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Preface and Acknowledgements

The Imernational Encrgy Agency (IEA) was
estoblished in 1974 in oeder 1o strengthen the
co-operation between member countries. As an
element of the International Encrgy Program,
the partscipaling cowntrics usderiuke
cooperalive actions in energy research,
dipvelopament amd depmionstration,

Disarict Heating is seen by the IEA as o means
by which countries may reduce their
depemdence on ail. It involves the incressed wse
of imdigenous or abundant fuels, the utilizanon
of wasie energy amnd improved energy
elhicicncy, With the same objectives Disinc
Cooling is genting a prowing imerest. The
pasitive environmental effects of improved
energy efficiency wall give an additional and
very strong imipulse o rase ithe sctiviibes on
District Hesting and Cooling.

TEA"s Program of Research, Development ansd
Demonstration on Didricl Heating was
establishied in 1983, In dhe periodd beivween
MNovember 1983 and March 1997 under ihe
auspices of the TEA 4 programs were carned
o, Annexes | o IV,

In May 1996 Annex ¥ hos been started up,
The following couniries co-operate in Apnex
Ve Canada, Denmark, Finlaml, Germany,
Korea, the Netherlamds, Norway, United
Kingdom and Sweden. The Executive
Commitiee hus s¢1 following priomtics:

= Dypumisation of operating temperaiures

= Balancing the production snd demand in
CHP

= Cosl effective DHEC networks

= Fatigue analyxis of diswrict heating sysiems

= [hsirict heating and cooling o futiare
hunlslings

= Hansftssek alsmn plastic pipe systems for
districr heating

= Opiimal operatbon, operationad availabiliny
pnid manienance in DH systems

MONYEM s scting as the Opernting Agent for
Annex V.

General information wbout the TEA Diana
Heating and Coeling Program will be given by:

IEA Secretariat The Operating Agent
Mr. Mel Klimann MOVEM Mr, Frank
9 Rue de s Pederation  van Bussel

F-T5715 Paris, PO, Box 15

Cieddex |5 NL-G13M0 AA
SITTARD

FRANCE Thie Metherlamls

+33-1-403 767 BS +3 1464202332
Fax: #33-1-405 76T 835 Fax: +31-26-3528 200

E-mal: E-mail:
“kliman @i org” *plnoviviiE
thmmeail com’

This report is part of the progect “Cost effoctive
DHAC ngtworks™ wilth the tisks

=eold mstallution of rigid disirict heating prpes
—new wayvs of installing disirici heating pipes
=g of ¢xcavated matenisls

The waork on the ask new ways of insdalling
district heating pipes has been monitored by the
“TEA-Expens Group Cost Effective Nefworks™
(EG) with Dr.-Ing. Frieder Schmin from MYV
Munnheimer Yersorgungs- und
Werkehrsgescllschalt Energie AG (MVY
Energie AGY". D-Mannheim, as project beader
and chairman of the experts group,

Tl'u: members of the Expents Group huve been:
Sien Tore Bakken, Norway
Ciert Boxem, The Metherlapds
Nigel Gorrod, Great Britun
Heing-Werner Holfmann, Germany
Manfred Kiopsch, Germany
Ture Nordenswan, Sweden
Per Rimmen, Denmark
Kun Risuger, Denmark
Yeili-Pekka Simola, Finland

The chairman wants 10 thank everybody who
fuass combritaed and macle iy possible w canry
throwgh tiis work - especially every indivadual
of the EG for muaking a good ¢lTor and
showing a positive will 1o cooperate. A special
ihank to Mr. Sirola dand Mr. Bivistd Tor their
special contributions of material from Finland.
Mr. Kivisgd, EKONG ENERGY, BEspoo -
Finlamd was subcontmcion on this project amd
dealt on the 1ask twinpipes. This conribution
entitled "New Ways of Laying Pipes - Savings
and Benefits Achievable with Twin Pipe’ is
altoched o this repor. Thanks alss fo the
mupnuisciorers who made some maiernal
avatlable 1o us
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Summary

The highast potential or cost-reductions of
district heating networks lres in the carth-
works, By using advanged pipe-laying 1echoo-
hogies the trench’s cross-sectional ares may be
shrunk considerably. In comrast o the -
ventional Side-by-Side Laying of pipes the eanh
masses and costs can be lowered signilicantly
by putting the wo pipes on top of each mber o
waing only one plastic packedt for the supply and
retum pipes @s is the cose with e Twin-Pipe
sysiam,

The Piggy-Back laying requires a mamower
trench which hos 1o be excavated a linle deeper
than wiih conventional Sude-by-Side lnymg.
The pipeline bs designed usang stindirnd eqirp-
menl specified by EN 253,

The Twin-Pipe systen s used gp to a medium
pipe diameler of DN 150, 1 also regquires a
mrrower trench. In addition, the Twin-Pipe
fentures impoved thermal insulmtion and re-
quires only half the number of pipe-runs when
coumpaned 1o conventiona DH-pipe sysiems.

The mew laving wehnologhes shiow sopme el
advamages versus the standard methods within
the considered dinmeter range of less than DN
150, The cost benefit is aboul 1000 20 % The
Piggy-Back laying is cheaper even with pipe
ilimmeiers of DN 200 and lerger,

The cost-ndvantages of ihe new laving alierna-
tives have been caloulaled for conaditioms that
apply in Germany and Finland. This means high
reap. bow civil costs on the one hand and
cofursction with verteal fesp, sloped wench-
walls on the other hund.

The Crermian conditbons roughly resali in egueal
cosis for Piggy-Back or Twin-Pipe sysiems.
Here, the overall costs for both lechnigues are
abow B3 % of those of siandard Taying. When
combined with the well established cold inul-
Intron echnigue the cosis com be further
reduced 1w about 70T,

In Fintamd, the sicuntion is moee in favor of the
Twin-Fipe system (815 ) over the Piggy-Back
by g with s 925 ol the releremee cosls,
Taking the benefits of the improved insalation
intor gomsisheration costs [or the Twin-sysiem
would reduce to 714 of the reference
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Introduction

The bvest it new district heating networks in
Central and Morthern Ewrope i estimated 1o be
about hall o Billion USS per year, With new
laying technologios it seems 0 be possible 1o
reduce the overnll costs by 1004 15%, The
prospecied savings of 5000 73 Mill. US§
explain the wilities” interest ip these develop-
menis,

The inataliation of preinsulabed plasic jockel
pipes s widely standandized, see CEN
standards [ 1,2,3.4] as well as the mamilaciuies’
guidelines for design [5], The pipelines une
buili from prefabricated matenal and laid Ssde-
by-Ssde inside the rench accordimg o well
approved lechmiques. Comimon pracice is 1o
divide thie building costs bnlo three Blocks

civil et
iratersal cnsls
installatbnm costs,

The material coxs can oily be Influenced a
small degree by funher raionalization of the
production. For increased cost-elfectiveness the
civil-work block seems io be wonhwhile w
gomsider, since civil cisis make showt 50% ol
the overall costs and they sl account For pbout
A% im Morthem Europe where these costs sie
traditionally known 1o be low,

Two ways of construction have been
established which primarily reduce the volume
of carthworks for the pipelines and also
influgnoe their instolingion. One of dwse
technigues armanges the pipes not horizontally
(Side-by-Side) but vemically on top of cach
other (Piggy-Baock Living), whereas the other
combines (wo medium pipes in one jacket pipe
{ Twin-Pipel. Piggy-Boack Laying has been
practiced for 7 years while Twin-Pipes are in
use for 15 vears, Both echnigues allow smaller
irenches and thiss lower the required efTorts for
civil-work.

In this report the technical specialiies of the fwo
technigues are described and possible savings
wre demonstrated.



3 Description of the Systems

Fig 01 Trempd givurainn far
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Iy ocleigboan to the belore stated litgratoe

[1 to 5] the common laying technology for
plastic jacker pipes is described in the consin-
tion regulations of the national DH-associa-
tiens, Mo instance |6, 10], The Piggy-Back
Laying and the Twin-Pipse system are yol
mentioned only occasionally and iheir imler-
matianal recopnition is not el on the same level
as Tor ihe stnndand laying lechpology.

Imahe fellowing the 1wo new lechnigues are
described in comparison to the horigontal
armangement of pipes, The Piggy-Back laying s
pessihie for all pipe dismeters. The technigue
vl hus been applied up o pipe-diamseters of
T 400, Twin-Fipes are only made for small
pipe diameters up o obout DN 150 {upper limit
[3h 20%0),

31 Piggy-Back Laying

Bancam Laying Technology:
Pipaiinas Side- by -Side

Ii one rranges (he supply and retum pipes on
top of ¢ach other the trench will become nanmos-
wer and deeper than with standind laving. The
reductions in trench volume depend on pipe
diameter. As i rule of thumbomay be wed, The
irench width reduces about 40-50% in comipari-
ao fo Lhe stanabard technique. Accordingly,

the masses for excavation and back-filling are
reduced by about 35%. These relations ane
shiown in Frgure 3-1.

T thee gose of smaller pipes the trench suppor
can wsaially be oanetied of the trench s lelh open
for & shor period of tme. The soll has 1o
reitain stable for e tieme of open rench (e.g.
ong dayl, such that the letier doesn't collapse
even under the vibruions of the passing traffic,
relier i chapier 5. By means of appropriale
construction sile organisation often Hmes the
irench brocing may be avosded completely,

Cuibck construction usually reésults in reduced
costs while the benefits are rather hard 1o
guantify. The more eificient utalization af the
applicd machines and materinls 15 evadent.

WVertcally armanged papes often reguime kess
chanpe of route for the orossing of existing
limes. A practical example 15 given m Figure
3.2 In the case of homzoanal arrangement of
pipes the electric coble would hove been moved
tir a ilifferent location, Through vercal
arrangement of pipes the shifing of the cable
coild be avided. Needless (o mention that
vertically srmanged pipes can be twisted sotha
afterwards they wre bomronial which may be
shvantageous in pnother given siiuation,
Surely, the oplimum case i3 if one is flexible io
change pipe amangement upon needs.

The question ol how pipes are lakd, whether the
return o the supply pipe is on 1of, can not be
mnawered in general, Depending on the parti-
cular situation it may be advamageous 1o put
ane or the wther on top.

I the pipe is prowarmed the sapply pipe shisuld
b put on fop since the top-pipe is casicr 0
reach than the beotiom dne,
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IT the pipes are colid installed economical
reasOning SEEpesls an arrangenwnl where the
supply pipe is the batiom one. The pipe then
has a hagher coverage which, in tam, e
fnction and reduces the necessary effons for
COMmpensalinn,

Up o now supply-pipes were generally pot on
top while obeying the experience that leakage
usually occurs w the supply pipe which can then
be repatred with less effort. In order to reduce
the efforts for compensation one inierconnects
baoth pipes - which becomes more and more
common prictice - and then both pipes are
exposed Lo ihe same expansions and limated
siresses {anchor bridges, nefer 1o [EA-report on
"Cold Installation of Rigid Desarior Heating
Pipes” (B L Because of this supply and relurmn
pipe might eventually show the same stntistical
occurrence of leakage.

A mlilinional resson (hat sugpesis (o put the
supply-pipe 10 the bollom arises from the Liter
aperation of the setwork. When the pipe s
unler CoMmpTeasive sinees il is bess prone 1o
busckling or instability the deeper i s tnsd inlo
the soil, Morcover, beat Tosses are reduced
when the warmer supply pipe is pul deeper Into
the ground. Gencrally, the decision wherne (o put
thee supply and where the retumn pipes has (e be
made during the planning phise carefully
balancing the before mentioned arpuments. Por
information om the special advaniages of Piggy-
Bock Laying ihe redder may refer o Tahle 3-5.

31 Twin-Pipe

The Twin-Pipe is a Scandimavian development
armuing 10 build cheaper networks in the small
diameter range (The manufaciurers ofler Twin-
Fipes up §0 & dismeiet of TN 200 in their
calalopues), The invention is elaimed o be of
Swedish origin since a patent hnd been filed
there on March 3 1977, Reports from Finland
miemion the first sysienrs of such Kind i the
yeur 1984, Tostay, the European market is

primanily served by fwo Finnish and v
Swedish manufacturers. In Finland Twin-Pipes
have already reached i remarkable market share
in the small range of diameners,

OF the prpes DN 200 1o DN 80 Twin-Prpes have
& share of 350 of all installed pipes {mone
detailed information on this mny be drawn from
Annea 11, page 4.) In Genmany, there is only a
sl nunsber of companics using twin pipes so
far, but their nusnber seems 10 be on the rise,

The pipe material to the most purt complics
with the specifications given in EN 253, how-
ever, the twin-pipe itself s not yet incheded in
thix norm, In Finland, the system is covered by
the Finish DH-associstion’s specifications
where the enmical dimensional tolerances are
defined. The products of the different mand-
{acturers do not show any remarkable differen-
ces. There are some differences in the spacing
hetween mediom pipes when comparing Finksh
with Swedish Twin-Pipes. The largest inequa-
linses exist in the way the two pipes are fixed o
each other. O the necessity and the shape of
the fistures one gets divergent answers firom he
manulictures. For the ransmission of forces
firs o dilferent shape anc welded between
supply- wnd retwrn pipe. This is done during
pipe produciion or on the construciion sibe.
Additionally, plastic spacers ane usexd 1o
guaranty the position-tolerances of the pipes. In
this poind constant changes were made duning

the paast,

From the perspective of pipe statics the fising
of medivm pipes via the PUR-foam shull be
sullficient. Simply with prefabricaled parts such
s bends, tees, service conneclinns eic. & sufli-
cieml metal fisture shall be always necessary,
For these, mainly two shapes of fixiure are
known %0 far, see . 3-3, 48 afe either o shom and
righl fin berween the pipes or a sheet mel tha
is welded onto the pipes from eher side.



e manufaciurers di nad redeiee these iixiunes
for seraigha i Tans, Oy ---|.--I_-., production
creiema pre rulmg thas decisjon. For papes Barger
than L3 WX [ixbares are used mnoodder o b
able to meet the required iolerances. For sinall
pipes allentimes plastic spacers are used wineh
don'i hnve any vmbic fonchion. Forihenmoie, il s
reported that in somie cases livinres weine
remaved on the construction saite afler welding

Ll 5 - EES Tokgtnedt

Meniles stphic relevance e Hinjures pne ol
comncem sinee they impose unwaniad hear

1 H
Prvdges herweem L sUpey Dl L pefurm pips

This effect wall be tremed o chapier 6

The mapor advantages of 1win-Fipes as
l'i'I'l"i-"l Lo comyetional lavame. besedies then

sccal vl comlts, e the semplilication of

islallation and the grealer (reedoni Tor pape

FyMIEETNE, .I..-\.l'll.llll't L [&} I||I"I'|' i :'

When compored to gingle pipes conccrming
cofpensalion the propemees of Twin-Fipes muy

I A fifEassil ah fiel B

In Fmland Twin-Pipes and single pipes are

il ayvs prehealed when the saraghl secion

exceeds wice the Incoon length, This emables

1o Loy the pipes wilhowl ¢xpansion casinons bl
requires io keep the irench open for o long

pemod ol 1ime

I ther oeeasions one unes Twin- Pipes (Berlin
becamse they may b colid-paslalled, i

Hecaise of cold-installation. eamn C R PANRi0n



cushisons were wseil {even though supply and 33 Specific Advantages of the Pigey-Back
return pape are ngndly connected by fistures), Layving and the Twin System

Fig. Ay Cinivorry powrin oo the Tiatm

LT o]
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While single pipes only allow for sioll angles
of misalignment of abowl 3°7 a1 pipe joints Sunce mny influences lwve b be acooumted for
Twin-Pipes offer more freedom (In Finland, 5°  when evaluating the laying technology., the
are allowed for a preheated system), Arbatrary properties of e different system have been
angles of misalignment can be Jdone in the listed in the fallowing table for ithe sake of
horzontal plane sathowt the need for special clorny, Ao, the mivantages of both sysiems
precautions. For Twin-Pipes no restrictions are compared
apply for diameters up to DN 125, even withow
preheating.
Fafly F-F° Nifaamiftpet off Ahy sy
faviwig tv hvaligine Feggy Back Lagng Emingx
v o wisharres o eocavabeo | Dckdl, WPt corin o » e wolares of sscewaion § okl shond coradneon
Birma, WTlmG CONEINICS0N A0S Bma,  mied COTEINCION Saoe
+  ltesnd (YRRER: + Wbl branch, wusl coverage of Branch wncd man pEs
+  Imakd-Coeil fmnch aigicatin + winil crims sachon of irench ang, conamuirTy, 1 in-

s fuad B Fove sadalng wdinzoond ies
+ mmad crowl secton of Wench and, conaeguenty, & e

clusned nisid K3 Mdred anpting unclesgeal bk + iy rmlsieton mog shakos el
& cleAps! [eps s Woeg cornperRatem # [hall B numbed of mulls
+ appkcabie for pipe sirss DN X0 +  fitrary srypen o Fekligement o wimignd pess ana

+  slrciand pans aooordeyy ja BN 253, magereni 5 sl o brerabde thermad emiilalion (see chapies |
LS P

w fugh degres ol famsbadiry for impaiing

+  Pagh degres of Mty 0 st Bround Buried
e e » Dol nsisiaion ponsbls wirouk meincioe

& ool ratellaton Dosslis wihoul Pevinstion +  mihgie-fay fonetsuction poslile i paoes g cokd-makaliod

v ety baabiaton pougen F pge sty cos-rrladed

The program of Twin-Pipes offiers a variety of
custoim pans. As an example some valves oo
shaovw i Fig. 5-3. In sddition 1o tha Fig. 3-4
illuistrates the switching joimts from Twin- o
single pipe sysiems.



4  Compensation

The thermal presiressing is an imporian mea-
sure of compensathon and, therefore, influences
the instllarson of pipes conssderably. Bearing
this in mind it should be checked whether pre-
hemtang shall be applicd for citer of the new
technbgues.

Pigpy-Bock Laying

Yertbcally instalbed pipes can be cach indepen-
demly designed acconrding 10 the recognized
regulations, . g. [7]. The botlom pipe his an

incrensed coverage and experiences higher fric-

tion forces. This reduces the reaming displace-
meents pi the open pipe ends.

In principal, Piggy-Back pipes can be laid with
or without prebeating. The remaining dis-
placements can be preferentially be handled by
cxpamsion cushivas, which have w be designed
acconhingly [T]. The ssues, which have fo b
abeyed when [aying withowt preheating. are
dlizcussed in gremer lengih in the epan on
“Coldd Instaltation of Rigid District Heating
Pipes™ [§].

Twin-Pipes

In Findanel, Twin-Pipes are alwaiys installed
with prebeating when the straight section is

longer than twice the friciion length. Prehested
lomes coun b inskallec) without mensures for

COmpensalion.

Preheating has 1o he considerad when calcu-
ltimg ihe overall construction-time and cos{s.

If one aims (o reduce consimiction time, e. g
single-day construction, it is pessible 1o backiill
Twin-Pipes night afier their installagion. 1n thas
case, they will be ‘cold installed’. The expan-
sbons resulting from cold installation can be
handled n approved Tashion by means of ex-
pansion cushions, especially when the displace-
e it me moderate due 1o the ngld connection
of supply and retam pipe by fixiures,

The fixtures between the pipes should introgfuce
the stresses into the pipe such that no increased
wall thickness is necessary,

In the carly S0 ihere was o development in
Funlanad apming 1o overcomes nad anly the abowve
described compensation but alss preheating.
Ome dicd preheat the supply pipe already during
imnufaciuring and welded it onto the cold
return pipe. Afier that, the pipes wene insericd
into the jacket aml the whole sei-up filled with
foam. Alihoagh the proflems of pipe
deformation seemed 1o be in acceptable lmits
niot just during production bt sall at the
constuction sitg, this type of pipe s nat
gnined o great market-share. 1 was just applied
occasionally where further details may be
learped from Annex I, page 7,




5  Construction

Fig 50 The barand of veriicslly
armmigesl LA -pupers

O

When comparing pipeling construction in
Monthern and in Central Europe, il beconses
ewvident, Uit in Nortlem countries pipe e
ches are bl with shoped walls even in stneel
areas whiile in Central Ewrope these are done
with vertecal walls. Just in grass-anens sloped
trenclies are used. Verticyl trench walls need
alimivsd abways suppart when kel open over a
bonger period of time.

The different wench shape must be taken into
considerntion espectally for the comparison of
civil costs. Vertical irenches may become
necesaary due o heavy raffie or limited space
nenl o the irenchies. But they may also be
justified by economic reasons when igh
spaecific cosl for cival work shill the cost
o fowards small volame of excavation
In Scanchinavia the costs for civil-work ane

lowser thun in Central Europe this making
sloped irenches more cost-cffective i majoity
iol canes,

Ini iy situation the costly bracing of the trench
should be avoided, IF the rench is Jess than
1,25 m deep {which is true for DN 150 pipes)
work can be carmied out withoul trench side
support condition 1o i fast completion of te
construction. Most ofien, one has 1o deal with
soil sulfsciendly stable 1o sy in place for 1 day
of longer. IDivis possible o insiall the pipe amd
backiill the wrench dursng this period trench-
bracing becoanes obsalete.

Single-day comtruction s possable ot only for
vertically insialled pipes (Piggy-Bock) but also
Tor Twin-Pipes,

Pigpy-Back Laying

Ad s poant the veriical laving of pipes is
depicted without reference (o additional
mcisines sich as compensation or backfilling
which most frequently wre carried oul
simuiltaneoisly. The sequence of constraction s
shown schematically in Figure 5-2.

Indtially the wench is excavaled @ Chto ihe
fine-grained sand layer @ the hotbam pipe i
ld 3, Then, the boitom pipe is backifilled &
The top §s instalbed & and the pipe uench fully
backfilled &

In‘order 1o pssure o Muend construction process
it is recommended 1o divide the site inlo several
sections. Even though e construction is one
section regquires civil and pipe companies o
itk in an aliermating feaboon i1 can sull be
accomplished o have machinery wnd perusnng]
working 1o full capacity by exchanging them
betwesn constructinm sectimns,

Il one is o assess the civil work for the case of
verticul amanged pipes versus the one for hon-
sontally Laid pipes then the increased difficul-
tiies of the deeper and narmower trench become
obvious, The difficulties arise from the fwo-
step work of pipe-laving (banom -> panly refill
== o). Fow pipe diumcters larger than DN 1340
two-step bricing of the trenich mis be
considered, aluo.

Mt of these difficulties are completely
overcume by hydraalic Backfilling which s



described in preater dietall i the TEA Repoit on

the "Reuse of Excavoled MMperml

I ihe case of small mpes with the ssumplion
of ppproprisde soil conditions no bracing s
reguired. S0l the overall SomsinicHon cosLs
reain comaderably hower for vemacally
arranged pipes when compared o horizonally
arranged ones even il the belore described
diificulies may lower ihese suvings

Twan-po
| 'wim ]‘||'-\:~. are Lad sech thal the -uppl:r pips

Ligs underneéath the feturm pape. Therehy, the
pipe-heal lisses are redoced. An exampie of

i .|h-|.'||1|1|:| with -.|J.|:|1.|;|.‘|.'. like it is coem
I'|Ir.'l||_1. used im Finland, Sweden, ansd The
:"-.:l_"||||_ ||.||'|||-\. 1% RO R | LTS N

Drauring the process of pipe-welding m the
surroamdeng of the constroction sige ihe welder
hiis o pay atlention 1o the tolerances of the
supply anid resurn prpe a the same time, This

dilficuly i generally ranked (o imponanl when

paseascd by outsiders. Aler a time fioa
gecustoaning the welders' performance o Twin
Pipes s the game as for single pipes, Fig 5-3
|||lJl-\.|||j|_|."| A gonstruction sife for i |IL|'|..'-. il
left somse valves, on log the '.1.|'I|:||.n|:-|1r-.h'r-.-

Upon requiremiend il i imporiant fooweld five
fures anlo Twin-Fipes of the construciinn site.
. g of the locabion of Cushomer seryios Frrae-

ches These may be done aocording Lo ine

cunmiples ol the bothom of Figure 5-3




6  Heat Losses
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Usually, the heat losses of the plpe network
make for o cértiin part of the operating costs, In
the cose of Twin-Pipes the fixtires represent a
certain heai-bridge by means of which the
temperatiure of the supply and return pipe Is
somewhal equaliced. This effect lowers the
temperatire difference between the pipes and,
bri b, infleences the tmansport-capacity [or
bt el the amouni of cycling water.

fl Thermal Insulation in the Grownd
For coopomic reusons district heateng pipes in-
stalled i Central Europe comply swith ssula-

given by Table -1, which gives the annual
avernge heal loss caleulaled with annual
avernge operation and ambient temperatures
(see also Annex 10,

Il one were io evaluate the mlvantages in heat
loss of the Twin-Pipes one gets dilferent state-
menls dépending on wheither the comparison
wis done agninst class | of class 3 insulated
singhe-pipes. For the case of Piggy-Back Laid
pipes il is assumed that ihe heat 1oss is ithe same
ihan with horizonally [aid pipes, ol aking
inte sccousl that the deeper position of the
suprly line reselts in redaced heal losses.
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tion class | In Northen Ewrope the insulation
in thigker, msalation claas 3 always applics in
Fanland. The heat losses of insulation-class 3
insulnted pipes are on the order of 2010 3095

tiabe fodlowing, the siangs due 1o 1he redocod
lwead losses ave calowulaied. The numbers of the
heemt losses are well known Tor iypical operating
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Ex | heed cotl savings

B

lovver thon those of class | isilared ones,
while the Jower vislue bolds for smaller pipes.

Twin pipes are deliverad in one insulition class
only. With respect to head loss (s insulation

class s even bener than msulition class 3, o be
specific, hieat lossed are another 7 1o 20% lower
where agnin the lower value applics for smuller
pipes. An overview over insulalion paopenies is

prozan] wodt of saved hast coxb {5%; 2% o)

comdiions, so that one 15 able 1o evalwate the
differences berween the types of pipe. The s
per meier pipe length may be wedghied by the
price of heal from which the yearly savings
folbsw, These can be convenad inlo present
villue hased on an interest (5% ) and the antici-
patesd Bife-timse (25 years). This present value
b wenins o USEWm onel may be dinectly related
i eher consimclng ol
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Soch a caloulsiion was done iy Table 6-2 while
insulation class | wan taken as the reference.
An analegous caloulsion with reference 1o
msulazion class 3 is provaded in Anpex 117 A2
However, ihis caleulation wis hased on

a higher heat price (heavy fuel-oil benler),

6.2 Heat Bridges in the Twin-Pipe

For the Twan-Pipe it has 1o be estimated what
influence the undesirnble heat bridpes between
supply- ungd rern pipe have, The heat s
tromaderred via the lixtures by conduction. The
wsual fixtre-designs have alvesdy been illas-
trated v Figure 3-3, For the design shown in

nal data. 1t is pnticipated that the bridges of
bype | are conskberably less efficient (heat
comduction higher by fuctor 3 1o 6), see Tahle
fi-d,

The resull comes out as follows: [T the brdges
are of tvpe 2 iheir influence on emperature (s
small especially if they are only applied at
benads, tees ete. I thede bridges are of bype |
their effect may ned as epsily be neglecied. A
temperaiure equilibration of | up o 2 K seems
10 be a realistic estimate, if the bridges are also
huslt tnlos the straight pipe sections, refer o the
v of Fig. 3-3,
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the kvwer drawing {1ype 2) the cxact
dimensicons are known so that the cransferred
heat foad ©) can be caloulated, see Table 6-3

The conducted heat flow 0 is calculated by the
following equation;

AT
with
b heal conduciivily
A croe wectann of fin
AT drving emperalue difference
b fength of fin

Determining the influence of the heat bridges
i thie everall ecommng: AL firsk, it will be
derived how many beidges (o) it takes o lower

Such a temperatune equlibration reduces ihe
heat transpont capacity of the network by 2,5 1o
5% and, a5 a consequence, rakses the electricity
demand Tor water cireulation, {The required
electnic power for the circulation-pumps rises
with the third power of the Mlow svelogiiy),

Mue:

Estitnsion ol the conduction of type 2 fins is
hused on the assumption thal both types have
ejual criss sections el type 2 fins are
comsiderably smaller by lengih. Meanwhile, a
meanufucturer has provided smaller cross
sections for ivpe 2 than were taken for the
calculathon, Due 10 vardations between
g turers and production dates the
planning engincer has 1o investigate
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ihe wemperaiure of the supply waier by | B
Here, i is aniickpated that the iemperatire
difllference between the lines is 40 K. This
witihd exqual 5% equilibration of the imposed
temperature difference when using in the
relurning water also, For fisture-type 2 the
aumber {a) can be caleulated, For bvpse | i can
only be estimaied doe o ihe missing dimengio-

individduwally il he needs io ackle the felation
precisely,




B3 Cost Estimale

Froum the estimate of the previous sections il
hecomes obvious which high degree of inherent
uncertainty ihese cost-caleulations over the life-
span of a districl beating gnd possesses, They
are govermed by [actors thad are hand 0 foresee
mainly by the inlercst on invested capital, the
Ieeai price snd the expecied [ife-time.

= with respect bo beat loss vertically nsealled
pipses are equal 1o harirontally kasd pipes.

®  referring to heal bss Twin-Pipes ane
favorable over single-pipes.

In Tahbe 6-1 a cost benelit of the Twin-Fipe per
meter ripe rosite was calealited which has (o be
seen under the resnictions of chapter 7, Letting
caution prevail upon these calculations it is
recommended nol 10 take more than 506 of the
culeulpied oot benefits bl account when
daing actual cost comparisons. This procedure
resulis in cost benefits of the Twin sysiem
compared o the mhers of aboun 1 o 3% relaed

Lo overall costs, for further detaals see chapler 7.

In the end i is the responsibility of the planning
engineer 1o decide 1o whal extent 10 reward
credit 1o the Twan-syslem for the prospecied
heal savings,
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7 Construction Costs
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A comparison of the construction costs for a
diserict heating line may largely depend on the
boundary conditions under which the caleula-
tiom wis dione. Therefore, the conditions have
been thoroughly chisen and il has been wilised
only o sengle scheme of caleulation one lor
Finland and one for Germuany, which hos been
proved valuakle i simalar companisons,

The companson amed to clanfy the cost siua-
tions of

Side-by-Side
Piggy-Back
Twin

- he pipe amangeinent;

wverticn] walls

sloped walls
islope rano 1:5)

hagh -
exp. Germany
liovww -
exp.  Finland

ithe 1ype of rench:

= the level of civil coss:

The outcome of this calculation is provided in
the following two sections. In section 7.1 the
mrrangerment of pipes and e wench type with
reipect e German price level are dealt with; in
section 7.2 only the arrangemem of pipes in the
sloped trench is focuscd on whike the Finish
civil comas are being apphicd.

7.1 Comparison with Elevated Prices for
Civil Work - Example Germany

The eosi cabeulaiions were cormed out e 3
pipe rote of 100 m length for ench of the pipe

Ly cona |
L]
i L LR
—_—
Pigga Bamb
- i
—
T wtegip e Lol
'__! == e ——
e
] L] g
Mot Satele I

g

(3] of W
diameeiers [ A0, DX R0 amd DN 100, The
irench wide support was o simple bracing of the

apper section of ihe trench. The thickness of
the asphalt lnyer was assumed to be 20 cm of
which 16 oo were bituminous sublayer and 4
om were wear layer. Mo exira costs were
conshdered for prestressing of the pipes (Side-
by-Side, Piggy-Back, Twinj. IT the pipes were
io be presiressed costs would rise for every type
of systeim by equal amousts,

The calculation was done by 1aking prices from
the annual stamdarcd price catabogise for the
aeagior cost iems. These prices reMect many
yeurs of experience and have been based on
proests for which a standand bidding procedure
had been used. However, pnce differences
ocour even throughout Germany and thesefone
alata are characterized by some margin of
uncertainty, The general pattern of such a
endeulntion is supplied in Annex 1,

The resulls of this cilculation we showsn m
Figure 7-1.

The diagram outhnes the ¢osts For the three
pliernative pipe arrangements inside 4 wench
with vertical walls and simple brocing.

The Germin cost comparisan relates promanly
1o Uve pure construction costs sipee these sre
prediciable with a low margin of uncenainty,
The costs are represicnicd by the major lines in
Figure T-1. In addition, the Twin-Pipe has o
receive credit for the lower losses with thedr
amoant recommended in section 6.3, The line
fior the resulting costs is printed o Litile Tiner i
Figure 7-1.

If e evaluaies the pure construcion coss
restilis show that the Piggy-Back Lavimg amd the
Twin-System have considerable coonomic
dvaniages when compared with horizoenally
arringed pipes, The Piggy-Back Baying alomiosd
cyuils the Twin-System i coss whale o slight
advaniage may be encowntered for larger pipe
diameters,

The sloped trench is moee expetsive in
Germany because it reqiires enlarged mussés 1o
be excavaled, backfitled and ressored. The
sliaped trench favenites the Twan-Pipe over the
Piggy-Back Inying for ithe reasom of o shallower
treneh. Hoswever, m Oermany B s poimtless o
Ly the pipes inssde 2 sleped trench in an inner
clty-area.

13
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T2 Compurison with Low Prices for

Civil Work - Example Finland

An analogous calculation of the construction
costs of the 3 alternntive systems was worked
out wnd based on the Finish price nelatisns.
Chnly sloped trenches were considered and &
dilferent model network wis assumed. The

Iz |
;: 3
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complele calculation 15 atiached in Annex 1
The caleulations were made for situations in the
city-sreet arca and in unipaved temmain, The
resulis for the ciy-streel arca e shown in

Tgiire 7-2,

- Py
[ Fae

Figure 7-2 15 of the same logic as Figure 7-1
The upper curve is valid for horizontally ar-
ranged pipes. The Piggy-Back laying shows o
soall advandage. A inojor cost reduction ks
schieved according fo the bower curves for the
Tuan-Pipe. OF these, the dark line reflects the
pure costs and the tan line the cous for
reduced heat losses, For the caléulathon Based
on Finish cost-relations the credit for reduced
heal losses has o major influence on the overall
Cimis

Nuie:

The large dilferences in civil costs between the
countnies Finland and Germany lead io the
well-known differences in overall construction
cosis. Eg. ihe civill cosis of a DN 106 pipe
amoxint 10 5EE LISS8/m in Germiuany as opposcd
to only 183 US$/m in Finland. Fig. 7-3
provides these cost-relations in greater detail

7.3 Asnessinenl

The comparisen impeessively suppons the eoat
acdvantage of Piggy-Back and Twin-Pipe sy-
stemma over homsamaally laid pipes. The
comshbered new iechnkgues are beneficinl as
compared 1o the howrizontal laying in the
shallow trench throughout the entire range of
shameters that have beon investignted, While
often mmes i i difficull i achicve saving of
even 3% with purcly technical impeovemenis,
here, a potential for savings of 10w 200 hus
opencd up 1o nominal diameter of DN 200 -
andd even larger for the case of Piggy-Back
laying.

As 18 suppocied by the cost diagrams savings
vary with respect 1o diameter. To enhance the
okl -Companan, al tis poind, referemce
nustibers wre formed thit reflect the
comsruction cost of a mix of 3 pipe diameters,

i the length-shares

265 mi DN 50
145 m DN O
L0 i DN 10D
Towal  S10m
First, these reference numbers are evalumed for
Cerman cost conditions, 1l one judges the resuli
as & whobe starting ofT from the reference case
ol Side-by-Sidhe laying { 100°% ) the Piggy-
Bock and Twin-Systems come oul with sovings
of abamin 15%. sce Figure 7-3.

The Figgy-Back laying technigue seems o be a
little better than the Twin-System: The lefy bar
accounis for o sloped iench. 11 is proved tha
under German cost conditions and with paved
sireet surfaces the sloping of a wench i not
useful.

(Explanation: For the two right columns the
cost-shares for inssllation and mmerial are
taken from two differend price calalogues, in
whch the cowl nems mainly Tor rmnsponsiion
are divided differently. |
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In Finland the Twin-Pipe offers an equally greal

wost benelit as in Germany. The Piggy-

Back Laying only offers a small benefit of 8%,

5 may be seen in Fig, 74, But for pipe

diamectens barger than DN 200 Piggy-Boack

laying is the only viable aliermative,

e

Becnuse i congpared Pipse-Systcins dafler with
respect b heal loss the Twin-Fipe wis credited
ihie savings which anse from the reduced heat
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Figure 7-5 provides the cost comparison of the
two mew laying technalogies for the inmallmion
in ihe street arca accrediting the differeni
insulatiodn properires. For the example of
Germany 3 high level of civil-wark prices
applics anc the trencls §s bualy watls vertical
wills. The example Finland meank low civil-
work prices and sloped trench walls.

B84 USEm

losses in the following Figure. These savings
are eviluned on growsds of the pancular
couniry-specific coloulstion, refor io chapter 6.
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Summe Absohnit 2000 10.423,26 10.423 28
Az001
Ga00 Zusatz-Gewerk Auftellang aul  Aufrag 1, NI Auifrag 2 M. Aufirag A, Ne.
THOO. 100 Malerial
2001 OHD  Materal oM SEA0m g 100 SIS0 1,00 D SXE300 X300
TE20.200 Lohne und Gehilter
OO0 Eigers Lihne ursd Gahibe m] ] 1,000 1,000 1,00 1m (o ]
ToO0.30 Fahrreisge und Garbie
EOXCO0N0  Eigerst Fafrznuge unhd Gerilie Dkt 1.000 1.0 100 100 Qo
TE00. 400 Bautsluny
PN A0 000 Pleung und Baiusifseht DM 1,00 1000 1,003 13 xfu's]
5. 253,00
AZ0E - Zusammentassung
] Zusalz-Gewerk §.253,00
Summe Abschndt 2003 5.253.00 £.252,00
B2 UBEREINANDER VERBAW DN 50 - Zussmmenlassiung
A200% B1.803.23
A2.003 10,423,585
2002 6.251.00
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Kalkulation

Projakt: OrBeschreibung; |EA-Preisvergleich Projekt-mr.: 3307182
M engan Hontieriang 1 Karfienung 2 plertimung 3
Fosticn Beesichnung der Latung Enhef  Dim Oim2  Dim3 GuMarge Einzapeols Zuschf Abechi™ W1 Bemg %I Bemg %3 Bang Sas2eng
Summe Berpich I B7.569.49

o 67,565,439
B3 TVN VERBAL DN 50
A0
Gioz Gewerk: Tielbauartieften Ausslung auf  Auftag i, Nr: Auftmg 2 W Aufirag 3, NP
T o Aulbruch- u Operbodenarbelten
VIDROM 00 Aufbrech v, cEum, Verkehrfilkcn
IO2OH MO 0- 20em St Grabanbanseh M3 mom 050 falke s o] 10,000 7210 10 ETN M SR
(020 2108 0- 20 om Randsirellenbaich M3 AD0O00 o0 oo B O3 TEY B4 xRN = 2 480 B4
VIDZO0M 060 Vieepiturg der Deponisgenifren
10200 0602 Verunrsinigter Ashut T TEN {00 1500 =20 8820 10 45t3Bs Al
2000500  Heton oder SiralensufSnuch T 16500 1000 2.0 a5 20 1500 p Lo S el oEeal
TIGL 002 Erdaushub fir Leltungegriben
ToEOeR 010l Acshub Masch. T 1.25m, Wasse 3-4  HE3 <5500 1000 1.000 3500 BEE 100 300108 3=m.08
TIOLMS Verbalarteiten
1020050007 Saumbakien M 130,000 1,000 1,000 [53T0 0] 55D o0 5880,00 = 5000
Ti02.008 Trangpart van Aushul
1020060001 Auahub suflaten, atfahmen 1<) 510 1,00 1m0 D50 s 0 248 2188 48
Ti02.007 Liefern Buttillimaterial
1020070002 Sand bis 4 mm 13 243650 1,000 1,00 da2e0 B 70 100 1ESA 125041

Tiooe Wiederhersialtung Oberflichen
VIEROE000 U bei, Panum Kr Fidchen = 10 m2

1020100004  Hemt Feirglisuma M2 BOLO0S 1,00 1,000 B3000 745 Wo ST Srano
VIC2ZOIO00  Blumindse Fahtehncecken

1020100101 Lisd, Einbau. by Trageshi W3 0.0 1,000 0,180 12600 TS0 100 EeTEltE 870115

WZOIOOIEE  Lied Enbau. Tokbladad M 200,000 1,00 1,000 0000 1=y 100 %000 292000

1RCHOMOE  Asphatbetion 08 mm sinbacen M3 a8 i ] 1,200 0,00 320 10055 100 348516 B A L

JO2000H0E  BEu Deche 4 em T schreiten ] 200,000 1,000 1,00 200000 mes 100 813000 4130500

5373472

AL - ZsammeniaEsung

Gz Gewerk: Thefhauarbeltien 52,734,712
Summe Abschais 3001 52.734,72 £§2.734,72

A3, 003

G110 Robd bauarbelien, Bereich Farna. Aufeiung sul:  Aufirag 1, Nr Auftrag 2 MNr. Aultfag 3 e,
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Projekt-Nr.. 3301182

Kalkulation

Projekt: Ort/Beschrelbung: IEA-Preisverglelch
M s n g e Kertlarung 1 Hanharung 2 Eertisrung 3
Featan Bagmchrung der Lantung Emha? Dimt Dim2 Dim3 GesMargs Dinrabrals JuschP Absch® &1 Deirsy W2 Baeirag %3  Beirag Geibetrag
T130.100
D000 Tumiizichs Mehwisbamipots PE 1000 1,000 1,000 8450 1] 18450 18450
13003 Abladen Fohr Feftgtsl DN 100 L 300 o0 0,00
10 MNOE0E MR verl geachal. Grs, DN 00 M 81,00 Lo v 0,00
T1230.400 SchiwelBen und Sehneldan
120400008 Rohchniie Gefang DM 50 a7 200 1,000 2000 2258 100D 100 Tar AT
130 A3CC0E KSR Abmartekung DN 100 BT e e e 1,000 1000 4280 1000 100 a7, 19 &7.18
130a0on  Rundachwllurg Sagmaent DN 50 -7 18,000 oo 1000 52180 1000 00 1048 1041 48
1. 34 2
A3 002 = Tusammenfaeeung
G Rohrbauarbalten, Beraich Fermar, 1.344.34
Summae Abschnit 3002 1.344,34 1.344.34
A3.000
Ea00 Zusalr-Gewerlk Aifbeiiing aut,  Aulmg 1, Ne. Aifirag 2 Mr: Ayfrag 3, Mr.
TRog, 150 Poliberial
03100000 Adaterisl oM 1378 a0 i i) 3. S00) 100 100 1378400 1.3 L OO
TEOO. 200 Litine und Gehiler
02000010  Eigans Léhns und Gehiliar ul ] oD 1.00 100 aed
Tob0.300 Fatrzewge und Gerbte
EOAO0NI0 e Fahrzeoge und Gerdts oM 1,000 100 1o 000
TGh 400 EsuleBung
BOGE000ND  Plarung und Beuaulschl Do 1 109 190 .00
12.784,00
A10rm = Dueamem en lassung
Gboo Lusair-Oewerk 13.764,00
Summe Absehalt 3000 13.7T64,00 13.764,00
B3 TWIN VERBAU DN &0 - Zusammmiassung
B1.001 BLTIL T
AD.0%2 14434
LR ] 13. 764,00
Bwmyme Bargich 3 67.843.08
67.843.06
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1 GENERAL

Total costs of constructing the district beating network consist ol excava-
tion, installation, material and filling cost. Most of these costs depend on
the time used. Therefore cutting the tolal time used in construction and in-
stallation iz an effective way (o decrease the total costs.

The average costs of district heating network construction in Finland m year
1996 arc shown cumulatively in Figure 1. Total costs are divided into mate-
rinl costs, excavation costs, pipe work costs and filling laver costs.

1 [

Figure 1. Cumulative average district heating netwaork construction
costs in Finland in 1996 by pipe diameter. Single pipes, grass area.

1.1 Twin-pipe element

Twin-pipes are munufactured according 0 the same standards as single
pipes with very few additionnl specifications, especially on the tolerances of
the pipe ends. Twin-pipes are installed in the No Comp technique while
they are preheated. Expansion bends and expansion pads are not needed.

In the twin-pipe element, the two steel pipes are located inside the same
casing pipe. In manufbctunng there are different proctises among manufac-
tures. Some use welded steel plates ag distance holders. Some manufactur-
ers use welded steel plates only in straight pipe element pipelines DN 100
and larger but in smaller sizes they use similar plastic spacer construction
{modified for twin pipe) as for single pipes. The thickness of the plates
vanes also between manufacturers., AL fillings ns bends, T-branches and
valve-clements steel pipes are always fixed together, 1t would be sufficient
when pipes are bonded anly by the PUR-foam.
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1.2 Construction cosis

1.3  Planning

Especially in small pipe diameter range about 50 % of total cost are con-
struction costs. In larger diameter range, the percentage of matérial costs in-
creases, although construction still covers 30-40% of ol costs, Twin pipe
clements require less voluminous excavation than single pipe systems.
Therefore, savings can be achieved by reducing the soil masses handled in
construction,

When the larger diameter pipes (> DN 125) are used, the percentage of ma-
terinl costs increases: the larger the dinmeter of the pipe, the smaller is the
percentage of the construction costs. Fimally, the real conditions, as the
quality of the soil, extent of the contract and purchase pnces determime the
actual final costs.

In preliminary planning the routing, trench type and accessory equipment
are determined along with dimensioning the network. Routing has a signifi-
cant effect on total costs: the shorter the pipe length, the lower the costs,

Especially in small pipe diameter range, the expenses can be cut by using
the twin pipe elements.

The use of longer pipes reduces the number of the joinis and weld runs.
When the pipe length is 16 m instead of 12 m, the number of joinls de-
creases 25%.

Currently it is possible to determine the heat demand of the consumers quite
accurately, So the network can be designed economically, for example al-
lowing the pressure losses increase in the non-critical parts of the network
Unfortunately this is possible only in traditional small networks, where
pumping site is locked, In larger networks pumping and the critical point
are not constant, which makes the optimisation more complicated.
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2 USE OF TWIN PIPE ELEMENT

21

2.2

Present situation

In last few years the use of twin pipe system has increased year by year.
The share (trench length) of twin pipe element deliveries of all (including
export) pipe deliveries in 1996 for two pipe suppliers in Finland, KWH
Tech Lid. and ABB Ecopipe Lid. were as follows:

K'WH Tech Litd. ABB Ecopipe Lid.
[ 20 07 Ya 70 %
DM 25 58 % 55%
DN 32 65 % 46 %
DM 40 431 % 62 %
DM 50 37 % T4 %
DN 65 35 %% 48 %
N 80 25% 43 %
DN 100 13% 20 %
DN 125 25 % 37 %
DM 150 9 % 10 %
DN 200 18 %% g%

During the first half of year 1998 the share of twin pipes has been inereas-
ing significantly proving the economy of using twin pipes in Finland.

Construciion cosis

When the single pipes are installed in the trench honzontally, the bronches
have to cross the main line above it, as shown in Figure 2. The standard
burial depth of the main ling in Finland iz 600 mm (h in Figure 2), The sc-
tual burial depth is then determined by the branches (b in Figure 2). Thus,
the burial depth of the branch varies along the branch pipe diameter. The
vertical distonce between the main line and the bronch s 35 mm.,

In the twin pipe system the mainline pipe determines the burial depth. The
branches connect (o the muinline lnterally. Therefore the burial depth is
smaller, 450 mm.

When comporing the construction costs of twin pipe elements to single
pipes, the total costs of twin pipes in small diameter ange are 30-35%
smaller in uncovered (grass) aréas and coated (asphalt) areas than single
pipe costs. In larger size range 10-20% savings are achieved. The twin pipe
elements are installed in trench using the minimum protection distance
(100 mm). In that case the pipes are connected before installing into the
trench. The volume of theoretical trenches is caleulated in Annex 1.
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2.3 Thermal loss

a= J 50 s B | D ey

b = BN i o= 4350 mim

Figure 2. Branches of two single pipes and a twin pipe element. ’
b= burial depib of ihe maln lne

h" = burial depih of branches

a = profection disinnce

There is more insulation material in twin pipes because of larger volume of
the element. On the other hand, the surface area of two single pipe elements
15 larger than surfice of twin pipe element. Therefore the twin pipe system's
thermal losses ore much smaller than in single pipe system. Using the twin
pipe system reduces hent loss 10-20% in small diameter range and nearly
30% in lorge diameter mnge, The value of heat loss is caleulated by 5% mile
of interest, 25 years repayment period and 21.8 USD/MWh heat price
(heavy [uel oil as peak load): the discounted savings will be about
22 USDYm. For more details, see Annex 2.

For single pipes the heéat losses are caleulated by using installation class 3,
which recommended by Finnish DH-association. The insulation thicknesses
are o follows:

Thickness
DN 20 46 mm
DN 25 43 mm
DN 32 46 mm
e ) 43 mm
DN 50 47 mm
D 65 49 mim
P B0 52 mm
DN 100 64 mm
DN 125 th mm

DN 150 &8 mm
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If the heat loss comparison 15 done by using the insulation thickness in
Middle Europe, the saving by using twin pipes would be even greater,

2.4  Material costs

Savings m material costs achieved by using twin pipes result from savings
in element costs and smaller amount of components and joints. The Z-bends
are not normally used in the branches and so the length of the branches be-
comes shorler. Also fewer joints and bends are needed

25 Civil Engineering Costs

When twin pipes are used, the depth and wadih of the trench are smaller
than for single pipe trench. When comparing the masses handled in single
pipe trench with protecting loyer of 150 mm to twin pipe trench with pro-
tecting layer 150 mm, savings in costs are achieved up to pipe size DN150,
when burial depth is 400 mm. When bunal depth i3 500 mm, savings n
costs are achieved up to pipe size DN 125 With a protection layer of 100
mm for twin pipe, savings are achieved in all pipe sizes (up to DN 200) and
up to pipe sizes DN 150, respectively. These figures and the same compari-
son for protection layer of 100 mm for single pipe system are presented in
the Table |. Estimations are caleulited with theoretical trench.

Table 1. Savings in excavation costs achicved up to pipe size X when
using twin pipes instead of horizontal single pipes.

Single pipes
horizontally Twin pipes

a= 100 p =150

h=400 h = 500 h =400 h =500

h=600 | a=100 DN 150 [N 125 M 125 [N 100

h=600 | a=150 AN 200 DN 150 DN 150 DN 125

Further, when the pipe size is smaller than DN 200, less casing is needed
when using the twin pipe elements. In practice, the depth of the trench de-
pends on the actual site and branching of the network. The comparison cal-

culations of the burial depth and protection distonce are presented in
Anncx 1.

2.6 Maintenance

It is likely that the maintenance costs are smaller when using twin pipe ele-
ments. That is becanse there is no substantial thermal expansion in the ele-
ment during normal operation. The pipes are located in the same casing and
tied together with polyurcthane. This prevents the opposite movements of
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the pipes. Therefore the stress on the joints, tapping and bends is much
smaller than in single pipe system. This also allows the use of thinner pro-
tection layer, 100 mm for twin pipe clement.

The fncts before indicate thot it 15 feasmble o increase the use of twin pipe
systems in the pipe dinmeter mnge up to DN 150-200. The thermal loss and
muintennnce costs should be taken into consideration, when selecting the
element type. In bigger sizes the larger diameter of the twin pipe element
sets certain limitmtions especially in the arcas whit large number of crossing
SErVICes.

3  DIFFERENT TECHNIQUES

31 Prestressing pipes during pipe-production

The general practice of installing DH-pipelines is 10 use a friction fixed
piping method. In this method the thermal expansion of the pipe elements is
prevenied by soil friction. Because of the temperature changes the stresses
in the pipes increase. Prestressing by preheating before back-filling is re-
quired to aveid overcompression during operation. This lengthens the in-
stallation time needed and thereby the construction costs increase.

In twin pipe systems the pre-stressing can be done in a following procedure,
The pipes are prestressed by keeping them in different temperatures during
bonding them with PUR-foam in the element production. After the tem-
perature difference equalises, there is tensile stress in the supply pipe and
compression stress in the return pipe. The prestressing is secured with tem-
porary anchors, which are cut out after installation (before the casing joint
will be done) of the pipeline, The temperatures during operation balance
these pre-stresses and so there is no need for preheating during installation.

311 Demonstration project of prestressed pipes

Kuusankosken Alvelimmitys Ltd carried out the demonstration project
during the heating season 1993/1994 in Finland. The transmission line
length of S000 trench meters was constructed by using the new [actory-
prestressed DH-twin pipe elements in sizes of DN 150 and DN 200, The in-
stallation costs totalled only 220 USDVm.

The applicability study of the method was carried out by the Techmcal Re-
search Cenire of Finland. The behaviour of the stresses from pipe [actory 1o
maximum operating conditions was monitored by using strain gauges fixed
in the steel pipes before factory prestressing and foaming. The monitoring
points in the pipeline were selected 1o cover friction fixed sections and sec-
tions near the bends. Installation climate from warm summer to late cold
avtwmn were covered during the demonstration.
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The readings provided by the strain gauges showed the following. Al an in-
stallation temperature of 0°C the stresses were below the lower yield point
At an installation temperature of 15°C or higher the monitored stresses were
below lower yield limit with the safety factor of 1.3, The pipe line worked
well without any problems during the first heating seasons. To eover all op-
eration conditions monitoring continued through the full heating season.

The advantage of in-factory-prestressed DH-pipe-elements is that no pre-
heating is needed. In that case filling the trench can be started immedintely
after welding and jointing the pipes in various sections in any order. This
reduces significantly the time that the trenches have to be opened during in-
stallation. This is a very remarkable benefit especially in city arcas, where
open trenches disturb the traffic and public.

32  Vertically installed single pipes

In Germany to some extent preinsulated pipes are installed vertically one on
ancther. This installation method was developed within the last years and in
meanwhile incorporated info German design rules for district heating lines
[AGFW FW401). In the concept branch connections are installed laterally
on the maunline, see Figure 3.

I the lower pipeline is chosen to be the retum pipe, it can be covered before
installing the supply pipe. The supply pipe requires pre-heating, which is
done before covering of the whole trench. According to German calculs-
tions, this method saves the expenses about 20-30%, The technigue 15 more
useful mainly on the areas without many crossing services. This because the

pipelines are welded on the top of trench as long preliminary treated sec-
tons.

s e
AR,

P
e

pro g T }'_11"h'.lr'

Figure 3. Vertically installed single pipes. In ealculations h = 450 mm,
a= 100 mm.
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4 COST COMPARISON

The average total costs of honzentally installed smgle pipes, vertically in-
stalled single pipes and twin pipes are presented in Table 2. More detoiled
information about savings when uzing alternative methods is shown in An-
nex 3.

The cost comparison is done by designing a model network by all three pipe
techniques. The model network is presented in Annex 4,

The design eriteria for the model network were as follows:
A. Mechameal

— design temperature of 120°C and pressure 16 bar

= 12 m pipe length

= welding is done outside the trench

— preinsulated branches are used, and twin pipe without Z-bends, single
pipes with the z-bends

= no expansion pads are used

~ preheatmg with water as extension of existing system

~ leak detection system is included as extensions ol the existing system

B, Civil

~ thickness of asphalt is 80 mm with 300 mm crushed compacied stone
— initinl back filling with (0 - § mm sand {100 mm above the casing)

— asphalt is cut back 1.5% the trench width

~ prass is cul back 3.0 = the trench width

— top soil thickness on crass 100 mm

~ transporiation of 8-9 km included

~ diteh is done by using slope 1:5 (see Figures 2 and 3)

= no wall supports used

— sand bed thickness 100 mm
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Table 2. Average total district heating network costs in green areas
(USINm) for dilferent pipes by pipe size (comparison is done in Finnish

cost level), (see Annex 3)

Single pipes | Single pipes | Twin pipes
horizontally |  vertically
installed imsialled

DN 20 a4 59 66
DN 25 i a1 65
(DN 32 98 93 60
DM 40 1032 1) fad
M 50 114 107 T6
DN 65 129 122 | 10
DN 80 151 143 103
DN 100 167 160 123
DN 125 207 201 173
DN 150 245 241 204
DN 200 00 306 276
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o amount of excavation o in =

Protective layer 100 mm

Horisontally installed single pipe. coverage layer of 500 mm on main lines and 400 mm on branches

O D Cross sec, Trenches [mm) Excavation Back-fillng Ground
of element h a e surface
mm m3fm see Figure 2 m3fm m3fm m2im
DN 25 20 0,01 600 100 480 0,50 0,49 0,80
DN 40 110 0.0z G600 100 520 0,55 0,53 0,84
DN 50 125 0,02 600 100 550 0,59 0.57 0,88
DN 65 140 0,03 600 100 580 0,63 0,60 0.92
DN 80 160 0,04 600 100 620 0,68 0.64 0.96
DN 100 200 0,06 600 100 700 0,79 0,73 1,06
DN 125 225 0,08 600 100 750 0,86 0,79 1,12
DN 150 250 0,10 600 100 800 0.94 0,84 1,18
DN 200 315 0,16 600 100 830 1.15 0.98 1,34

Vertically instalied single pipe: coverage layer of 450 mm on main lines and branches

DN D Cross sec. Trenches [mm) Excavaticn Back-filing Ground
of element h a (=] surface
mim m3m see Figure 3 m3im m3m m2im
DN 25 80 0,01 450 100 290 0,38 0,35 0,62
DN 40 110 0,02 450 100 310 0.42 0,38 0,66
DN 50 125 0,02 450 100 325 0.45 041 0.69
DN 65 140 0,03 450 100 340 0,49 0,43 0.7
DM 80 160 0,04 450 100 360 0,54 0,46 0.75
DN 100 200 0.06 450 100 400 0,64 0,51 0.82
DN 125 225 0,08 450 100 425 0.71 0.55 0,87
DN 150 250 0,10 450 100 450 0,78 0,59 0,91
DN 200 315 0.16 450 100 515 0.99 0,68 1,03

Twin pipe: coverage layer of 450 mm on main lines and branches

DN D Cross sec. Trenches [mm] Excavation Back-filing Ground
of elerment h a a surface
m3/m see Figure 2 m3/m m3/m ma/m
ON 25 125 0.01 450 100 325 0. 0,30 0,60
DN 40 160 0,02 450 100 360 0,36 0,34 0,64
DN 50 200 0,03 450 100 400 0,41 0,38 0.70
DN 65 225 0,04 450 100 425 045 0,41 0,74
DN 80 250 0,05 450 100 450 0.49 0,44 0.77
DM 100 315 0,08 450 100 515 0,60 0,52 0,86
DM 125 400 0,13 450 100 B00 0,75 0,62 0,948
DN 150 500 0,20 450 100 700 0.96 0,76 1.12
DN 200 630 0,31 a0 100 830 1,26 0,895 1,30
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Thea a f d le tem (2

Protective layer 150 mm

Horisontally installed single pipe: coverage layer of 600 mm on main ines and 400 mm on branches

DM Du Cross sec. Trenches [mm] Excavation Back-filling Ground
of element h a (E] surface
mim m3m see Figure 2 m3im mAfm mz2im
ON 25 20 0,01 600 150 630 0,62 0.61 0,95
DN 40 110 0,02 600 150 670 0,67 065 0,99
DN 50 125 0.02 BDO 150 700 0,71 0,69 1.03
DN 65 140 0,03 600 150 T30 0,75 0,72 1,07
DM 80 160 0,04 &00 150 770 0,81 077 1.1
DN 100 200 0,06 600 150 850 0,93 0,86 1.21
DN 125 225 0,08 600 150 800 1.00 0,92 1.27
DN 150 250 010 G600 150 950 1,08 0,98 1.33
DN 200 315 0,16 600 150 1080 1,30 1,15 1,49

Vertically installed sﬂnglu pipe: coverage layer of 450 mm on main lines and branches

DN Du Cross sec Trenches [mm] Excavation Back-filing Ground
of element h a o surface
mm m3fm see Figure 3 mafm m3fm m2im
DN 25 80 0,01 450 150 380 0,50 047 0,74
DM 40 110 0,02 450 150 410 0.55 0.51 0,78
DN 50 125 0.02 450 150 425 0,58 0,54 0.81
ON 65 140 0,03 450 150 440 0,62 0,56 0,83
ON 80 160 0,04 450 150 450 0,68 0,60 0.87
Dk 100 200 0,06 450 150 500 0,79 0,67 0.94
DM 125 225 0,08 450 150 525 0,87 0,71 0.99
DN 150 250 0,10 450 150 550 0,95 0,75 1.03
DN 200 3 0,16 450 150 615 1,17 0,86 1,15
Twin pipe: coverage layer of 450 mm on matn lines and branches
DN Du Cross sec. Trenches [mm) Excavation Back-filling Ground
of elamaent h a e surface
m3/m see Figure 2 mai/m mi/m m2/m
DN 25 125 0,01 450 150 425 0,38 0,37 0.70
DN 40 160 0,02 450 150 450 0,43 0,41 0,74
DM 50 200 0,03 450 150 500 0,49 0,46 0,80
DN 65 225 0,04 450 160 525 0,53 0.4% 0,84
O™ BO 250 0,05 450 150 550 0,57 0,52 087
DN 100 315 0,08 450 150 615 0,68 0,60 Q.96
DM 125 #4000 0,13 450 150 o0 0,85 072 1.08
DM 150 500 0,20 450 150 BOOD 1,06 0,86 1,22

DN 200 630 0,31 450 150 830 1,38 1.08 1,40
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The amount of excavation of and single
Tusins plpe stemant eMect of the burisl deglh srd piotection distance

ipe system (3

Twin pipt: coverage kiger of 400 mm on main lnes and branches, pretecton distance 100 mm

(W] (1] Cioss sec Teenches [mim| Excavabon  Hack:fling Geound

af elemeand i a ] wurladn

mtm sear Figuns 7 mam mafm mzim
DN 5 125 0o 400 100 325 028 02T 058
O 40 ([£] 0,03 A0 163 L] 0,22 .30 oa2
O 50 200 0,03 400 {a1] 4 038 0,35 [HE1 ]
O &5 225 0,04 400 1060 425 o4t 0,37 or2
[ 80 50 0,05 400 100 450 045 [LE 1) 075
O 100 118 0,08 400 100 515 0,55 oar 0,54
DM 125 400 0,13 400 100 600 0,70 0,58 0,56
L 150 500 020 400 100 T 0,50 o.fa 1,19
M 200 630 031 400 100 a3 1.9 0,68 1.8

Twin P coverage layar of 500 men on maln Bses and tnanches, prolecicn distance 100 mm

[#13] [ Cross o Tienches fmm)| Excavation  Back-fiflrg Ground
of sloman i ] L surface
mim see Figum 2 mim M HaFiiai]

DM 2% 125 0.0 500 [a1] 3135 034 0,33 a2
0H 40 VED 0oz 800 (] 350 [ ) LR 066
M 50 200 003 50D {11] 400 045 042 ore
D84 65 725 0,04 SO0 100 a4y 0,49 045 (o
D B0 =0 0,05 500 100 450 053 048 0,79
D8 100 b} 5 0,08 SO0 103 515 0,5 0,56 0,68
P 125 LEL 013 =00 109 LIl a.60 (18T 1,00
D 150 =00 0.20 E00 164 7000 1,01 o.a2 1,14
O 200 B30 0.3 o0 103 830 1332 .m 1,52

T plpe toveiage iper of 400 mm eh main Bres and ranches, proleclion dalancs 150 mm

D Cioss set. Trenches [mm] Excavation Dack-iling  Ground
ofl et h a o surfaoe
i see Figure 2 mim mahm R
] 0,01 %00 150 FFL 0,34 0,33 068
168 002 &0 150 450 0,39 0,37 B2
200 00a 00 150 00 0,45 a2 0.8
225 0,04 A0 150 525 0,49 0,45 082
250 0,08 400 150 550 0,53 048 0,85
A5 0,08 A0 150 G5 0,53 056 05
400 0,13 Fly 150 foa a,7a 0aT 1,08
500 0,20 A0 150 B0 1,00 0,80 1,20
630 31 A 154 430 .31 0,549 1,38

Tl plpe! coverage laper of 500 mm on maln lines and branches, pralectizn distance 150 mm

DN O Cioss soo Tronches [mm] Extavason  Back-filing Gagurnsd

of element h a & LETIEN e

mim see Figume I A mim miEhm
DN 25 (P B0t =00 153 FeTy Al 0,40 B.72
M £0 100 0oz =00 150 450 oa¥ 045 0T
[ 50 200 003 500 1440 500 053 0,50 0.2
Db 85 5 10,06 500 150 2% 057 0,353 066
D B 250 005 =00 150 550 061 0,50 ag
(AN 100 A1S 0,08 00 150 Bi% 0,73 0,565 0,95
e 135 400 0,13 00 50 TOG 0o 0.7rTr L]
M 150 fati il 2o 500 150 800 1,12 0na3 1.4
N 200 834 oo 500 LR 930 1,45 (N | 142
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Savings in heat loss
Comparison between a twin pipe element and horisontally installed
single pipes.

Exchange rate: 1USD=FIM5.5

Rate of interest 5 %

Calculation period 25 n

Price of energy 21,8 LSO Wh

Twin Single Dyiffe-
pipe pipe rence Savings Savings Savings Savings
Wim Wim Wim Y kWh/mfa  USINm/a USDVm

D20 15,0 16,1 i1 7% 9.6 0,2 3
DMN25 16,3 18,8 25 13 % 219 0.5 7
DN32 153 20,6 3,3 26 % 40,4 1,0 14
DN40 17,8 23,2 5,4 23 % 47,3 1,0 15
DN50 20,5 252 4,7 19 % 41,2 09 13
DNG6S 20,9 288 7.9 27 % 69,2 1,5 21
DNSO 21,8 30,3 85 28 % 74,5 1.6 23
DN10O 232 36 B4 27 % 116 1.6 23
DN125 2718 35,5 7.7 22 % 67.5 1.5 21
DNIS0 il0 9.7 8.7 22 % 76,2 1.7 23
DN200 33,0 41,3 L 20 % T2.7 1.6 22

Heat loss calculations, yearly averages: supply water 90°C, return waler 55°C, soil temperature +5°C




rmﬂallm single pi
:‘.:m'mgu layer (h) of 800 mm for horizontal alngle pipes and 450 mm fnr twin pipes,
protectve distance (a) 150 mm for single pipes, 100 mm for twin pipe

nl'mrln ipe comparad 1o -nrhm

Grass surfaca

Exchange rate USD = FIM 5.5

Average cost Avarage cost
Savings Single pipes Twin pipa
Material  Pipe work Installation Excavation Top layer Healloss Total saving horlzontally .
& UsSum Usim USDim USDim USDim ushim LsDim % ustim uUsbim
DN 20 8.00 5.60 1,00 680 3.20 240 27,10 28 % EER 66,70
DM 25 8,00 5,20 1.00 6,80 3,20 5,80 2080 M % 857 65,80
DN 32 8,00 3.80 1.00 T.50 3.20 11,80 35,30 36 % g8,2 62,90
DN £0 7.00 3,80 1,20 8,20 3,20 12,00 3540 A% 101,86 68,20
O 50 T.40 3,60 1.20 8,00 3,00 10,40 34,60 30 % 113.5 78,80
DN &5 6,80 3,60 1,40 14,80 3,00 17.60 43.80 34 5% 129.3 85,50
DN B0 620 3,20 1,40 10,70 3,00 18,80 43,30 28 % 1560,5 107,20
DN 100 520 2,80 1.40 2,50 320 18,60 0,10 24 % 166,58 126,80
DN 128 1,00 2,40 1,80 8,00 260 17,20 29 B0 14 % 2088 178,70
DM 150 2,00 3,00 1,80 2.50 1,80 19,40 38,30 15 % 24582 208,90
DN 200 1,00 3,60 1.80 1,50 3,00 18,40 29,10 a% 308,3 280,20
Asphait
Average cost Average cost
Savings Single pipes Twin pipe
Material  Pipework |Installation Excavation Toplayer Heat loss Total Saving harizontally

B USDim __ USD/m  USDim __ USD/m _ USO/m _ USDim _ USOim % USDim USDim
DN 20 E,00 5,80 1,00 B,80 8,10 240 33,00 30 % 1082 75,20
DN 25 8.00 520 1,00 &80 8,70 5,60 35,80 32 % 1104 74,60
DN 32 8.00 380 1,00 1,50 8.10 11.80 41,20 36 % 143,2 72,00
DM ab 7.00 3,80 1.20 B.20 8.10 12,00 41,30 35% 116.8 75,60
DN 20 7.40 380 1.20 8.00 8.50 10.40 40,10 31 % 128,2 88,10
DN 65 5,80 180 1,40 11,60 8,50 17,60 49,30 34 % 145,7 96,40
DM 8D 6,20 3.20 1,40 10,70 8,70 18,80 48,00 28 % 1675 118,50
DM 100 5,20 2,80 1,40 B.20 8.10 18,60 45.00 25 % 1848 138,80
OM 125 1,00 240 1,80 5,00 7,50 17.20 34,70 15 % 2284 190,70
DM 150 200 3,00 1.80 2,50 5,50 16,40 40,00 15 % 285,2 225,20
{ON 200 1.00 360 1.80 1,50 8.70 18.40 24,80 11 % 3314 296,60
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Coverage layer (h) of 450 mm for vertical single pipes and 500 mm for horizontal single pipes,
pratective distance (a) of 150 mm for both types

Exchange rate USD = FIM 5.5

Grass surface
Average cost Average cost
Savings Single plpes Single pipes
Material  Pipe work Installation Excavation Toplayer Heal loss Total Saving horizontally vertically
USDm USDim UsSD/m USsD/m USOim USD/m UsD/m % UsDim UsDim
DN 20 . - 0,95 2,80 1.50 - 5,65 B % 83,8 88,15
CN 25 . - 0,895 2,80 1,90 - 5,65 B % 95,7 90,05
DN 32 . - 0,95 300 1,85 - 5,80 6 % 98,2 92,30
DN 40 . . 1,14 330 2,00 . 6,44 B % 101,6 95 16
DN 50 - . 1,14 380 2.10 . 7,14 6% 113,5 106,36
DN 65 - - 123 5,00 2,10 - 243 7% 1283 120,87
DN BD - - 1,33 4,40 220 - 7.03 5% 150,5 142,57
DN 100 - - 1.33 3,80 2,50 - T.43 49 1669 159,47
DN 125 . . 1,52 2,70 2,60 - 8,42 3% 206,5 198,68
DM 150 - - 1.52 2,70 2,80 - 8,82 3% 245,2 238,38
DN 200 - - 1,52 0,70 3,30 . 5.5 2% 309,23 303,78
Asphalt
Aveorage cost Aveorage cost
Savings Single pipes Single pipes
Materizl  Pipe work  Instalation Excavaton Top layer Healloss Total Saving horizontally vertically
usD/m UsD/im ushim USDIm UsSDim USDim USC/m % USDim UsSDim
DN 20 - . 0,85 2,80 530 - 5.05 B % 1082 85,15
DN 25 . . 0,85 2,60 5,30 - .05 BE% 1104 101,35
DN 32 . - 0,85 3,00 5,44 - 8.39 B % 1132 103,81
DM 40 - - 1,14 5,30 5,60 - 10,04 B % 116.9 108,86
DN 50 - - 1.14 3,80 5.80 - 10,84 H% 1292 118,38
DM &5 - - 1,33 5,00 §.00 - 12,33 B % 145,7 133,37
OM 80 - - 1.33 4.40 6.20 = 11.23 % 167 .5 188,57
CN 100 - - 1.33 3,60 T.00 = 11.83 6% 184.8 172,87
DN 125 - ; 1.52 2,70 T.40 - 11.62 5% 2254 213,78
DM 150 - - 1.52 2,70 T.80 - 12,02 5% 2652 253,18
D 200 - - 1.52 0.7 8,80 - 11,82 4 % 131 .4 119,58
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Savings and benefits achievable with twin pi

Metwork used as an example for the companson between single and twin
pipe systems.
60 m
60 m
50 m (56 m) 'I
.
60 m
S0m (56 m)
T [ Py - Eil]m
50 m (56 m)
—r—

i
¥ oafe i =k i

= Main pipe line
Branches, twin pipe 120 m
Branches, single pipe

i Jusints









