipour through the wall of PEX medium
pipes on the pipe system is under investi-
gation in Germany [4, 27]. In pipe systems
consisting of media pipe, insulation and
jncket, pccumulation of moisture in the insu-
lation of the pipe-system or also on the
innerwall of the jackel can be expected, if
the permeability of the jacket is less than
that of the medium pipe. Moisture which
accumulales in the insulation s expecied 1o
redwee the thermal resistance of the insula-
tion, This on the other side will increase the
temperature of the jocket and hence increase
its permeability until equilibeium will be
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reached. Hence, ench pipe system is ex-
pected 1o have it own balance of humidity
depending on the operationaltemperature
and materials involved in jacket and

Measurements performed at TUV Bayern
Sachsen in Milnchen showed the importance
of tnking waler vapour inlo consideration if
designing plastic medium pipe systems,
Already small vapour diffusion rates can in
some cives accumulate in the insalation and
hence increase the pipe heat losses over the
long term. The waler vapour permeability of
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| a PEX pipe is shown in Figure 8.12.

Henee, the design of the pipe system includ-
ing insulalion and jackei has e be adopied
to this vapour losses, so that the vapour can
leave the sysiem ot as low equilibrium
vilides for the motsture in the Hmsulation as
pissible, Ciherwise, the heat losses of the
pipe system will increase.

in labaraiory tesis made by FF1 [27], three
different makes of PEX pipe systems with
Pli-fonm and PE jackets and the same type
of medium pipe have been investignied. The
results showed that moisture accumulates
during tvpical test fimes of one vear at
{water temperature $0°C, sce Figure 8130
Adso it was shown that the water condenses
along the cooler putside of the insulation
{inside the jacket) which was kept at room
temperature, in the wors! case can il
accumulate at low points of the pipe svstem,

For all tes1 cases, an increase of the heat
conductivity between B and 16 % during one
year could be found without reaching
equilibrium. However, the resulis are
preliminary and final coaclusions about
water diffusion in PEX pipes cannod be
drawn vet, But it seems appropriaie that in
the further development of plasiic pipe
systems, more altention should be laid on
the water permeability of the outer jacket for
venting ol the waler vapour.

8.6 Propertics of pipe insulution

The heat loss of plastic pipe systems i in
general well described in the plastic manufac-
turers” plastic pipe documentation. The
Swedish District Heating Associstion has in
19494 ordered some tests of the insulation
standard for plastic pipe systems in onder o
eheck the manuiscturers” values. The
measurements were made by the Technical
Uriversity of Chalmers ot the lnstitte for
Building Physics [38]. Three test objects with
dimensions DN 50 available on the Swedish
minrkel have been selected:

Logstér LR-PEX
ABB Adquaswarm
Wirsho ECOFLEX,

=
-

.
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The Logstdr and the ECOFLEX sysiems are
secording to Table 2.1, The Aguawarm
svstem consists of a glass-wool insulated
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jacket-pipe and an infer feed
pipe, trough which a Cu-pipe
[or also a PEX pipe) can be am

Tharmal conducthly of § PUR iemulation hiock

function of the mean iemperature of the
pipes =
Inl's X [1 ‘wvyadn el ppE " T mmnale o kin _"'

Table 8.5 summarises the values for ithe
temperature difference between medium pipe
and outer jacket of 50°C. The whie indicates
also tvpical valses presented in the product
information, As con be seen, most of the
values agree very well with the test values.

By the same test instinution, also the propertics
of wet insulation have been tested [39), Figure
815 shows the change of the thermal con-
ductivity with increased content of moisture in
s block of PUIR knsulstion, The figure shows
that already a moisture content of 20 %
doubles the thermal conductivity and therefore
the heat bosses in PUR. The results in Figure
813 show the same order of malsturne conient
in pipes, but with inhomogeneous distribution,
which resulted in lower incremse of the thermal
losses mieasured in pipes. Bul it can be

fed. The pipe svstem wis also
psed for PEX-pipe systems
the 1980-ics in Sweden. In

ihis test the medium pipe was
made of copper. 1

LR

[-14

The measurcments were E o
made in a static laboratory i
test in accordance with the

Standard 55-EN253, i

om

valurs sl product catnknpue valuey  Figure .14 summarises the

Jor the head lass at a femperarare TesUlLs for the effective lincar =
dpffervace of S0 il - hamerer thermal transmittance P "
sy madram pipe. d, - ouier U {W/imK) of the pipes as a
dirmrder of facler prips

Pl Dimerdaon | Insuisbon Loms [ATr=S00C) | Loss (Catalogue)

ad, W) L]

| Logsitr LRAPEX EOM0 Pu 120 137
Acpavmaarn-Cu 5486 L T 104

Wirsbo ECOFLEX | 5071160 IFEMul-n 118 133

concluded that pipe designs allowing
sccumulation of water vapour will lead 1o
increase af the thermal losses of plastic pipe
FyslEma.
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8.7 Muaterial pspects - summary

The description of the basic material proper-
ties of plastic medium pipes elucidates the
principal difference between plastic medium
pipe sysiems and conventional steel pipe
systems (see Table 8.6):

The able makes it obvious that plastic pipe
systems must be designed with caution.
There are several malerml limitations in
pressure and temperature which must be
ohserved:

* Plastic medium pipes should not be in-
stilled without knowledge of the opera-
ting conditions of the system, The tempe-
rature control profile mst be known. The
pipe manufacturer should give his con-
sent 1o the application based on the
conirol sirategy,

o  Plastic medium pipes with oxygen per=
meation barriers wall noemally not give
cause for corrosion. The remaiming oxy-
gen permeation is comparable with
“normal™ oxygen leaking in typical sys-
tems. However, it 15 recommended that if
plastic pipes are mixed with steel pipes.
the amount of steel pipes (or of other
steel surfivces) is at least 30 % of the

plastic pipe surface. In Scandinavia it is
generally believed that the amount of
steel surface could even be lower, In [18]
an amount of 10 % is considered (o be
sufficient.

# ‘Water vapour diffusion through plastic
pipe systems is an important facior deter-
mining sconomy and the long term func-
tion of the plastic pipe network. The per-
meation of water through medium pipes
should be in balance with permeation of
ihe outer jacket and the msulation,
HBecause permeation is temperature de-
pending in all those materials (medium
pipe, insulation, jacket), cach system will
find its own equilibrium depending on
operpting temperature and achicvable
jacket temperature. However, in practice
this means that the thermal conductivity
will imcrease until an equilibrium is
reached. This can tuke years.

The question of the influence of water
vapour on the insulation properies end its
long term behaviowr must be furiher
evaluated.

ar
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As to district heating systems, there should
nol be a difference for the specifications of
the water quality in a system with plastic
pipes compared with traditionnl steel sys-
tems. In both cases, the sysiem components
besides the piping svsiem. such as heal ex-
changers, pumps, valves, vessels, ¢ic | in-
clude a vanety of materials such as steel.
copper, brass and others, so the rigk for
corrosion is present if cenain measures ore
nod taken 1o assure the water quality. These
mieasures are summarised in the form of
recommendations, see o g 28]

However, in special cases, cspecially in local
low=pressure temperatung networks. devii-

Plastic Medium Pipe Systems and Risk for Corrosion

Heardness;

lans contributing 1o the hardness of waler
are Cal™* and Mg?*. In the presence of bi-
carbonate (HyCO4) these tons can form
scaling carbonites on surfaces of pipes and
hest exchangers.

pll-value.

Steel has the lowest corrosion resctivity at
pH-values 9.5 - 10, This valee 1= also quite
approprigte for copper. bat it % impartand
that for copper the pH-value docs nol pass
10, Aluminium mugl not be wsed at such pH-
values:

2.1 District heating water gqualiny

Heat distribalion syeiems comprising mainly
or partially plustic pipes, will principally be
confined or limited 10 o lower power range
below 10 MW (larger sysioms will have
dimensions and lemperature' pressure char-
aoicristics nol suitable for plastic pipes). For
these systems, three imparian parameters
govern the water quality and are sccording
io [2%, 29] recommended 1o be as can be
seen in Takle 9.1

Diher contents such as concentration of
ions, iron, copper and ammoenia are no
specified for small sysiems but are lefl to the
jodgement of the plant operator according to
the local conditions.

Hardivess and pH-value are only depending
an the quality of the raw- and feed water,
respectively, and their need ol control is
unaffected by the presence of plastic pipes

::'I':E ::::Ir" tions from these recommendations can be Comolivity:

] pllowed, as exemplified in Chapicr 9.7 The clectrical conductivity of waler is a
mcasure of the
salinity of the

Uit Indirect sys- | Direct syslems |  waier and varies
pH-value (257C) 9.5.-10 8.5-10 local conditions.
Becanse the
Hardness d <0.178 <0.089 conductivily is
mmaol (Ca + Mg)fkg =1 <0.5 affecting the
Oxygen conlent water < 0.02 < 0.02 strength of cor-
L markg _miun reactions,
*j Indirect sveloms arw such ryiams whara the vesagl snd distrbution pyilem ae soparsisd by heal exchangen it i% imporant
fo know the

difference between soflening and desaliing
Soficning only removes Ca- and Mz-ions
and legves the salimity {i.e the content of
charged ions in the water) more or less un-
changed. Desalination treatment (e g by
means of ion-changers and/or semiperme-
gble membranes) takes care of all ions and
supplies a water with a low degree of ions
and & conductivity less than 10 pSfcm, Such
instailations are verv ofien used for treal-
ment of the feed water in district heating
sysioms

{hrver.

By far the most important question con-
cerning plastic pipes is the diffusion of oxy-
gen and s contnbution fo the content of
oxygen in the district heating water. The
amount of available oxygen is directly af-
fecting the amount of corrosion prodecis o
be expected in a given svsiem. As il is not
realistic 1o achieve an absolule zero oxygen
level becouse of leaks, leed wiler, muinte-
pance work. and so on, the maximum oxy-
gen level which can be tolerated is recom-



mended o be 8027 my kg water. A German
recommgndation staies 20 ppb oxvgen in
water, which is aboul twice the norihern
recommendation

9.7 Tolerated levels of axygen in district
heating networks - corrosion risks
lor Terrous and non-lferrous metals

Corrasion, erosion and scaling to distnct
heating svstems can be principally avoided
if the following measures are observed

pbsence of oxvgen

low content of hvdrogen (Lo, pH %, 8- i)
forw electncal conduciiviny

= low hardness

s absence of particles and sladge

e low waler velocity (especially for cop-
per: < 2 m/ds)

In practice, it might be difficult. especially
in smaller sysiems, 1o have control of all
ihese parnmeters af ihe same tme, apd plant
owners have the responstbility io judge the
risk of corrosion and its costs againsg the
costs for measures to avoid them

The vpes of cOmmon corresion are:

Crrvpen cotstmiling corrasion (oallinde Fe-
TR gk

2 Fe+ Oy + Hah == 2 FedOHby

The metal (iron) disolves in the presence of
oaygen and forms metal hydroside The
reaction rate of the process incroases wath
lemperature, (In open systems, however, the
solubility of oxvpen in water decreases with
the température dnd hence ihe corrosiviiy is
highest a1 about B0°C, and decreases versus
0 at 100°C). The ironillhydroxide Fe(OH)y
can forther react with oxygen by forming
the wsual “rust” irend 1 joxide

4 Fe{OH)q + Oy = 4 FeDOH + 2 Hy0
In a further oxidation stage, especially ai
bagher tempermunes, the woni 1hvdroxide
con also oxidise 10 magnetie

¥ Fe{OH)y — FeqOy + Hy + 2HA0

Hyvdrogen producing corrasion (aaode re-
acHon):

Fe + YHY < Fel* + Hy

This corrosion process presumes the pres-
ence of hvdrogen ions and i1s very reaclive
im pcid environmenis, i ¢ pH less than 4
and decreases with increasing alcalinity. I
i% negligible ol pH values greater thanm 9.5

Hence the presence of woater and exygen s
a meceksery provegiiaie for the decerrence
A SN COrreaan

Othier types of corrosion which also are in-
Nuenced by the presence of oxygen are pir-
ting amd crevice corrayion, | ¢ COITOSioN
which is favoured by local enrichment of
oxy pen due (o inhomogenities in (he mate-
rial or due to it scales, eic., which pro-
fiect the water from tlie manm stream and
enable il 1o be enriched in oxyveen

At pH-values less than 7, also copper can
underge cerrosion, and under special cir-
cumstances (low HOO4/50y ratio), cven
puting

Henge, in order to avold any of thess types
ol cormosion, the fallowing measures shoulid
be teken

# The oxygen content must be as low as

possible, at the highest 0,02 mg per kg
waler

e I ihe oxvgen content is higher, water

treatment musi be applicd 1o reducing
the oxygen content 1o acceptable levels

Water treatmrent can be done by thermal
boiling or chemical degasification e by
means of addition of natmwmsulfte, hydra-
#ine, tanwing and other reduction media)
Far more details see Chapler. 9.4

9.8 Combination of steel and plasiic
pipes and risk for corrosion

So far the use of plastic pipe systems 18 coii-
sadered, two questions arise for the practical
apernlion:

i
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#  How much oxygen do plastic pipes add
1o the systems 7

# How do the metallic parts react on the
presence of the increased oxvgen con-
teni, e, how o combing plastic pipes
with steel or copper pipes or which im-
paci do plastic service pipes have on di-
rect connecied steel radiators T

The reason for the fear aboul the "oxygen
poisoning” of disirict heating svelems dug 1o
plastic pipes iz founded on experiences of
the T0's and carly B0's when uncritical use
of unprotecied plastic pipes in Moor heating
sysiems led to fatal consequences. Since tha
time at least PEX-pipes have boen supplied
with diffosion barriers, in mos| cases made
of cihylenevinylalcohel or by aluminiwm.
Aluminiom/PEX compound pipes arc

mostly used im smaller dimensions and for
special applications

Barniers made by ethvlenevinylalcohol

(EV AL or ENVOH) on the other hand are
plastic products and exhibit a small, pon-
zero diffusion rale for oxyvgen as shown also
in Figure 8,11, Measuremenis of the oxvgen
permeability in PEX-pipes have been made
in Sweden, Denmark and Germany, al dif-
ferent times and with different pressures

volved in the tests, The results differ there-
forc also from laboratory 1o laboratory
However, by means of Dield expenence, reli-
able minimum valoes for the permeability
can be derived, which are reasonably con-
form with the resulis from laboratores.

The valucs (rom Figure 8 | | indicaie o
sprend of the specific permeability o T =
BOC of ihe plastic pipe barrier EVAL for
test pipes with a diameter of 25 - 30 mm:

0% < a < 71048
Bim*sbar),

Corresponding values for pipes with the
wme dimensions as above bul without a
barricr ang

71077 < & <210 giim®s-bar),

The oxygen permeahility for barrier pro-
tected PEX-pipes iy abeut a factor [0 te
2008 sialler than that for unprotecied

Fipes.

It is therefore of greal importance 1o evalu-
ate Neld measurements in order 1o analyse
the eventusl consequences lrom oxygen
leaknge 1o sysiem componenis. The meas-

frrrer EVOI (11, 25, 26, 4] uremcnis from different lnboratones summa-
s g nsed in Figure 8.11 give for T = BO"C the
following maximum valoe for the
Dimension d V (L=10m) o (09-PEX) oxygen permeability through PEX
141011 T m® @/im=.dj pipes:
22x3.0 0.016 0.00201 3 25E-01 o = 7108 g/ (m*-shar),
28 x40 0.02 0.00314 2.60E-01 With this value, the following oxy-
32x29 0.0262 0.005307 2 00E-01 gen diffusion rate can be calculated
for various pipe dimensions (Table
40x37 0.0326 0.008343 1.60E-01 9.2}
50 x 4.8 0.0408 0.013067 1.27TE-01 It shoald be { thint 1he rosclis
63x548 0.0514 0.020739 1.01E-01 from Denmuark {Amby, 19%88) indi-
cates a-values which are a factor
75089 0.0612 0.029402 8.50€-02 10-100 smaller, the reason for thal
Bl x82 0.0736 0.042523 T.0TE-02 is nod quite sure. 1f is obvious from
Tabde %.2 thai the
110 x 10 0.09 0.063585 5. 78E-02 tlom o PR docronny itk fcross-

The conclusion from these meoasuremenis is
that laboratory measuremenis are difficult v
carry out af low oxygen conlents due oo
usually low amoum of pipe surfaces in-

ing dimensions dug 1o the decreas-
ing arca’volume ratio,

Hewing cites measurements of oxygen per-
meation for both tyvpes of pipes with and
withioul oxygen barrier, sce Figure 9.1 1t



should be noted that according to DIN 4762
for Noor heating pipes, the permeation D,
sliould be less than 0.1 ghm® per day. The
inaximaeny vilue 0008 pfm® per day for the
pipe with oxygen barrier af 640°C coqre-
sponds 1o o a-value of 6.4 lll““g,."! o -g-buur
and is therefore guite close to the value cited
sbove Mmom other manufaciurers

Dxygen permeation measurement, 1622 mm pipe

—— P W T oy pan barer

—il— papa vy Bt ooy gen bares
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fuite e Hasang pupas f8 5 2
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As an example. Table 9.3 shows the con-
iection between oxygen diffusion and the
penount of corrosion products dug 1o a pipe
system with 2 x 500 m EVAL-PEX-pipes
Diurnal resulis are presented for 30°C and
anpual resulis for o lemperaiure mix in g
BT district heating network. In this
example, ihe annual corrosion of 3 10 m
steel pipe caused by 500 mi plastic medium
ppee of the same dimengion 15 about 3.7
pi/venr and the anual collecied sludge in
form of magnetite or Fe{OH}); lor the given
lzmperature mixiure 15 bevween 14 and X0 g,
depending on the pipe dimension

Although the expected corrosion of steel
pipes duc fo plastic mcdiam papes 15 very
slow, il equally distritnated, ths maghi nod
be the case. In Germany [4). the infleence of
local corragion was estimiled and compared
with the influence of evenly distributed cor-
rosion. For one application, in which the
water volume of plastic medinm prpes was 4
times that of steel pipes, Uhie max<inu pif-
ting wins determined fo be < 0.1 o ia 35
vears compared 10 evenly disinbuicd cormo-
sion which is estmated to be < 0001 mm in
13 vears. Hence for the reason of pining. the
amount of steel pipes in a combined plastic
pipe/siee] pipe net should mot be 100 small

I becomes obvious thal the corrosion éf-
Jects due to PEX-pipes with EVAL or
EViM barriers are negligible, Because of
the risk of pitting, however, i is recom-
mended that the volume of steel pipes or
mrrwding sfeel arcay vhould Se af legaw
1 % of that of plastic pipes. (The German
recommtendarion is thatl the amount of steel
pipe surfaces be af least 30 %),

There are, however, no indications for PEX-
pipes beng the cause of enhanced oocur-
rence of pitting or pitiing corrosion. The
icurnenoc of common Corrosan 'IIIIII'.' o
plastic pipes is comparable with the corro-
sion cansed by the normal residual oxyvgen

Oxvgen cguilibrinm

The Dantsh Technologucal Instiute (X1
reports on measurements of the corrosion
dynamic on sieel pipes and steel radintors
[11]. From these measurements, o dyvnamig
corrosion fuctor 1, as a function of the Now
velociiy can be derived. It is shown in Fig-
are 4.2,

The corrosion lactor {, determines how the
exvgen dilfuse through the water and how
fast it can interact with the pipe walls. lis
infMuence can be descibed by the fallawing

eopuntion

(e
'l.

¢, ={g —¢, )@ +2,

with ;. ¢: & being the concentration ot the
beginning. ol the end at the time 1, Ahe
steel surface area and ¥ the witer volunse ol
n closed sviiem

In Table 2.3, all results are calcolated with-
ol the corrosion [ctor presaming that all
oxvecin prodoced by the PEX-=pipes is con-
sumcd immediately in the steel pipes Con-
nected nficr the plostic pipes. However, il a
v namic cormosion fctor is aken 1o ac-
count. and if it is further assumed that there
are no ollier sources or sinks for (he oxygen.
a balance will be cstablished between the
produced and consumed oxygen. The slower
the cormosion factor, the less oxyien 15 con-
sumicd and the higher the equilibium con-
centration will be This equilibrivm value is
P00 pacrogrm oxyeen per lire wiler for o

b
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9.4 Water trestment

As o plastic pipe svslems, all
usual meihods for water iresiment
in stcel pipes are also recommeded
excepd the use of such inhibitors
and other chemicals which might
coninbute 1o accclernted break-
down of the oxygen bridges of the
PEX matcral

Softeming

Soficning is applicd primarnily for
the reduction of calcium and mag-
nesium ions coniribuling (o sludge

Figurd 2] Corrmiind faeior 85
fympdioan off [ag Faw il

Fakde 2.7 Diffsson of i
and orrasron prodech sa TEY-
iy widh orgees Borrred E1LL
T wlailpe iy prommed fo conriil
of 30 %5 Alipgaetnia and 50 %
FaflIiii,

72

= T-'I.ll"';ftm'-!-l:ur: fior the permeation in
00 m plastic pipes and 10 m steel pipes. In
order to get the equilibriom concentration of
oxygen in water down (020 pgil, ot least S0
m stcel pipes should be combined with S04
m plustic pipes

It cam be stated thiet the combirarion of
80 % PEX-pipes with oxygen barvier amid
1@ % steel pipes is theoretically sufficient
for bring devwn the oxygen level in any case
fo farferated valies withou! exhibiting o
prohibitive corrosion risk in the system.

Results for PB and PP plastic pipe svelems
are for the moment not known

and scaling in the sysiem. In general, Ca-
and Mg-ions are exchanged in ion-changers
against Ma-ions by means of addition af
NaCl (salt) to the ion-exchange bed How-
ever, a oo large salt content can lead to
pitting in steel pipes or other corrosion in
siec] pipes

Deionization (Desoliing)

The waler is desalinated by leading it
through both a cation and an anion filer
Beds containing HC1 and NaOH respectively
are removing all wwpes of common salis dis-
soluted in waler, such as MgiHC Oy,
Cad0y, NoCl or 5ilk, Detonized water can
also be produced through invericd osmose

by pumping water through a scmipermeable
membrane, Deionized water gives low

Dirmension [g C.id] [g ia] [g/d] [g/a] annual cor-
[mm) (BO*C) {temp mix} (BO*C) (temp mix) rosion
20/60 *C Fe{OH),+ ap/en *C (mmiyr)

Fe,0y sludge
(sludge)

22 x 3.0 0.07 4.91 0.21 15.72 3.310°
28 x 4.0 0.08 6.14 0.26 19.65 33107
2x30 0.11 7.98 0.34 2554 33107
40 x 3.7 0.13 10,01 0.43 32.03 33107
S0x46 017 12.53 0.53 40.08 33107
63 x 5.8 0.21 15.78 0.67 50.50 33107
75x8.9 0.25 18.79 0.80 60.12 3.310"
00 x 8.2 0.30 22,60 0.96 72.30 3.310”
110 = 10 0.37 27.63 1.18 8542 3,310




amount of sludge, low scaling and low nisk
for corrosion.

Deoxygenising

These methods can be used in connection
with plastic medium pipes, Several methods
are commonly applied

Thermal degoassng

The most common way is 1o make the waler
boil under vacuum 41 low lemperatures

Chemical deaxvgenising

The waier 18 irested with chemicals reacling
with oxygen. Among chemicals 1o be used
are Mo 50, or hydrazine (M:H.) Ma:S00,
shoold be used carelully doe 1o Hsk of cor-
rosion on copper. The use of hvdrazine
should be combined with o pH control sys-
fem. Mowever, for ervironsienial Feasomg, o
here af Avdrazine for sae ir dixteicl healing
ix expected fo be prl info effect within o
cobprle of Wars.

Ciher additions are Tannin or organical
compounds, Mone of those has been evalu-
died for plastic medin pipes

Inkibitors

Inhibilors are water additives provided for
corffetlon previention, | ¢ delonized waler
can be treated with NaOH (ca 2 g/m’) for
balancing the pH value between 9.5 and 10
IF oaly softencd water is used, the amount of
NaOH additives depends on the amount of
HCD, dissoluted in the water

ATTENTIN: Generally speaking skoalid
additives to the water in plastic pipe sys-
femy only be wved when i iy demansirated
Jfor certain that they will not have @ mega-
tive inflaence on the strength amd working
life of the pipex. However, there is go evi-
derrce that the processes described abave
have negative impact on plastic pipex.

W5 Erosion-corrosion

Erosion corrosion occurs manly on material
containing copper sach as copper pipes and
brass couplings. a.0. This tvpe of corrosion
occurs in water with relatively high oxvgen
content and high MNow velocity (or locally

modified water Now vielding high velocity,
for example in some types of couplings)
The waier Mow erodes 1he protecting laver
of copper oxide and thus offers fresh copper
surfaces 10 the oxygen in the water building,
a protecting laver which gets eroded, and so
on. The process accelerates with decreasing
pH value. The maximum recommended Mow
rate for aveiding erosion corrosion is
Im/sec, This is o velocity which is reasona-
bly high for plastic medium pipes also with
respect o pressure drop and noise gener-
fon.

9.6 The Grodis-commnection

Ome way of avoiding corrogion in plastic
medium pipe sysiems was developed
through the 1%80s when the permeation
barrier was nod vel available, ot leasi in
plastic papes with larger dimensions. The
Swedish district heating group of Studsvik
developed with the GRUDIS-pninciple one
wity of disregarding of the axyvgen eventu-
ally dilfusing ithroogth the plastic pipes.

Bv designing the secondary or local net
completely according (o domestic hot waler
standards, the cormsive influence of the
oxygen was overruled by the matenal qual-
ity of the components. Farthermore, feed
waler could be added untreated 10 the sys-
tem and consequently domestic het walsr
could be prepared directly in and taken from
the net, Therefore, oxigenaied walcr was
continuously circulated through the pipes
withoul any risk for corrosion. Floor hesting
of plastic piped radistor beaiing could also
be connected directly 10 the svsiem. In ex-
isting buildings, the heating circuits were
separated by o stuinless steel heat exchanger
from the plastic pipe netwark. Aboar 20
Crudis systems were built during the 1980s
pnd are still operaling safcly. For more de-
tails abowt the svstem see Chapler 4.1.4.3

3.7 Plastic pipes amd water quality -
cApEricaces

The conchisions above indicate that o com-
bination of steel and FEX-pipes is in mosi
ciases o technically reliable solulion. How-
ever, the designer of piping networks has (o
be aware aboul the role of the oxyeen difTu-
sion kirrier and must muke sure that
enough steel is present in onder 1o let the




Figuire 7.5, Cheygen comesmirmiog
i bhg rturn pliitie papet of the
Langhalt spntem fporml 4 jm Aerch

pencirating oxvgen be consumed in o safe
Wiy

Some examples shoald illustrate the use of
plastic pipes.

.70 Field siwdies in Longholf,
Premmiark

A lecal district heating system with totally
3500 kW for around 200 consumers has
been buili in 1991 in Langholt, YVendsyssel,
Denmark [25]. The distribution network is
built if a combination of PEX and sicel
pipes. The plastic pipes have the dimensions
DM 22 - 50 and all sicel pipes have dimen-
sions DN 60 - 130, About 7800 m (trench)
plastic pipes and 2000 m s1eel pipes have
been applicd in the nel. Totally ca 64 %
plastic pipes arc installed, from which about
B %% are service pipes 1o ihe consumer sta-
tions, The amouwnt of water distribuied a1
micasuremenl limes was 36 m'/h, the design
temperatyres were 30°C (supply) and 33°C
(return}, respectively. The water was treated
for controlling pH value and oxygen con-
tenit

In one of the branches of the network, the
following test points were placed measuring
oxygen and other waler qualily parameiers:

I, Water leaving the hot water plani

2 Water emering the plastic pipe main
line

3. Wuaier in the point of retum in the
plastic svstem (most far away from the

Rag heating plani)
Lafnjhued 11, Pt pijs
whwr'::'-\‘rr*:wf’***_“"ﬂ*‘?“f*w"r‘ﬁ i
_. -
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4, Waier coming back to the steel pipe
main lng

3. Water entering the heatng plani.

The oxygen ireaiment was siopped before
start of the final measuremenis

The measurcments were performed with a
mobile measurcment cquipment cxtracting o
small test flow of the water, which after the
measurcments has been dumped to the sew-
age channel. The svsiem measured the oxy-
gen confent and the femperature of the wa-
ier and the results were recorded with a data

logger.

The measurements carmied out in December
1991 and March 1992 showed very low
oxvgen concentrations of 1 - 110 £ a1 all
measurement points (see Figure 9.3), Dur-
ing the summer scason, however, large
variations of ihe oxygen levels, from below
10-107% g/l wp to greater than 100-10°¢ g/}
could be found, with very fast jumps in the
oxvgen concentration from low 1o high. A
nearcr analysis of the operational log book
showed a correlation of this exygen pene-
tration with the steam cushion of the hot
water accumulator

It is a very common problem in kof water
healing plants, thal the sieam coshion in
accimilators, which showld prevent the
peneiralion of oxvgen through the lop water
laver af the acewmrwlator, does rof work
satisfactorily if the accumwlator fempera-
ture (5 foo low, The steam cuskion can col-
fapae with an insweking of fresh air and
confaminaltion af the wafer a3 a comse-
gquence. Further measurements confirmed
i Befaviowr

The expericnces from laboratory analyses
carried out in parallel with the ficld tesis
showed also that the amount of plastic and
steel pipes in the system only can account
for an equilibrium concentralion of

02510 g/l oxygen, i. e. below the possi-
bilities for measurement with the squipment
used. This shows thal also the low measured
content of oxypen must oniginale from else-
where, bul not from the plastic pipes

Parallel to the oxvegen comen, aiso other

waler quality parameiers such as ion con-
tents, hardness and pH-value, were meas-
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wred. Mo pbnormal content or indication (or
scaling and’or fouling could be stated,

.72 AGFW Project Valk lingen Xon-
menkigel and Grofirosseln Warsnds

In these iwo projects, plastic medium pipes
and steel pipes were successfully combined
Based on the measured values for oxyvgen
permeation {soe Figure 8,11}, the oxygen
content and the annual quantitics of depos-
its have been estimaled and compared with
ficld expericnce. The most imporiant resulls
are summarised in Table 9.4,

Initially high corrosion and sludge rates
could thus be reduced to reasonable values.
However, the biggest problem with this
sysiems has boen deformation of scales, and

depogils, sludge and consecutive problema
in sludge filters, heat meters, control valves,

and sometimies even heat exchangers

Ciae of the conclusions of the Finnish expe-
mence has been that waler treatment for
reducing the oxygen content was possible
gven with large permancni sources of oxy-
gen. Lately, certain inhibitors have been
found 1o give satisfying results in avoiding
these problents,

promwcis
9.7.4 Sweden
S A
) sty e Lo o) As also described in Chap-
I_ _ ter 5 and Appendix C1 two
UF‘T::H:HW“' - — — chml;fn.ﬂmluu projects with
rEtum € 50 50 plastic pipes have recently
Length of pipes been bailt in Sweden. The
stowl pipes m 30 net in Landskrona congists
PAMS Jipes Meh. - e C of a combination of copper
servicy - and plastic pipes (LR-PEX),
Water volume in plastic pipes m 5 na whereas the net in
Steel wall surtace m* 1250 10080 Enkoping is completely
Loas ulnigmlﬁntu aler 35 years buill with plastic pipes of
Ll ] F
siribution e < Ecoflex tvpe. [n both sys-
i i <B1 tems, the influcnce of oxy-
Een is measured by means
Magnetite deposit L 1.7 a8 of a corrosion measurcment
Esfimated O, concentration . cguipment and corrosion
winter 2 1
-::-: n A stoel coupons.

According (o the estimates presented in the
table, no problems with corrosion oF oXygen
contenl were expecied. Meither has the hield
investigations shown any unexpected values
of the oxvgen comtent or sludpge. Mo corrg-
sion problems have so far occured

#.7.3 Finland

Finland is one of the ploneer couniries for
plastic pipe sysiems with projects dating
hack o the 190°s. However, practically all
cxperiences have been gained with plastic
medium pipes witkou! an oxyEen permen-
tion barrier. Because of the high oxvgen
penetration in these pipes, the waler wis
treated with hydrazine or similar products
in arder (o prévent corrosion of boilers and
o her equipment with steel components

In Enképing the corrosion

coupons and the corrosion
seasor were instulled in the district hemting
waler supply pipe in the substation. The net
consists of 1030 m plastic pipes directly
connccted 1o stec] rdistors in (he connecied
houses. The measuremenis were taken from
the beginming of the plani operation.

The cOffosion SCnEar mensurcy o galvanic
currenl between a reference probe and the
tcst probe in the water as it s shown in Fig-
gre 9. 4. From imitial high values the value
stabilizes ai about & wh afier 10 wecks The
main reason for high initial value 1s the
pxygen in the fresh water and an initial hagh
supply of additional fresh waler until
deacration has been accomplished in the
whole nel. The oxvgen is consumed by the
direcily connected radiators of the houses
The corrosion coupons showed a homogene-

i |

"



Galvanic corrosion measurements EnkSping

0.8 Plastic pipe systems

impact on corrosion -
Summary

The guality of plastic pipes,

especially of PEX pipes has

been drastically improved
since the middle of the 19580

For district heating applica-

tions, PEX pipes with an oxy-

Ecn permeation barmier made
of ethylenvenylalcohol is the

most comman Bype of medium

\_.Lh_; »

pipe. These pipes exhibit -
although they are nof com-
pletely permeation tight - very

0124

low rutes of oxygen permeation
which, however, increase with
temperaiure. That means thai

Flgwre ¥ 4] Gialvwanig soffiiion
probg meanwromenty dafing 3
mulir affer opsraiiow ifert in
frntdping. Swedan

T

ous magnetite laver indicating a corrosion
intensity of 1.2 pmivr. No sign of pitiing
was fiound

Similar messurements with corrosion cou-
pons were performed 10 the net in Lands-
krong. There 3000 m Cu pipes were con-
pecied with PEX service pipes. Measurc-
ments were performed for 3 months here in
two places. one in & bypass vo the heating
plant, and one in 4 plastic service pipe to o
CONEWMEr.

Also here, aler initally higher valucs, the
equilibrium corresion intensity near the
plant was determined 1o 2.3 pmfyr and an-
other one near the conswmer station 10 o
plastic pipe was measured to be 0.9 pmiyr
There was no sign that the plastic pipes are
a detectable source of oxvgen. The relatively
high valug of corrosion near the healing
plani indicates the existence of other oxyvgen
spurces within the plant (feed water supply
and valve leakage),

From the equilibriom levels of oxygen in
both nets it was concluded that the maxis
mum oxygen contenl is below 5 ppb, which
is below the oxygen limit for district heating
systems in Sweden which is recommended to
be about 10 ppb. Hence the plastic pipes
cannot be considered 10 be o major source of
oxvgen in cither net.

i the temperatures of W°C the
difference between unprotected and pro-
tected pipes is abput & Tactor 30 = 100 de-
pending on the make and tvpe of barrier.

The other way of protecung papes is with
Al=fol lamingite in belween two plastic loy-
eri lovestigations in Germany and Sweden
showed that such lavers are very sensitive to
delamination ot high temperatures and that
the protection could. but is not better than
that for pipes with EVOH. For these reasons
most manufacturers produce AL-profected
pipes only in small dimensions and for spe-
ctil applications. The implication of this is
that we have to live with a low amount of
oxygen permention from the ouiside air 1o
the water. In general, ihis amounl is very
low and difficull to discern from other
spurces of oxygen.

Hence, one conclusion 15 that PEX pipes
with oxygen protection barmiers can be well
combined with sicel pipes or other steel
surfaces. Calculations show that usually o
steeld arca of 10 % of the plastic pipe area is
enough for both avoiding pitting and too
high (< 20 pg O1) equilibrium concentra-
thon of axvgen in water, (for safety reasons,
in Germany a 30 % amount of steel pipe
surfaces is recommended). In such & sysiem
ihe evenly distributed conrosian will be less
than lum steel laver per vear, and pitting
corrosion is expected to be less than ©.1
mm.



Problems can occur when the steel surface is
too small. The situation cin be severe of
single component, such as a pump or the
axis of a Mow mcter, are exposed (o the wa-
ter from plastic pipes, I here are nol
enough siecl surfaces in the circait, all ma-
terial should be made in o gualiiv for feesh
water (hike in tap waier sysiems),

Usally, plastic papes are not (he only oxy-
gen lenks in district heating networks and
wiler tresfmieni measures are underiaken by
thee utility. Although ihe recommendation of
the manufuciurer 15 (o be careful with
chemicals (becanse of the nsk of alfecting
e plastics chemsiey ), the standard swater
freatimenis for degassing, sollening, deion-
weang and corrosion proteciian with mbibi-
tors cun be used with concern. Bul tensides
used for Mriction reducing eflccts must be
pvoided because of therr effect of breaking
down the oxypen bndges in the cross-linked
polvethivliens

A genernl observalion in some projecis
scemed to be thnt the (mital omoont of
sludpe colleciod in ihe filters 1s higher than
in steel pipe sysicms. Thes problcm was firs
gecn i svalems with unprotecied pipes, bl
scCms 1o Exusl also i mew sysicns with
protected pipes. The reason for this is nol
quite clear, neither 5 if clear. il plastic pipes
are the primary cowse of i, Instead the ob-
served attitude of filling up small systems
with untreated water can give an explana-
thom Tor that. However, il is recomimended (o
make very lrequent Dller changes in the
stiri-ip phase of o svelem and - cventually -
install a Barger sludge flter than normal




10 Conclusions -

Material

Several crosslinking methods for PEX
pipes are imoose, resuliing mo difforent
degrees of crosslinking  amd  thercfore
different lifetime cxpectancies. The buyer
should be awnre of this fact and note the
designntions of the pipe mannfactarer

Plastic medium pipes should not be in-
stalled withoul knowledge of the opera-
ting conditbons of the system. The empe-
rature conirol profile must be known.
The pipe manulaciurer should give his
consent 1o the applicaiion bascd on the

conirol sirslegy.

Plastic miedium pipes with osyien per-
meation barriers will normally not give

cansc for corrosion. The remaining oxy-
pen  penmeation  is comparable  with
“normal” oxygen leaking tn typical sys-
iems. However, it is recommended tha il
plastic pipes are mixed with steel pipes,
the amouni of steel pipes {or of other ste-
el surfaces) is al least 30 %% of the plastic
pipe surface. In Scandinavia it is gene-
rlly belicved that the amount af steel
surface could cven be lower, An amoqnl
of 10 %4 i3 considered 1o be sufficien

The oxygen contenl - 48 in conventional
digirict heming svstems - should be as
Iow s possible, ai the highest 0,02 mg
par kg water.

Il the oxvgen conlenl is higher., water
preatmeit minst be applicd 1o reducing the
pxvEen confent 1o acceptable levels,

The oxygen permenbility lor barrier pro-
tected PEX-pipes is - depending on the
temiperaiure = about o factor [ o 2O
smaller than it for unprotecied pipes

Water wnpoor diffusion (hrough plastic
pipe sysicms is an important facior deter-
mining economy and the long term fubc-
fion of the plastic pipe network. The por-
mmention of waler through medim pipes
should be in balance with permicaton of
the omler jacket and the  insulation
Becnuse permeation 15 temperature de-
pending in all thowe matenals (medium
pipe, insulabion, jacket), each sysicm will
find iis own equilibrium depending on
operaiing  femperniure  and  achievahle

jacket temperature. However, in praclicc
iliis menns that the thermal conduciily
will increase until an equilibriom is rea-
ched. This can take years

Additives 1o the water in plastic pipe
systems should only be wsed whon s
demonstrated for certnin thal they will
mol have a ncgative influcnce on the
strength and working life of the pipes
However, there is 0o evidence thal nor-
mal swater trealment processes described
above luve negative impact on plastic
pipes

g
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Application

In Enkoping, Sweden, 0 project was carried
il for comnecting 44 detiched one-Tumily
hioases with existing electncnl resistance
heating 1o districs heating. The sysicin s o
scoondary 0.6 Mpa system scpanited by o
local substation from the primary disiricy
heating network, The primary is buill 1 stoel
and the secomdary neitwork is completely built
in PEX. The system is providing heat (o di-
rectly connccted radiators anad (0§ hest ey-
changer for direct tap water production

Techmical paramcier

Year of construction;
Tvpe of Pipe System
Medium Pipe

Mumber of houses

House connections
Tap-watct
Radiaior

Total trench length

Heat derisig

Sccondary supply lemporature;
Secondary refurn lemperature
Primary supply femperature:
Prismary return lemperalumg
Total dimensioming power:

Average lengih of trench per house

1597

Ecoflex - Wirsbo Sweden

PEX with EVOH
givas*C

40

L

43°C

L WY

R |

.35 lsec. 55°C

10 kW (S540%C)
LIS m

ITm

b 04 MW/ trench,

Rata of sxchangs:
1USS =0 5EK

Description

For cost saving reasons, the system is kept in
smull dimensions by dividing the set in three
parallcl pans staning from the substation (sce
Figure 1) The substation is insialled in a
srnall wooden service building The following
pipe dimensions are used in the total sysicm

DI THm
DN 40 294
DM %0 63T m

With these dimensions. Wirsho Ecoflex
Thermo Twin pipes could be used (sce Figure
21, supplying al maximum 250 KW per sys-
temi

As it can be seen Toom Fagure 1, the pipe
routing was made from howse o house with-
aui bramches i the ground. The groomd was
casy 10 dig with only 30 ¢m wide and 70 cm

Plastic pipe system in Munksundet, Enkoping Sweden

deep trenches through the gardens made by o
chuin digger. Allernatively, house owners
coubd dig iheir own renches Obstacies like
large bashes and troes, but also some imes
fwcilities of the garden, were avorded
Trenches and pipe installnthons were made by
the same cntreprencur. The pipes were laid on
10 cen sand bed and sand Glling (o 10 cm
above the pipes. the excavated material was
used lor refilling the remaimng part of the
trench. Mo signal cable or drminage pipe was
installed

House connection

A steel box wias installed ai the Troot wall of
cach house which takes up the ends of the
conmecting pipe and in which system by-bass,
service valves and encrgy melering were in-
stalled From here Cu-pipes were fed through
tive wall §o the substation insede the louse
copfaining the hot water heat exchanger and
the shunt/pump-group for heating, see Figure
3 The direct connecled radiators are steel
raduitors wilh thermostatic valves and con-
vecior Nanges on one side, A pressure differ-
ence control system avoids sound generatcon
at high pressure levels. Every house has about
12 m¢ radiators resuliing i abowl 25 m?
stee] surfiee.

Cosis

Becanse the svstem is pant of the Swedish
pregraim [or conversion of deredt electinaity
hearing. the construction costs were carefully
eviluated (basis 1997, no taxes and TWA

i uded)

Wain sabsiation 2T Gy USS
PEX = Twin pipe
distribotion Iy 5060 LI5S
irownd work 47 %a)
ipipe inswll. 57 %)
House installations 43 500 USE
Other costs B 10 LI5S

These cosis include a1l work of enireprencurs
and subenireprencurs and also all purchaser
costs during construciion, excepl plunning
costs. 11 can be scen that the average district
heating connection costs per house are about
5 400 LISS for the compleie svstem and 2 400
U155 for the plastic pipe distnibution sysiem.
e B USS'm trench
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Experience and evaluation

A correston analysis system was mstalled
directly when starting the syatem in Novem-
ber 97, Afler 77 days the first oxygen lest
plate was removed showing a corrosion of
1. 2umiyr, without shewing any sign of lecal
corrasion. Al the same time galvanic corro-

sion sensor measuremnents indicated levels
which were initially 10 times higher than
after three months (because of the axygen
content of the untreated feed water). After
three months, the corrosion sensor reached an
equilibrium level indicating very low galvanic
current of the same size as i1 Is the case with
normal steel pipe systems. The oxygen pene-
tration rate was therefore estimated (o be
"wery low”, From the operational point of
view, no incidents were reporied.

LE|
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C2 Plastic pipe system in Espoo, Finland

Application

In Espoo, Finland, a project was carmed
ot 10 connect 18 terraced hooses 1o
district heating (Figure C2 1), There were
aliogether 76 apariments i the housing
complex. The system 15 a secondary 0.6
BAPa (heating watery and 1 MPa (hot @ap
waler) sysiem separnted by heai
exchangers from the primary distnct
heating neiwork. The prumary pipehing is
built im steel and the secondany network 1s
completely buill in PEX.

Technical parameter
| Year of constriction
]T"_rp-: of Fipe System
Medium Pipe

1557 = 1998
Ecoflex
PEX and PEX with ENOH

Primary supply icmperaiure
Primary relurn icmperature
Sccondary supply lemperature
| Secondary retum lemperiture

113*C / o™
S5 f 20
ToEc

400

Hot tap water temperature

| Circulation pipe temperature

Total dimensioning power
Il Heating

(=  Hot tap wiler

| Total trench lengih

a7
50°C

550 kW
T4 KW
Bk m

(120, 180, | 30)
(280, 250, 11

Diescription
The buldings are divided in three groups

Rate of exchange There was space for heal exchangers in
1 USE = Sdd Fild only one building in every group. From
the heat exchangers heating waler and
et tagp wister were supplicd to the
apartments using Ecoflex pipes. To make
the instabintion work easier, Chiatiro pipes
were used as much as possible. Cuattre
combines 4 medium pipes in one ¢lement;
two heating pipes, hot fap water pipe and
?Fip-: Dimensions
Ecoflex AquaTwin 2R+ RI2H 50 m
Ecoflex Aqua Twin e 18/ 160 4 m
|Ecoflex Aqua Twin L0k 2E/ | 6AN LU
Ecoflex Agqua Twin S0k 160K Bl m
Ecaflex Tharmo Twin 2160 0 m
Ecoflex Therma Twin 25401 1600 30 m
|Ecoflex Thermo Twin 2% 3020 L0 1
Ecollex Ouatiro 2xFITE+ LROLGED 0 m
Ecollex Ouiattro IR NGO 200
Ecoflex Quatito 2aA040-5 TR200 Ll im

a circulation pipe (Figure C2.2). At the
start of the lines the pipe dimensions
were so large that the Twin elements had
1 b used (Figure C2 4). For pipe dimagn-
sions used in the olal system see pipe
table

Heatmg water and domesiic waler were
supplied wiito every apariment using their
own papelings. The Qualiro pipelines
were brooght 1o some of the apartments in
which case the branchings were made in
ihe inspection chamber (Figare C2 5)
outside the houses In this way the joinis
can be easily checked afterwards inthe
inspection chambers. There was no repm
for inspection chambers near some build-
ings in which case the service conmeg-
tons were made with insulated T-picces
and Twin elemenis were uged 1a some of
ihe buildings, the pipes went through the
crawl space of the buildings from which
the apariment take-ofTs were taken with
the insulated T-picces. Because some of
the pipes were laid under the houses, the
total irench length does not correspond 1o
the pipe element lengih

Technical rowm

The heat exchangers which ane installed
for the space heating water and domestic
hot water were placed in a techmical
eospint. In Figure C2.3 shows the piping
schematic for the bailding heat
cxchangers.

House connections

The pipelines for heating water and
domesiic hol tap waler were brought inio
every aparimeni. The space heating loop
supplicd boih steel radiators or fresh air
radistors. The hot tap waler was further
supplicd by plastic pipes (o the individaal
L

Costs
The Ecollexs pipe distmbulion sysizm cost
6 300 LSS with the following split

¢  Matenals 70 %
o Installamons 23 %
#  Tremching work 7 %




Average Ecoflex pipe distribution system Ecoflex pipe distribution syslem costs per
costs per apartment are | 400 LSS, Avernge  trench migtre wre 133 USE. L
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I Intredaction

Plasuic medium pipes are being used in local
district henting systems of GEW - Kaln AG
Local district heaing systems are beg built
#s secondary pipelines (o existing district
heating meiworks or consimcicd on ihe basis
of gas-fired co-generation planis (CHP) or
a5 CHP - supponed disirict heat supply. The
performance of these pipelines is cxacily
fixed o demand, in comparison, supply wath
district heat is designed for large areas and
for growth. Figure C3,1 shows such o local
heating pipeling

Since most pelvines pipelines are only mvail-
able wp 1o the dimension of 110 x 10 mm and
bocause of the quantity of heat 1o be rans-
parted. it is often necessary 1o have o mixtune
of pre-insulated steel (KMR) pipes and plastic
micdriam pipes (PMR). For coonoimic neisons,
tse application of plistic pipes is Timited 1o
sanaller pipe diameters at the GEW Kaéln AG.
Cost comparisons hive shown that the eco-
memiie limit is abowt BN 65, However, the cost
comparison should nol only concern the mais-
mial, oise his o compare the layving of the com-
pleie systems KMR and PME consisting of
pipe building, civil engineering, including ihe
dielivery of matennls

2 Plunnming

To be cconomuic, 1l 1% neccssary 1o desagn the
svalem scoording to demand a8 accurately as
possible From the very begimmng. This re-
guires information on the hes power needed
and, il applicable, the charnctenstics of heat
demand, for instance, for hol-waiér produoc-
thon or air conditioning. In addiion, the
local situntion is decisive for the planned
laying technique. In all cases of reconsimic-
tlon measures in cvil engineering and road
construction, the gronnd has to be taken info
accomnd 1 there s any doubl of e res-
abvility of the excavated material or oihcr
problems, then these have 1o be considered
in the contracts. for instance, when bind los
previousiy begn used for military or indis-
trual porposes. In such cases, PRMRE should be
avorded in favour of MR

C3 Plastic pipe system in Kiln, Germany

21 Use of PMR

Compared with steel pipes, PMR ofTers three
important advantages. They are easier 1o
assemble, do nol require compensators and
are nol affected by corrosion. There 15 1
cialculated margim for detcrmmming the hmis
far the application of PMR-sysicms, de-
pending on the reserves which one wishes 1o
keep in the design. Taking into accouni the
pipe statics, the range of application consid-
ering the information given by the manu-
facturer should only be resinctively used
Lower lands increase the lifetime.

The svstems (FEX and PB) are suitable for
usz in district heating pipelines lor

0,5 {06y MPa  overpressure and
HC for varialle operation

Far this reason, when possible, the forward
ranning temperature al the customer 15 lim-
ited 1o B5*C. Under these conditions, o
sdimilar useful life 15 expecied for PMR and
KMR

Mast pipe conncctions dre made with metal
connecling elements; the joinis are expen-
BIVE,

2.2 RWydraulic dimensioning of pipelines

The basic data for dimensioning are the
prescribed quantities of heat with the re-
quired temperature distribution. In addition,
for the hydraulic layout. it has to be decided
whether the supply should be operated di-
rectly or indirectly. The lrst dimensioning
of the required pipeling diameter can be
done withi the information provided by the
manulicturer. Boundary condilions are usu-
nlly:

Flow velocity in ihe pipelines = 2 mfs
Total pressure loss (dyn # st § < 0.5 MPa

For Koln, 1he economic arca for flow ve-
locilics lies between 1.4 mi's and 1.6 m/'s

For reasons of cosl, armatures are finted
sparingly and only 41l stralegically important
places, and only in the case of a mixed de-
sign of PMR and KME, Otherwise, Diltings
are only used ot transfer sttions,

5
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Hest generation and hest distnibution are
separed. To design the pumps, which are
found in the gencrating station, a pipeline
charactenistic should be worked out [t 15 not
always sulficient to select pumps only ac-
cording the peak values. The lust ndaplation
of the hvdraulic design usually oocurs very
Iate, ofien only after sian of constrciion

2.3 Xefection of roufe

To decide ihe cngincenng measures, if is pec-
essary Tor all those iwmvalved in e work 1o
inspect the building site. Routing the papeline
wway Tfrom consalidaied paths, and public romds
fior uradTic is uswally cheaper and allows the
work 1o be underaken more quickly. 11 can
ilsa be more favourable 1o take o shom cut
firomi honse to house throagh the cellars

Later changes 1o the routing of pipelines can
be carried out immediately with Mexible
systems on the bulding site. Avoading barri-
ers can be undertaken withowt any problem,
simalarly a necessary change from pipes laid
side-by-side (o onc-above-the-other can cas-
ily be undertaken, A prool of the statics is
not required as compensation for changes in
the lengih of PME caused by icmperature is
nod needed.

In addition to the meihods for connecting
branches for fnstance, for lowse connéctions
usang tees in the supply pipeline. conpéc-
tions can also be looped in, These can be the
cheaper solution in spile of & longer lving
length,

24 Anneuneeneints and plicing orders
Jor construction work

The tenders are usually all-inclusive. The
offer is then based on the price per minging
meeler ar per plece. Characteristics of the
building site are described as accuralcly as
possible and explained on the sccasion af
the site inspection This helps the conirmcion
to reduce calculation nsks,

Pipeling trenches defined as "trenches, not
1o be prodden on” according to DIN 4124
are mgide up to 125 m decp. Substitution of
soil (ouside the papeling sened 15 only al-
lewed aller appropriate notification

GEW-Kaln AG as customer provides all the
necessary matenial

Details of the construction project, svsicm fo
ez Imid. the gqualificatioans of the contractor
including possible subcontractors. the per-
sonne] carrying out the work, the necessan
quality of construction and the certification /
tests ele. ane discussed duning negotiations
of the cantract

Fipe and sleeve conneciions arc carmicd ol
by assembly personncl, instructed by the
manufaciuners of the sysiem. They must
havie hiad sufficient practice with the prod-
ucts being used. The GEW Koln AG organi-
sation responsibie for quality codtrol hos
showel that o one=day iGwmng period 15 nol
sullicient.

The warrnnty period amounls to five vears
and ingludes all direct and indirect applica-
tions originating from the case under war-
Ty

4 Execution of the engincering

Pipe maierial, rolled onlo drums ol differend
prefabricated quality, is delivered dirgctly 1o
ihe building site. The number of joints is
reduced as a result of laving exact lengths of
pipe. A clear cuiting plan for the malerial is
imponian, to reduce waste lengihs to g

AT TR TILLIE]

As g oresult of the Mexibility of the pipe mua-
ferial if is possible 1o use a technique similkar
13 laving cables. Small, manocuvrable con-
struciion equipmienl has proved to be par-
ticularly Mvourable 1t i especially advantna-
peous i e contracior can undenake both
thie underground enginecring and pipe-
laving as well is the agsembly of pipe con=
nections

Press-on connechions are expensive and 1o
somc extent 4 lomger delivery time for the
materiol higs to be caloulated. 1115 practcal
if the connecting clemenis can be supplied
as o complete sct i a welded plasic bag As
a resull of delivery times i has proved ad-
vantigeous 10 keep some material in reserve

For destrict heat pipelines lnd in the
ground. only inscparable, form-locking con-
mections can be permiited. Chnly mctallic

ol



pipe connections should be used, tesied ac-
cording to the DVGW-Arbeitsblngt W 532
The medium-pipe connection of o particular
brand usually requires company-specific
tools. The suppliers of ihe svsiem are nor-
mally prepared 1o make the pressing inols
aviilable free-of-charge.

The time recuancd for the constraction work 18
mormally determimed by the ground works, as
the swstem nsed means that onby a small efor
i5 required for asscmbly of PAMEB. As @ resalt of
the fast lving process for longer lengths of
pipe and the immedine Hilling-in and cloging
the pipe trench - with the exception of the anca
arcund of pipe connections - sicel bridges Tor
vehicles and pedestrians arg nod peeded and
expendires and cfforts for building site
cijuipmeni, bammcades, traffic doversions eic
are redsced

The lnying of smoller nominal diamelers can
b undertaken by the assembly workers
without the suppor of mactunes. For larger
notmmal dinmeiers and longer pipe seclions
it & recommended using saitable unrolling
edqinpmeni (cable rolley)

The proshucties of pipe connections for smalker
maminl dipmcicrs can be cunicl ol more
ciliciently by onc single worker. In this case,
conling times for shnnking slecves or wmting
tirmkes for foaming can be favourably integrated
into the Mow of work, In the laving and pro-
duction of pipe joints of mediem and larger
nominal diameters, an ausilisey helper should
e wsed i align and fix the mediom pipe. Daf-
ficultics are encountened when the pipe mate-
rial relaxes duning Loving

For surrounding lemperatures near or below
frecring point, the PMRE must be preheated
for layving, so that o sullficient Nexibiliy is
present. This can be done, for instance, by
starug the pipes in @ heated warchouse ar
by heatimg with a hot mir blower

If papes have 1o be cul, for imstance in the
case of a repair, then the pipeline must be
fixed, The shrinking of the medium pipe as
o result of cooling down must be controlled
wilh suitable tools. Il necessary, an adjust-
ing piece must be fined

Belore refilling the pipe trench, the Lad
PMR has to be checked visnnlly for tighiness

ol mediam pipe joints wsing 4 pressurised air
icsl (dust- and oil-free abr with 20 - 30 kPs
OVETPIESSuUTE)

For hilly areas, a watertight sectionizing of
the individunl pipe lengihs is recommended
ot the connections, &8 using the end-cip
techmigues commonly used in KME systems.

For repairs and extending the pipeline, there
ame squeezing processes for PE-HD pipelines
kmnown Trom gas and water supply pipelines
Squeeming means the provisional closing of
o pipeling with a suitable clamping ool
when no shut-off valves are available. In
this winy, during the operation of the pipe-
ling, a connecling branch pipeling can be
added or repairs underaken withow shut-
timg down the whaole line Following investi-
gations in koln this process showed no re-
duction in the service life. However, reliable
long term exporences from the squeceing
technigue are not avaiinble,

Afler entening the house, of the end point of the
PhIR-systems, defined Tived points wre o be
made. Pipe ends are closed with end plugs. The
forward and return pipelines should be dis-
timctly marksd,

4 Pipeline operation

The pipelines are filled with prepared water
{condensate). The water quantity 15 con-
trolled sotoinatically, By means of the -
stallation of a filter plant in o sccondary
hing, particles and odher contaminanis arg
filtered out from the hot-water circwit. All
lings are monitored by remode conirol, boil
generation as well as customer svsiems

Pipelines operated by GEW -Koln AG, func-
tion under very different opersting condi-
tions relinbly and walhoul problems Prob-
lems only occur as a result of external indflis-
Ences

2 Costs

PME have o difTerent cost streciure than
KMR. Civil engincering is chesper since the
trench profile is smaller. As a result of the
fexibility of the pipe maierial, cosily roule
situations ¢an be gvoided. The casy-to-
pssemble PMB-system, which usually comes



to the building site as continuous lengths of
material, produce clearly reduced assembly
costs In conirast 10 KMR-pipelines there is
no need to weld the steel pipe lengihs. The
PME-pipelines are normally cul o the right
lengihs. Although the sleeve lechnology for
Joiming the jacket pipes is identical, a con=
siderably reduced number of sleeve minis 1s
rerpired

From the point of view of the anlities, 1o0-
day's price for PMR docs not seem 1o be
pcceplable. In individual projects it wik
determined through recalculations that today
PME (matcrial with appenaining filings -
withiout asscmbily) is overpriced comparcd 1o
EAMR. Snunll nominal dinmeters were ca
T0% and larger nominal dinmcters ca. 50°%
mare expensive. PME wall only have a
chanee in the future, if it can be offered a
the same price level as KMR. Afier all, the
utilities have additional expenditures 1o
compensate for the hmited wenperaiure and
Fl‘-ﬁ.!lll'n:' P.'ll'rlml:‘l-l‘."l‘i

For the kaln arca. the presenl consiruction
costs amaoint o ca 173 %'m for PMR ap o
DN 40 and about 225 1o 265 $/m for sizes
fp b0 DN 65, A strong synergy effect 1o
reduce cos1% can be found in the simultane-
ous laying of gas. water, clecincity and tele-
communications pipelines and cables. This
ivpe of co-ardinated consiruciion 18 also very
hughiy nppreciated by the generl public

The autlver of this contnbuiuen is
Dipl, Ing. Wolfgang Peter, GEW-Kdln AG
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C4 Standards

Dacument Title Document No Developing
Organization
Adopting Bod

The following plastic pipe standard system is
under development and is by May 1998
published as Draft lnfernational Standard, N5,

Plastic piping svstems for bot and cold waler —
Polypropylene (PP) IS0MIS 15474 1503

Flastic piping systems for ot and cold water -
Crosslinked polethyleng (PE-X) ISO/DIS 158735 150

Plastic piping svsteéms for hol and cold waler -
Polvbutylene {PE) ISOVIE | 5876 150

Part 1@ Ceneral

Part 2: Pipes

Pan 3: Filtings

Part 5 Fitngss for purpose of the system
Par 7' Assessment of conformity

Further stundards of interesi

Thermoplastics piping systenis - End-load

bearing mechanical joings between pressure pipes

and fintings - Test method for ressstance to pull-

out under constand lengiivdimal Force EN 7121996 150

Plastics piping svsiems - Thermoplastics pipes -
Delerminstion of resistance to internal pressare
Al consiant lemperature EMN 4211990 150

Plasucs piping svstems for the trunspon of waler
inieaded for human conssmiption
Migrtion assessment EN #5711 996 150

Influence of materinls on water inicnded for human

consumphion — Organic materals - Pipes. filtings

and their coatings used in piping systems. Odour

and favour assessoment of water EN 1420019 150

Plastics piping swsicms for the trmnspor ol waler
intended Tor human consumpion -
Migration assessmcnt EN B52: 1996 150

Infuence of nuerinls on water intended for human

consumplion — Organic maierials — Pipes, Diings

and their contings used i piping svsiems, Odoor

and Mavour assessment of wiler EM 14200 1996 1508

W




Document Title Document Na

Plastics piping svstems — Plastics pipes and fiiings =
Mensurement of dimensions and visaal inspection
of surfnces EN 496

Plasiics piping systems — Plastics pipes and finnings
Determinniion of the opacity EN 578

Elastomeric seals - Matertals requirements for
pipe joinl scals used in water and drainage
applications - Pan | Valcanised rubber EM 68 1-]

Plastics piping and ducting sysiems — Injeciion
moulded Gitings — Test method for vissally
assessing effects of heating EN 7563

Plastics piping systems Thermoplastics pipes -
Dretermination of resistance to imernal pressune
al constan! lemperaiurs EN 921

Copper and copper allovs — Plumbing fittings -
Pari ¥ Fittings with compression ends for use wilh
plastic pipes EM 1154<3

Plastics — Determination of the meli Mow rate of
thermoplastics IS0 11331991

Plasncs - Determinaton of waier absorplien

(e Mo 16H) [SOYFINES 62: 1997

Preinsulaied Mexible pipe svsicins:

Requiremenis and tesis PREN XX5X-|99E

Developing
Organization
Adopting Bod

150

150

1500

150

CEN

(CENTC 167/WG 10 N 65 D)

Plastic papang svstems - Crosslinked polvethylen
(PE-X) pipes — Determination of degres of cross-
linking by solvent extraction S5-EN 5701997

Plastic prping sysiems = Thermoplasice pipes -
Determination of resisiance 1o inieraal pressune
af consiant lemperntung S5-EMN 921195

Plastic piping and ducting sysiems - Thermao
plastics pipes - Detcrmination of the longitudinal
IEVETRITN S5-EN 74319097

Robrleitungen aus Kunstsioffen filr Wanmwasser-

Fusshadenbeizongen. Allgemeins Anforderungen  DIN 4726 199509

Robrlgimngen aus Polvbuien lir Warmwasser-
Fussbodenheizungen, Besondere Anforderungen

und Privfung DIN 4727198809

515

515

Sl5
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Document Title

Rohrleitungen aus vernetzten Polyethylen hoher
Crichie fir Warnswisser-Fussbodenheizungen;
Besondere Anforderungen und Prifung

Hohee pus verneizien Polvethvlen (VPE),
Allgemeineg Glleanforderungen, Prifung

Rohre wias verneteiem Polvethylen (PE-X1, Masse

Rolire ans Polybten (PR - Allgeméme Oualikis-
anforderngen wnd Prifung

Raohre nus Polvbuten (FB) - PB 125 - Masse

Document Nao

DIN 4729199309

DIN 16892 1985.03

DM I6R93: GRS 11

DN D6 1996, 12

DIN 165059 199712

Developing
Organization
Adopting Bod

(] I

DIN

DIN

DI

DIN








