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Preface

Introduction

The Intenaional Enegy Ageng (IEA) was
estdlished in 1974 in ater to stengthen the
co-opedtion between member counds.

As an element of the Integtional Enegy
Programme the paticipating counties
undetake co-opegtive actions in engy
reseach, development and demonation.

District Heding is seen pthe IEA as a
means i which counties mg reduce their
dependence on oil. It iblves the inceased
use of indignous or bundant fuelsthe
utilisation of waste enggy and impoved
enepy efficiengy. With the same objeates
District Cooling is @tting a gowing intelest.
The positve ewvironmental éiects of impoved
enegy efficiengy will give an aditional and
vely strong impulse toaise the actities on
District Heding and Cooling

Anne |

IEA’s Pogramme of Resedl, Development,
and Demonsttion on Distict Heaing was
estdlished in 1983 ba meeting in Stddolm.
In the frst phase (Annel) ten counties took
patt in the ppgramme:Belgium, Canada,
Denmak, Fedenl RepuHdic of Gemary,
Finland Italy, the Nethdiands,Norway,
Sweden and USA.

The Ndional Enegy Administration, Sweden,
has been the Oping Agent for Annex |, in
which the bllowing tednical aeas hae been
assessed:

— Hed Meters

— Cost Eficient Distibution

— Hea Production

— Use of Lav Tempesture Hed Souces in
District Heding

— Corversion of Building Hetding Systems to
District Heding.

A Summay Report of all reseach actvities
caried out undeAnnex | in the peiod

was pultished in 1988 ® the Ndional Enegy
Administration Sweden (eport Staus
Enegiverk; 1988:R16).

Anne Il

In 1987Annex Il was stated up under Wwich
the following tednical items hee been
included:

Consumer instaltions

Piping

Advanced Fluids

Hea Meters

Advanced HeaProductionTedhnolagies
Themal Enegy from Refuse

The NethdiandsAgeng for Enegy and the
Environment (NQGYEM) has been acting as the
Opesrting Agent for Annex Il. Nine counties
have paticipated in thisAnnex, i.e. all

counties ofAnnex | except Belgum.

The Summar Report of all the eseach
activities caried out in the time péyd
between My 1987 and Neember 1990
was pulished in 1990 b NOVEM
(Report NOVEM 1990 R-12).

Anne Il

In May 1990 decisions ®re talen &out an
Annex Ill, in which all paticipants of the
second phase contiad their péicipation for
another thee-year peiod. Also the United
Kingdom decided to takpat.

Items br Annex Il were:

— R&D Project Reriew
PromotionalActivities

Piping Technolagies

Consumer Heting System Simalation
Supevision of Distict Heaing Networks
Advanced Fluids.

Also for thisAnnex NOVEM has been acting
as the Opeting Agent. In 1993 NOEM has

between Noember 1983 and December 1987 pubished the SummagrReport of the Reseah
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Activities caried out betveen Mg 1990 and
May 1993 (Reort NOVEM 1993 P-10).

Ann IV

In May 1993 it vas decided to contire the
actvities; Annex |V was stated up. InAnnex

IV all countiies of the peviousAnnex
paticipate, except Italy. In 1994 Korea decided
to take pat in the ppgramme The BExecutive
Committee decided upon thellbwing items
for the pogramme undeAnnex IV:

Again the NethdandsAgeng for Enegy and
the Ewvironment (NOEM) has been acting as
the Opeating Agent. The Eport you ae

reading nev (NOVEM 1997 N9),contents the
summaies of all eseath actiities caried out
between My 1993 and Math 1997.

Integrating District Cooling and Combined

Heda and Pwer
AdvancedTransmission Fluids
Piping Technolagy

Supevision of Distict Heaing Networks
Efficient Substiions and Install@gons
Development of long-ten co-opeation

with East Euopean Counies
Low Cyde Fatigue

Managing a tydraulic Systems in Disitt

Heding

Review of Water Treament Pactices.

Annx 'V

In May 1996Annex V has been sterd up.
USA decided not to pacipate in thisAnnex,
so fllowing counties co-opeate inAnnex V:
CanadapPenmak, Finland, Gemary, Korea,
the Nethelands,Norway, United Kingdom and
Sweden.The Eecutive Committee has set

following priorities:

Optimisaion of opesating tempeatures
Balancing the mduction and demand in CHP

Cost efective DH&C networks

Fatigue anasis of distict heding systems
District heding and cooling in futw huildings

— Handbook hout plastic pipe systemerf
district heding

— Optimal opeation, opektional availability
and maintenance in DH systems

NOVEM is acting as the Opating Agent for
Annex V.

Available budget
The aailable hudgets perAnnex are listed
below:

Annex | US$ 525,000
Annex Il US$ 675,000
Annex llI US$ 1,000,000
Annex IV US$ 1,100,000
AnnexV US$ 1,000,000
Information

Geneal information ebout the IEA Distict
Heding and Cooling Raigramme will be gven
by:

IEA Secetaiat

Mr. Mel Kliman

9 Rue de la &degtion
F-75775 Ruris, Cede 15
FRANCE
Telephone:+33-1-405 767 85
Fax: +33-1-405 767 59
E-mail: kiman@iea.og

or

The Opesating Agent

NOVEM

Mr. Frank \an Bussel

PO. Box 15

NL-6130AA SITTARD

The Nethdands
Telephone:+31-46-4202332
Fax: +31-46-4528260

E-mail: nlnovfvb@ibmmail.com.
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Executive summary

Background

One of the major aims of the |IEAactvities
was,and still is,to reduce the vulneability of
member counies to the inteuption of
imported enegy suppliespaticulany their
depence on oil. Recent histohas shan in
which scale disturbances of the suppf
enegy could be ceaed by intemational
political conficts.

Encoueging the inceased use of indémous
fuels andwhere enegy has to be impaded,
ensuing tha the souces of sub supplies &
spread as widgl as possile will stay some of
the measues tha have to be pomoted in a still
stronger efort than was utilised up to ne.
Using fuels mae eficiently will be a ley pat
of the IEAs member couns’ strategies.
Fortunaely, increasing naonal self eliance in
enegy, paticular in tems of inceasing
efficiengy and enavable enegy use is
nomally very compdible with the eduction of
Green House Gases (GHp'and Sustairde
Development. Disict Heding and Cooling
has poven to be a major coiibutor to GHG
reduction in may member counies and
recanition of DH&C's impotance is gowing.
In fact,mary counties where Distict Heding is
well estdlished are renaving their commitment
to distict enegy as thg find nev ways to use

the tetinolagy to reduce evironmental impacts.

District Heding does notin itself, reduce
GHG'’s. Havever, it facilitates linkayes betveen
supplies theare ewironmentaly desigble and
end uses tha could not otherwise makuse of
those engy souces.

In geneal tems, commnunities concered dout
GHG reduction shouldiffst adopt policiesdr
the reduction of indiidual uses of engy and
for encouaging the use ofanavable enegy.
Having done thisthe comnunity should be
consideed as a system and should seek to
utilise:
— waste heafrom industial and nunicipal
opetion

— waste enavable maerials sud as landfl
gas,wood or gricultural wastes or
municipal wastes

— new renavable enegy sud as havested
biomass or cooling ém oceandakes or
rivers

— combined hetaand paver (CHP) or
cogenesgtion should alvays be considexd
especial if fossil fuel is to be used

— if all of the dove hare been used to limited
then eficiengy use of bssil fuel nust be
consideed

An expansion of Disict Heding and Cooling
activities would male it possite to moe
easil choose betwen altemative enegy
souices in oder to ealise the most Btient
enegy suppl. Where feasilbe, the combined
production of hekand paever will have to be
promoted as theirkt option,as it intgrates the
ervironmental sangs of centalised
production units and the emgrsaving of the
combined poduction. One of the easiestys
to release the eironment is to diminish the
use of enagy. With combined poduction this
goal can beealised patt from eforts to
diminish the engy-consumption of the end-
uses.

In North American counties also Disict
Cooling has gt a gowing interest. for tha
reason alsotgention has beeniwen to the
specifc aspects of this kind of thnology, in
reldion to enegy savzings and ameli@tion of
the ewironment.

Organisation and Participation

Co-opedtion between the paicipating
counties is gvemed ly an Implementing
Agreement. Decisions on theor programme
and ludget ae talen by the Executive
Committee vhich has epresenttives flom all
paticipating counties. For the meetings of the
Executve Committee interational
organisdions in the ield of Distiict Heding

and Cooling fom Euope (Euohed and Rwer
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Unichal) and Noth America (IDEA) ae activities, negotiates contacts etcwithin the

invited to dtend on an obseatory basis. budget and pogramme limits decided upon.
Projects ae defned inAnnexes to the In theAnnex 1V, which results ag desdbed in
AgreementThe Opeating Agents acts in the  this summay report, the following projects
interest of all counies and co-afinaes the have been inluded:
Project title Lead country Project management
1. Integrating Distiict USA Resouce Eficiengy, Inc.

Cooling with Combined Mr. Mark Spur

Hea and Pwer Wacouta Seet,Suite 550

St. Raul MN 55101 USA

2. Advanced Enagy Gemary Prof. Weinspab Themische Verfahrenstetinik

Transmission Fluids GmbH

Dr. Artur Steif
Heinrich-StraterStr. 12
Dortmund, Gemary
3. Piping Techniques Gemary GEF Ingenieus Gesellskaft fir Enegietecnik
und Femwame
Mr. Lothar Geke
Ferdinand Prsche Stasse 4a
Leimen,Gemary

4. Quantitare Hed Loss Sweden Fjarvameutedling FVU AB
Deteminaion by means Mr. Heimo Zinlo
of Infrared Themography 82 Nykoping Sweden
- TheTX Model
5. Efficient Substdons and  Norway SINTEF
Installgions Mr. Rolf Ulseth
Trondheim,Norway
6. Tempesture Varations in  Denmak RAMB@LL
Preinsulaed DH Pipes; Mr. Kadl Erik Hansen
Low Cyde Fatigue Teknikerbyen 31,
Virum, Denmak
7. Manajing a tydraulic The Nethdands Jos Claessens Beheer BV
System in Disiict Mr. Ab Horeman
Heding P.O. Box 1002
NL-6235 ZG Ulestaten, The Nethdlands
8. A Review of Eumpean Canada Natural Resoutes Canada
and Noth American Mr. Rob Bandon
Weter Treagment Canmet Engy Techn. Cente
Practices 1 Haanel Dive

For eat of the pojects an epettsgoup has
been ceaed in which expelienced
representtives of the pdicipating countres
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Nepean,ON.K1A 1M1, Canada

have contibuted to the mject-deinitions and

to the pogress of the aatities.
The results of all these pjects ae published



in searate reports and a& summaised in the
following chapters of this eport, NOVEM
1997:N9.

In order to ead a lage audience in the digtt
heding and coolingiéld, an @reement as
made with the editor dFemwaeme
Intemational’ (FWI) to use this mgazine br
pulishing perodical information eout the

ongoing actvities, results of studies and other

pubications.

In ‘District Enegy’, the oficial newsletter of
the Intenaional Distict Enegy Associdion
(IDEA) also dtention is gven to the IEA-
actuities.

At intemational conkrences and symposia on
District Heding and Cooling pFsenttions

have been set uproviding information on the
actiities and theiresults.

All county-representéives etended the
promotional actiities in their home-courigs.
Mutual information exchange between IEA
and Euohed and Pwer Unidal, for the
European egion, and the IDEA ér Noith
America will be irmly suppoted to ead a
wide range of inteested people

Most of theAnnex IV-reports have been
printed in 500 copies. Of thes#00 copies
were to be disibuted in the pdicipating
counties ly the néional representéives.

The iemaining copies & been pyduced ér
distribution by the Opegting Agent on equest
to those o ae inteested



Integrating District Cooling with Combined Hea

and Power (1996 N1)

SCOPEAND PURPOSE

This report descibes the engy efficiency,
economic and efironmental implicdons of
altemdives br integrating distiict cooling with
Combined Heband Pwer (CHP).The

purmpose of theepott is to povide guidance to
designes of distict cooling systems to identify
the best optionsof integrating distiict cooling
with CHP in nev plant facilities.

Ead case will hge its avn paticular tedinical
and economic pametes, and this eport is
intended to aid in atictuiing the essential
case-spedit anaysis, rather than substituting
for sut an analsis. Caital and opeating
costs br CHP and killer technolagies ae
presentedbut signifcant \ariations in costs
can occur due to creng/ values and other
case-spedit factos

For the puposes of thisepott, district cooling
is defned as ay system hich provides
building cooling though the distbution of
chilled weter, hot weter or steam tim a centl
plant. Thus,cooling adieved though
distiibution of distict hot weter or steam to
drive asoiption diillers locded in uildings is
also considerd distict cooling

The eport addresses:

+ the themodynamic fundamentals of CHP
and cooling providing a concptual
founddion for later quantifcation of the
efficiengy of altenaive cooling/CHP
options;

* the eficiengy, air emissions and economics
of altemaive CHP tebnolagies (s
turbine recipocaing endne, steam turbine
and @s turbine combinedycle);

« the eficiengy, refrigerant ewironmental
impacts and economics of altetive
cooling tetinolagies (electic centifugual,

steam turbine cerifugal, one-stge steam
absoption, two-staye steam lasoption and
hot water ésomption);

 review of fundamental aspects of distr
heding and cooling systemshich ae
relevant to intgrating distict cooling with
CHP;

« the eficiengy and economics of ingeated
cooling/CHP tehnolagy altemaives,
including presentéion of economic
formulas,discussion of & economic
variables and calculion of cooling costs
for illustrative hypothetical scenars; and

« case stugl examples of intgrating distiict
cooling/CHP

ENERGY EFFICIENCY

Basis br Efficiency Comparisons

A consistentfigure of meit” for compaing
the enegy efficiencies of diferent options ér
combining CHP and cooling is gdidematic
because e&coption,employed in a gven
circumstancewill produce diferent anmial
guantities of elecitity, heding and cooling
Efficiency compaisons based on summing
these thee types of engy outputs will be
misleading because thé&gnore the difering
exemgy qualities of electcity, heding and
cooling

Consequenyl compaisons of the diciencies
of altemative CHP/diller options vere made
on the basis of maximizinghidled water
production. Hetdriven dillers were
supplemented with eleatrdrive dillers using
available electic output fom CHP

Findings Regarding Efficiency

1. If the goal is maxinum cooling output per
unit of fuel usedthe CHP tehbnologies ank
as bllows, from highest to lwvest output:



» Gas turbine combined/de
» Diesel engne

» Gas turbine

» Steam turbine

This ranking holds we egardless of the
chiller technolagies emplged although the
extent of diferences betaen the CHP types
vaiied dgending on thehdller

technolagies.

. With a simple gcle gas turbingthe higher
tempeesture hea-driven dillers
(supplementedybelectic drive dillers)
provide moe cooling output than thever
tempeature optionswith the electic-
chiller-only option poviding the lavest
cooling outputThis is also oughly true
with a diesel enige, although the lover
tempesture hea-driven options compar
more favorably because the tempature of
the useful thenal output of diesel efges
is mote limited compaed to the gs turbine

. With steam turbine andag turbine
combined gcle CHR the electic drive
chiller provides the highest cooling output,
followed ty hot weter @somption and other
hea-driven optionsroughly in order of
increasing dving tempeature. The
differences beteen diller types with gs
turbine combinedycle ae less than those
for steam turbine CHP

. When combining cooling with CHP in we
gas turbine combinedycle facilities, there
are only small diferences in verall
efficiengy between maximizing eledtr
production and using eleatrdrive dhillers
compaed to atracting some of the thexal
enegy and using it to opete absoiption
chillers. The diferences in pactical
efficiencies ae within the ange wher
specifc equipment selection and design
conditions will detemine which altenative
is most eficient.

5. Simple gcle gas turbine CHP carppear
attractive from an eficiencgy standpoint
when the thanal output is vized as'waste
hed.” However, it can be agued thathis is
becausgefrom the standpoint of meplant
design total eficiengy has not eally been
optimized with a simpleycle, i.e.,
generlly there is the cpability to geneste
additional electicity in a combined ycle.

6. For a nev CHP fcility, ther is not a
compelling agument br using hea
geneeted though CHP to dve dillers as
opposed to installing a condensing tail to
drive electic chillers. Hovever, this
argument does not holaf the smaller end
of the scale of CHPatilities (eg. 5 MWe),
where due to economies of scale it is
geneally not cost-diective to install a
steam turbine to dre a g¢neetor in a
combined gcle.

ECONOMICS

This report addresses the costs ofigerting
cooling enggy using CHPHowever,
distribution costs can be a sigo#nt pat of the
total cost of disfct cooling Whete a distict
heding system is wll developed distribution of
“cooling enegy” via the distict heding loop r
corversion with dsoption dillers has the
potential to be the most costedtive option
consideing both plant and disbution costs.

The economics of inggated cooling/CHP
options ae highly dgpendent on mancase-
specifc factoss. The following discussion
summaizes the esults of the illusttive
scenaios presented in thesport for nev CHP
systems in the 20-25 Mygize range under
staed load and economic assumptions.

CHP options
1. In the illustative scendos, simple gcle gas
turbine CHP povides the lavest cooling



cost & low values of electcity (3 cents/
kwh,), due in lage pat to its lov
investment cost.

. Combined gcle gas turbine CHP jpwides

the lavest cooling costtehigher elecicity
values (hove 5 cents/kW) as a esult of
its high electic efficiency. As electicity
value ises,the competitieness of theas
turbine combinedycle increasesdster than
the other CHP options.

. With the potential ér steam turbine CHP to

be ired with lover-cost fuel,this CHP

option has the potential to be the most cost-

effective option dpending on spedif fuel
costs.

. In CHP plants under 20 M\\feciprocaing

engne CHP can become necompetitie
than indicged in the illustative scendos,
and in CHP plantstave 50 MW, steam
turbine CHP has the potential to be mor
competitive than indicted

. Sensitvity of cooling costs toltanges in

fuel cost,hed value and eledirity value is
lowest in the wim dimate because net
CHP costs & spead wer a eldively large
number of cooling utilizaon hous.
Corversely, sensitvity of cooling costs to
these &ctoss is highest in the coldimate
because net CHP costeapead oer a
relaively small rumber of cooling
utilization hous.

Chiller options

1.
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Based on the illusttive scendos, electic
drive dhillers combined with gs turbine
CHP (a low electic values) and gs turbine
combined gcle CHP (& high electic

values) povided the levest cooling costs
for centalized dilled water distict cooling
However, in mary scenaios the cost
differences beteen elecic drive cooling
and hegdriven options (supplemented with

electic drive) were quite small and can be
consideed insignifcant in viev of the may
case-spedit variables which can affect the
calculdions. In geneal, the costs of the
CHP ae moe signifcant than the costs of
the diller equipment.

. Geneally, cost diferences beteen the

cooling tetinologies combined with simple
cycle gas turbine and diesel eng CHP ag
very small because the electoutput of
these CHP tdmolagies is not diected ly
themal ectraction. In contast,with steam
turbine CHP and to a lessedttent gas
turbine combinedycle CHR cost
differences beteen tiller tednolagies ae
more signifcant because with the steam
cycle the elecic output deaeases Wwen
themal enegy is extracted and this deate
increases with in@asing thenal extraction
tempeature.

. Aside from direct economic considations,

the walue of fexibility and reliability may
lead the system designer to installthea
driven dillers. For example hed-driven
cooling can help mtect gainst penalties
associted with a loss of pger genestion
cgpacity d peak,since with headriven
chillers the system opator can fre up
relaively inexpensve standip boiler

cgpacity.

. For all CHP typesthe economic ditrences

between the haadriven diller options vere
reldively small,with costs slightl higher
for chillers requiiing highertempeeture
driving enegy. In essencehe higher
investment costof highertempesture
hed-driven options s to a lage extent
offset by their higher diciencies.



Advanced enegy transmission fuids for District
Heating and Cooling (1996 N2)

Intr oduction

The gplicaion of diag reducing aditives in
distiict heding networks is a pomising
technolagy to improve the competition
conditions of those systenmBhe pessue loss
and theefore, the pumping costs ofkisting
networks can beeduced or their gmacity can
be inceasedThe pipes andttings of nev
planned netwrks can be designed in smaller
diametes. Other possibility to use theadr
reducing effiect ae the dearase of the supypl
tempesture due to an ineasing masddw
while keeping the caacity constant or the
integration of further (far avay) hed souces
which becomes ogleconomic due to
deceasing pumping costs. Resoes can be
saved and the pollution of the @nonment can
be reduced

During the last 13 gass, lots of irvestigations
concening the aplicaion of cdionic
surfactants as dg reducing aditives hae
been caied out in Canadd)enmak, Finland,
Gemary, Korea,The Nethdands,Sweden
and the United Stas. Expeéments with
different kinds of ctionic surictants sut as
Ethoquae, Habon(-G),Obon(-G),Dobon(-G),
C,sTASaletc have been caied out.The efects
on pressue diop behaiour in staight pipes,
helical tubes as &ll as the haaransgr
behaiour in those gometies hae been
investiggted The heatranser of shell and
tube helical tube and pta he& exchangers
has beenxamined Futhemore, hea metes,
fittings, pumps,the corosion behwiour,
ervironmental aspects and@r hammeng
have been iwestiggted when using dig
reducing suictants.

In laboratory tests and full scale westigations
in Denmak, Gemary and the Nethéainds,the
geneal suitdility of cationic surfctants -
especialf of Habon-G and Dobon-G in
combindion with Sodiumsaliglate - as dag
reducing substancesrfdistict heding
systems could be pven. Based on those
results strategies to @ply surfactants ineal
district heding systems hae been desloped

Several impottant pojects hae been suppted
of the IEA. Impotant subjects sicas
ervironmental aspectghe inluence in a lage
scale plée he& exchanger, corosion behaiour
etc have been inestigated within the bounds
of projects suppded ky the IEA.

Under IEAANNnex IV, four piojects concering
the ield of reseach “AdvancedTransmission
Fluids for Distiict Heding and Cooling” have
been suppded Several institutes and
companies of dierent counties hae been
caried out theogtical and rpeimental work.
Some of this wrk has been planned and
caried out in coopetion with various
patners.

The first pioject (pojectA) is dealing with the
simulation of the beha@our of compehensie
transpot networks with special considation
of hed exchangers which searate the tanspot
system fom the distibution netvork.
Simulation results br the gplicdion of
surfactants in agal system & gven.Within
the cont&t of projectA, economic calculéons
have been cafed out.These calculions
consider gneal models andige an @erview
of the saings in costs Wich can be xpected
under cetain conditions.

In the second pject the infuence of dag
reducing aditives in small domestic hea
exchangrs and onlbw metes which ae
installed in small consumer $itans has been
detemined Four different kinds of heia
exchangers and bur diferent fow metes hare
been ivestigpted

Aim of project C vas the collecting of da
and inbrmation about commetially available
drag reducing suictants and ofegulations of
different counties conceming the aproval of
drag reducing aditives in distict heding
systemsTherefore, a questionna@ has been
developed which was handed to all memlser
of the Expets Gioup“AdvancedTransmission
Fluids for Distiict Heding and Cooling'to
register the stee of conditions of the di¢érent
IEA member countes.

When using dig reducing aditives inside
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pipes,the heatranskér from the fuid on the
inner pipe aga is educed signi€antly.
Therefore, the last poject has been aded out
in which the impovement of the hea
transmission conditions in tuberdle hea
exchangers by installing turlulence inceasing
obstates inside the pipesas irvestigated

A. Modelling of the Location and
Requirements br Heat Exchangers in
District Heating Networks using Friction
Reduction Additives

In the contgt of this stug, a sirulation

program for calculding the behaiour of

district heding systems opating with drag
reducing aditives has been deloped The
behaiour of distict heding transpot systems
as wvell as of single components - espewiall
typical hea exchangers sud as plée, shell and
tube and helical tube hieexchangers - can be
calculded with the pogram“TenSim”,when
applying drag reducing aditives.

The sinulation program can be used to modify

existing netvorks and ceae nev district

heding systems toaalize the opeation with
surfactant solutions. Single system fsar

(existing and aditional necessardevices) -

results calculed with“TenSim”reproduce the
real lesults suficiently.

A necessar condition br the gplication of
drag reducing aditives is the economic
viability. Compaing the modifed system
working with drag reducing susctants (thia
means the optiom tedwnical solution vhich
has beendund with the sinalation tool) and
the oiginal systemppeiting with pue water,
it is possilke to estimée the sgings in cost due
to the aplication of surhctants.

Therfore, cost functions hae to be ealuged
in further studies to bebke to calculte the
investigations tha are causedypthe adlitives.
Those functionsdr Geman conditions hae
been deeloped in seeral studies cared out &
the Unversity of Dotmund

Furthemmore, economics calcuteons hae
been caiied out. In this studies genesl
model has been used to estinthe potential
in saving costs on pnciple.

Next stgp concening the aplication of drag
reducing aditives in distict heding systems
should be the simiation of concete tanspot
systems withTenSim”- including the
modifications. Futhemore, economics
calculdions (estim#ons) should be ceed out

especialf hed exchangers - can be designed or for real systems togd the necessar

modified to abieve a design Wich guaanties
a well working opesting mode

By simulating several cases of mod#d
systems and comgag the esults of the
simulations,an optimum tednical solution can
be adieved

In an &kample calculdon the sinulation
program has been testebhe test system (the
systemvoélklingen Luisenthal) has also been
used br a long tem full scale test (@plicaion
of Dobon-G/Sodiumsalidate), so tha all
technical dada (dda for gppatus like pumps,
hed exchangers, pipes,geagraphical daa etc)
were available as vell as esults or the
opewtion with diag reducing aditives.
Therefore, simulation results could be
compaed with esults of aeal gplication.
The compason shaved tha the sinulation
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informations @out the economic aspects of the
applicaion of diag reducing aditives in
existing distict heding networks.

B. Experiments on the Efects of Fiction
Reduction Additives on Substances
This report discusses theesults a NOEM-
supevised irvestigation aimed aassessing in
how far the suidictant Haon-G caneduce
friction losses in domesticater suppy systems
utilizing hed from distict heding systems.
Eatier work has shwn tha Habon-G when
added to hettranspot systemshas a
beneicial effect on the equired pump
cgpacity. Habon-G poduces a laminatdw,
and this educes not owlthe fiiction losses in
pipelines ot also the heaaranser.
This report discusses the fefct of Hdbon-G on



both paametes as obseed in bur different
hed exchangers and heiaflow metes used dr
domestic vater suppy systems.

For the puposes of the pisent inestigation a
test fcility was made in Wich the distict
heding circuit is sinulated ky a dosed loop
which induded an adjustde electic heder.
The domestic ater circuit was connected to a
high-caacity water suppy boosterThe hea
exchangers and hetaflow metes were
integrated in the &cility and could be insexd
one a a time into either cauit by means of
ball valves.

Measuements made on the heschangers
indicate thd all four he& exchangrs meet the
specifed requirmentsalthough thex ae
some diferencesThe fow in them still seems
to be turlulent,despite the laminising &fct of
Habon-G

The heaflow metes do not all meet the
requirmentsTwo were found to be Beror
and their inaccuaryy increased with inerasing
Habon-G concenttions. The pecentaye erors
of the other tw metes were belav the
threshold and wre not afected ly the
presence of Haon-G

As obseved ealier, adding Habon-G to the
water in distict heding systems has a
beneicial effect on thelbw resistance and
reduces the heédosses in theefed linesThe
present inestigation shavs tha addition of
Habon-G does not &ct the heiatranser in
the domestic ater suppy system in ay
maerial way. However, a ciitical assessment of
the type of heiaflow meter to be used is called
for.

C. Survey of Environmental Restictions to
the Use ofAdditives in District Heating
and Cooling Systems

Aim of this pioject is the collecting of da and

informaion aout commaegially available drag

reducing suictans and ofeguldions of
different counties conceming the aproval of
drag reducing aditives in distict heding
systems.

Bruun & Séensen has eged a questionnagy
which was handed to all memiseof the
Expet Group to egister the stee of conditions
of the diferent IEA member courigs.

The poject was stated d the bginning of
October 1994The questionnadr was anwered
from nealy all member couniies (Canada,
Denmak, Finland Gemary, Korea,Sweden,
The Nethdiands and USA). B& S has
analsed the angers ans summéed the
informaion. An unambiguous cotgsion
coveling the situ#ion in all counties cannot be
drawn. In most countes thee ae no concete
rules elaed to this ne technology.

It seems to belear tha a cetain reluctany
towards the intoduction of me adlitives in
geneal is a commonttitude Zhe tetinology
has not been déged in ary of the counties.

The actvities on this feld ae finished The
final report of project C,“Survey of
ervironmental Resittions to the Use of
Additives in Distict Heaing and Cooling
Systems'was dosed in My 1995 and is
available.

D. Impr oving of Hea Transmission
Properties of Tube Bundle Hed
Exchangers by Installing Obstades
inside the Pipes

In this stug the heatranskr and pessue

drop of dieg reducing suictant solutions

inside staight pipes with obstées has been
investicgated Therefore, an isting test ig,
mainly consisting of tw dosed loops (oneof
cooling and onedr heding), has been
modified. As caionic surbictant,Habon-G

(hexadegldimethlypolyoxethylammonia-

cdion and 3-droxy-2-nghthode as counter

ion) has beenpplied

Spiral spings of diferent pitthes hae been

used as obstées to incease turblence and

therefore, the he&transkr which is
significantly deceasing wen gplying drag
reducing aditives (up to 9%6). The spings
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consist of wie made of stainless steel of a
diameter of Inm. The diameter of the sipg
has been a little bit higher than the inner
diameter of the pipe to guartee a céain
suppot.

For pue weter the installdon of the obstdes
leads to an in@ase in hdaranser of nealy
100% in maxinum. The behsiour is
dependent on the pitc The darmcteistic for
the 8mm and the 18m spings ae almost
identical while the Nusseltumbes of the

24 mm sping are smaller

For surfictant solutions the heanser
behaiour stiongly depends on conceration,
tempeature and pitb. For 500wppm the
improvement in hetranser is ony small.The
conditions of the agin stae (water without
obstates) - which is the equiement ér a
sufficient opeation with surictants - cannot
be raded with this concerdtion.

The Nusselt lsaacteistic is paallel belav tha
one Pr water without spings.

In contrast to the 50@vppm solutionthe
125wppm and 25Q@vppm shav a completst
different behgiour. At low Reynolds umbes
the damcterstics starin the ange of tha one
for weter without obstdes andise - d a
cettain Re/nolds rumber - up to thealues or
water with obstales. This ciitical value is
dependent on concertion, tempeeture and
pitch of the sping. With increasing pitb the
critical point is maing to higher Rgnolds
numbes as vell as with inceasing
concentation. With increasing tempeture, the
critical values also mee to higher lbw
velocities until a ceain tempegture, which is
dependent on conceistion, is reated Behind
this point,the \alues a@ moving to lover
Reynolds umbes and the lcaacterstic is

drag reducing efiect is wealening

For a concengtion of 250wppm,the he&
transer conditions of the @in stae can be
readed with the 8nm spimg aove
Reynolds= 25,000 and with the 1&m sping
above 56,000. Br 125wppm,the conditions of
the oigin stae can begated with all
investigated spings (for the 24mm sping, the
condition Re> 47,000 has to be fiillied).
Therefore, the aim to eat the heatranser
coeficients of pue water without obstdes
could be eated under céain conditions.
On the other handneasuements of the
pressue diop sheved a signitant incease
This incease is - compad to the inaase in
hed transkr - supepropottional.

The stongest incease could be obsed

for the 8mm sping for 250wppm. In this
case the mssue diop is inceasing of hout
850%.

The damacteisitc couse of the dag
chamcteristic mainky shavs the same
dependencies as the Nussdia@cteistics.
The most impdant influence has the pitcof
the sping. Compaing the 8mm and the

24 mm sping for a 250wppm suréctant
solution,the pessue diop inciease of the

8 mm sping is 850% in maximum compaed
to 200% in maxirmum for 24mm.
Consideing the tebnical gplicaion and
assuming thiathe heatransgr has to beta
least as lage as br water without obstdes,an
enomous pessue diop inciease has to be
spent.Thus,for the tetinical gplication,
detailed calculions of the banged conditions
of the complete system ¥ to be caied out
in order to hed the installéion of spial
splings inside pipes as a meastio impove
the behgiour of tube lindle heaexchangers

moving to higher Nusseltumbes because the when using dig reducing aditives.
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Guideline to Planning and Building of District
Heating Networks (1996 N3.1)

The handbook

District heding networks fulfill an important
sewice mle and constrction of these callof
large-scale imestment. Consequenthetwork
systems rast meet special iteria in tems of
network opeating life, reliability of supply and
cost-efectivenessA body of specialied
knowledge has been assehatl from the
development of omeous hetand distibution
sewices in nothem and centll Euope some
of them lage, and this will be passed on leer
Heding disttibution systems of considaile
size hase also beenuilt in Easten Euope

albeit under dfferent economic caumstances.

This handbook is intendedrfthe tained
engneer and contains iafmation on
patticular aspects oflilding hea distribution
lines. It is not a tetbook for teading the
basics to engeess. It discusses oplthe
fundamental aspectsviolved in design and
constuction hut does not tout on specialied
products or on spedif constuction
altematives.

This pubication has been put gether with the
collaboration of expetts from nealy ten
counties. It is witten in everyday engneeing
terms as well as those ofautine planningdr
district heding systemsThe tet details map
important situgions and dificulties. This is not
intended to intimidee the eader with the
numeous interelaionships and mblems lut
rather to mak those lessxpelienced avare of
the hidden pittlls.

Most of the manscipt was witten in
Gemary. Corespondingl, the majoity of the
illustrated maerial has also been a@rn from
Geman souees. It should be said in this
regard tha cost considetions alone esticted
the use of illusited maerial from outside
Gemary. Scandingian engnees hare had no
less success in deloping the headistibution
systems in theirwn counties. This work
looks d the poblems pimarily from the
standpoint of the erigeer The husiness
badground is discussed to thetent

necessarfor proper undestanding

Even tetnically discussion is coirfed to the
planning and conaiction of pipelinesdr hot
water and notdr steamThe issues wolved in
themal genegtion or customes sevice
installgions ae touded on on} as thg affect
network planning

The pesent handbook is intended tayide
engneess with stimulus for their eeryday
planning vork. It will have adieved its
purpose if it saes them fom having to acquie
some cosil knovledge or other on theirven.

As far as the @anizaion of the contents is
concened the handbook discusses the basic
aspectsequird for network planning in the
initial sections (up to and ihaing Section 5).
In Section 6 thegader is tyen a look athe
technical and economic pametes which most
affect netvork engneeiing. This is intended to
provide a suficient overview from which to
recagnize the most tubdesome éctoss in the
welter of interelated aspects.

Section 7 deals with the gress of netark
planning itself The irst geneal pat discusses
the \arious stges in the engeeing aspects of
planning vhile also desdbing the lusiness
situdion and its implicdons on constrction
costs. Other tdmical discussions wolve a
detailed look asystem kdraulics as wll as
issues elating to stuctural engneeing,

themal insuldaion and &en opeating costs.
Lastly, Section 8 discusses pipeline
engneeing focussing on the Yéng of

plastic- shethed pipe Other pipelging
techniques a discussed oylas an adjunct.
Thete is also discussion of special components
involved in distict heding lines sub as
compenstors, inspection bambes,

themal insuldion etc

The case stuydin Section 9 is designed to
illustrate the peceding theatical sections.
The handbook cohades with the equisite
bibliographical daa and editaal information.
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Bend Pipes (1996 N3.2)

Intr oduction
Bend-pipes @& components of prinsulded
bonded pipes madedim staight pipes
bending Bend-pipes ha deaty larger radii
in compaison with bends:

» Bend-pipe adius > 50 x Dsteel pipe

* Bend adius

The use of bend-pipes is piaulady advisable
when the best possélay out requires a lage
radius. If br ekample the bend of a skt is to
be followed bend-pipes dér a la out
possibility which means the {gest ependitue
with regard to installéion lengthsconstuction
site and compensan expenditue with the
corresponding adius.

At the realisdion of changes of diection with
pre-insulded bonded pipes nmally 3° kinks
are gplied for small angles. Lager dhanges of
direction (eg. 3C°) can be ealised without
staical test ly applying several 3 kinks with a
minimum distance of 6 m. Keever, only
reldively large lay out radii (R - 114.6 m) can
be ceded this vay (see pictue 1-1).

10 x 3°- kinks per 6m pipe

2,

5
50
5
SO
)
nggmu
5
Wo'g wo 9 WO

1146 m

Picture 1-1:Example of a 30change of dilection with
10 x 3 kinks per 6 m of stight pipe resulting lgy out
radius R = 114.6 m.

This radius is indpendent of the pipe
dimensionAt DN 100 the installgon radius is
realised with 3kinks for about 1000 * Dsteel
pipe compazd with a minimal bendingadius
at DN 100 of 15 mthat is 130 * Dsteel pipe
Bends fequenty cannot be useaf sud lay
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out situdions for the \ery high loads on the
little radius of the bendBend-pipes on the
other hand belva medanically almost lile

straight pipesthe load on the bend-pipe is
hardly higher than in the stight pipe Bend-
pipes ae theefore virtually ideal installion

=1.5t0 2.5 x Dsteel pipe elementsdr changs of diection betveen 158

and 70.

The admissibility of bendingt@old installéion
is differently assessed in Geary. At field try
outs & Femwéameversoigung Dinslakn with
contiruous fows in cold installed 3kinks a
tempeesture lift of 120 K was measwd
Further paametic FEM calculdions pioved,
tha at this tempesature level only installdions
without kinks ae pemitted Changs of
direction then had to beezated with bend-
pipes.According to assessments of Rumpel the
opinion should be thaold installed kinks with
segment angles up to’Tettainly are dle to
resist the full tempeture lift without laiger
deformdions.

Bend-pipes & no standaised components
and ae theefore differently laid out and
marufactued resulting in diferent smallest
radii for bend-pipesdr different
marufactuers. The diferences in penisside
bending adii dgpend on one hand on
calculdion methodsand on the other hand on
applied methods of marfactuing. To get a
summay of the bakgrounds of the déred
bend-pipesthe manfactuers became a
guestionnaie on bonded pipes with the topics
» Laying out of bend-pipes,

» Manufactue of bend-pipes,

» Econony of bend-pipes.

The fllowing explandions ae based on the
evaludion of this questionnagrwhich was
angvered ty the manfactuers:

e Pan-Iswit (Gemary),

e ABB-I.C. Moller (Denmak),

e Tarco (Denméak),

« Powermipe (Sveden),

* Isoplus (Austiia) .



Summary

Bend-pipes a virtually ideal install&ion
elements since tlgeare mebanicaly more
trustworthy than staight pipes and &r high
freedom of installdon by allowing mary
curve angles.

There is not ag nom intemationally for bend-
pipes in vhich the smallest peritted bend-
pipe radius is steed Therfore maly different
smallest admittale bend-pipeadii ae staed
by different manifactuers. These smallest
radii ae patially marufactuer conditioned
patially due to diferent installéion processes
of bend-pipes. Due to planningealy smaller
bend-pipe adii often ae possike than those
offered by the manfactuers. In the plannes’
vision this is ery un-saisfying.

Therefore all leading Ewspean maufactuers
of pre-installded bonded pipeseawe adiressed
for the questionnaérin the contet of this

essd on lay out, production and cost of bend-
pipes. fve mamufactuers from Denmak,
Austiia, Sweden and Gemary have ansvered
this questionnag:

Answers concening laying out of bend-pipes
confirmed peliminaly expectdions for large
differences with egard to citeria for lay out
and the bend-pipedii resulting The example
endosed in the questionnairof a bend-pipe
DN 300 with a adius of 20 m shaes these
differences featy. The smallest bending
radius br sud an installtion the
marufactuers needed up to 50 rMhe
indicated citeria for the install&ion differ
grealy, now the "highest allovable eath
pressue” was mentionedhan the "highest
allowable compession in the PURoEm”.

A unity of ciiteria for installdion seems to be
needed wgently to remove the pedominant
uncetenties.

Cleaty smaller diferences maufactuers
shaw a the manfactuing of bend-pipes.
It is the sametagpractical all manfactuers:

* Up to the dimension DN 80 bend-pipes ar
produced on the consittion site with the
help of tanspotable bending tools.

» For lamer dimensions (> DN 100) bend-
pipes ae mamfactued d the fctow, in
which in piinciple up to a dimension of
approx. DN 200 the complete pipe is bent.

» For dimensions lager than DN 250 as e¥
complete as gamte bending is @ctised
Bending the complete pipe is limiteg the
compession of the PURom and # the
lateral displacement of the PE casivghen
bending sparately the smallest bending
radius is detenined ly the bendingdrce of
the casingTherefore & small bendingadii
the PE casing is edged by some
marufactuers by welding sgments.

« At all dimensions elastic bending in the pipe

trench on the constrction site is possib
for several pipes vhich are welded tgether

Costs br bend-pipes maractued 4 the
factoy were indicaed by marufactuers as
additional costs peentaes in elaion to
straight bonded pipe3.he pice magin of the
marufactuers goes up to 200 % &ém 115 %
in which 100 % aply to the staight pipe
Single manfactuers hare mentioned fce
details dpending on the dimensions of the
pipes. On theaerage one can use the
following adlitional costs ér bend-pipes:

< DN 300 120 - 130 %
DN 300 - 600 140 - 160 %
> DN 600 160 - 200 %

The econom of use of bend-pipes with
assumedltangs of diection & two examples
of 45° and 15 are not ejected

In condusion a curent poject expelience vas
descibed to eveal poblems tha may appear
at using bend-pipest@ DN 800 tanspot
pipeline
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Execution of connections to pipelines in opation

(1996 N3.3)

Intr oduction
The epansion of distct hed suppy to aeas

with low heda demand equires a consistent use

of all possibilities to cut cost# the pipeline
constuction too. One of the possibilities
examined in this wrk is the breceful
application of diilling-in techniques on
pipelines in opettion.

The essential use of this tewlagy is the
production of aditional connections. iFst
shall be evealed with anxample thathe
drilling-in technique in pinciple ofers a cost
cutting potentialThis allovs aleads for a
reduction of the bilding costs aithe planning
of the distibution netvork where & larger
dimensions aatiety of shut-of amaures
requires consideble investments.

A reduction of the conasiction costs is
possilbe becausebthis gproad one can do
without installing connection supgarozzles
for all potential customsralong a main
distribution line Mary nozzles ppear to be
abundant l&er on. Constiction costs can be
limited this way too because the time needed
to realise connections with theilting-in
techniques is ery limited. It is even possile
to crede open wrks which can be opeted
with simple saéty measues.

Opewtion costs can besduced ¥ this dilling
technique vhile the distibution compawg has
no losses ofaverue due to loner fall outs of
opemtions. No costsgpear br emptying and
filling of additional pats of the netwrk.

The dilling-in technique is not used as often
as possile. Goal of this gaminaion is to
present and to compain function and
handling all common dling-in techniques on
the Euppean maeet. Next to the desdption
of the tetinolagy are pesented the limits of
use oppotunities and mikers of seclity on
the job A comparson of costs of thevailable
drilling-in technigues is in the coificsion.
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Summary

The «ecution of connections to pipelines in

opeition is a poven tetinolagy for long time

in the feld of gas and ater and is used mer

and moe in gplications in the ield of distict

heding. The adantayes ae dear:

* No more emptying the pipeline

» Hea distibution is not interupted

» Constuction of netverks is possile
without a \ariety of shut-of devices and
inspection bambes. Dilling-in is a fast
and inepensve tecinolagy.

* Repair of damged pipelines possié by
drilling-in without interrupting the sevice.

Welding the ditling suppot & the flled-up
pipeline was seendr long time as the itical
point for the gplicaion of the dilling-in
technique In a detailed esgeof the
TechnischeWerke Stuttgut (TWS),in co-
opeition with theTUV, welding to vater-
filled pipes vas examined and the cohusion
was tha with cettain requiementsg.g. the use
of specifc electodes,a suficient welding
seam quality is obtaine@from a welding point
of view nothing opposes illing-in.

Five manfactuers altmether ae pesent on
the maket with equipment to ede
connections toilfed pipelines without
interruption. At this time two piincipally
different pocedues ae ofered:

¢ The dilling-in and milling pocedue.

e The sheaoff procedue (firing-off).

The dilling-in and milling piocedue is ofered
by four mamufactuers and uses a milling iir
in combindion with a cente dill f or milling
the pipe vall. The pocedue requires a dain
amature which is either connected éictly
with the dilling-in machine (a so called din-
drill-machine) or is sparted from the actual
drilling-in machine and connected to The
drilling-in machines ae on the maet for
several yeass patially and hae pioved
themseles & a ariety of dillings.



At the sheanoff procedue the pipe all is
sepaated by means of a cuttingub . The
ripped of pipe wall is caught in the system-
unit cover. The cutting tub is acceleated ty a
priming medanism therefore it is called
"Anschief3en” firing off. The fring-off is a
new development and has been on the kear
only for a shartime.

The limitations of the diling systems a&
endosed ly:

¢ Max. Tempesture Approx. 130°C

* Max. Pessue Approx. 16 - 25 bar
« Max. Dill size DN 400

Therefore all ae gplicable in nomal distict
heding installdions.

For firing-off an especiayl dimensioned piece
of equipment isequired for every combinaion
of drill size and main pipeline szThe
connecting dimension is limited to DN 25/32
and the main pipeline to DN 80.

A comparson of the costs points out tha
prices br purchasing a diing macdine with
appliances difer gedly and ae had to
compae while the mahines do ceer different
dimensions. Rees \ary from DM 6.000,- to
DM 40.000,-.

A comparson of the costsof producing a
connection has shm tha the dilling-in
madine of TONISCO is the most economic
one and thiasheaing-off is the most

expensve. It should be consided though thia
a dilling-in closure with a ¢osing disc is used
at the TONISCO system as din amaure
which is very inexpensve compaed to other
amatures. Saédty reconsidegtions oppose this
system since a totalasenesstadrilling cannot
be guaanteed

The sheaoff system hwever is moe
advantayeousy compaed to dilling-in only
than if a distibution compap practises onl a
few drillings per anmm out or if narow
working space xcludes the use of aitling-in
madine

Doubts on gounds of tebnical saéty ae
further agument gainst the diling-in
techniqgue Demands of &de oganisdions led
to requirments ér a constuction admittance
for dilling-in machines in vhich the
equipment is lseked for tednical saéty and a
clearance cdificate is emitted

Exact dhiedking guidelines a¥ in pocess bt
not yet formulated

To sum up

Drilling-in is stating to become a équenty
used tebnolagy in distiict heding.

It facilitates the ppduction of an adgitional
connection without inteaption of sevice.
The equipment ééred on the met has
patly proved it self alead for years and
there ae dedicéed mabines and prcedues
for almost gery case in distct heding.
Tedhnical sakty lisks hae to be tassifed
low under considetion of speciic
requirements.
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Quantitative hed loss detemination by means of
infr ared themmography - The TX model (1996 N4)

Summary

This repott is the fnal report of the IEA
District Heding Pioject,Annex 4,
“Supewision of Distict Hedaing Networks.
The aim of the mject was to futher anajze
and \erify a method deeloped edrer for
detemining the hetloss fom kuried distict
heding pipes ly measung the tempetture
profile on the gound surhce dove the pipes.
The tempesture measwments can be made
by means of infared (IR) themography using
equipment sut as moder IR themography
cameas.

The eport descibes the wrk done in thedur
co-opeating counties Denmak, Finland,
Sweden and USAdr verifying the TX model
estdlished in vork performed in IEA,

Annex 3. The TX model lypothesies thathe
tempeature distibution on the gound surace
above the pipes coesponds - under dain
circumstances - to the hdass flom the pipes.
By including the major infiences of the
climate, especial of the wind and the
chandng surfice tempeture, we have deived
a semi-empical equéion for the hetloss
when theTX factor i. e. the intgral of the
surface tempeature piofile acioss the pipgs
measued This model is called the adnced
TX-interpretaion modelATXIM.

Two kinds of ivestigations hae been
performed duing the \erification phase:
Simulations and epeiimental @aludions on
test felds.

Simulations hae been pedrmed with a ihite
difference pogram sinulating the hetflow in
the gound and beteen the gound suréce and
the suroundingsA computer pogram
developed edier was modifed for reading
actual vegher daa based on holy mean
values.The piogram was useddr sirulating a
multitude of cases with diérent dimate and
soil conditionsAs a esult of these studiesew
detemined thathe wind is a gty important
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parameter decting theTX value By induding
the mean wind elocity of the last 7 hosrin
the ATXIM, the @reement beteen the
simulation andATXIM could be signifcantly
improved Other impotant paametes ae the
burial depth of the pipesand the bang of the
pipe tempeatures duing the peceding veek.

In pallel, expeiimental &aludion of theTX
model was caried out on testiélds in the dur
counties with pipe systemsther healoss
was monitoed s@arately. In these testdlds in
Denmak, Sweden and USAtempesture and
enegy losses could be monitd contimousy,
and in some cases also thé factor could be
deiived ty measuements of the suate
tempesture piofile with tempeature sensa.
We discoered however, tha IR measuements
are the mosteliable way of measung theTX
factor When theATXIM was gplied to IR
measuements of th@ X factor on the thee
test felds,and also to &X evaludion of
eafier measuements on a tesield caried out
in Finland the esult was in easonble
agreement with the hedosses meased in
corventional vays.

Hence it can be cohaded tha under cetain
well contwolled conditionsthe healoss of
pipes in distict heaing networks can be
detemined quantittively by analysing the
TX proofile. The TX profile is best measaed
using an IR thenography camea, of which
there ae a umber commarially available.
The surbce nust be unibrm over the
integration width which should be beteen
3.5 and 5 mThemography can be pplied
a both night and daconditions but the
surface of the test aa nust hae been
irradiged unibrmly duiing the last hoyr
preferably longer. Wet surfices andain
conditions nust be soided Grass surces
and ungen suréces a difficult to evaluae.
If these caeds ae obseved it is expected
tha measuements will ahieve an accuacy
within + 20%.



Intr oduction

In those countes which have used distct
heding for mary yeass, a nev concen has
recenty aisen:Cettain distict heding
networks ae gproading the end of their
technical lifetimes and the he&oss in older
piping netwrks has the potential to irease
significantly. In order to datt the equirements
and esouces br maintenance measg,it is
important to be ble to diaynose the conditions
of the piping netwrk, most impotantly the
hed losses fom the pipes.

Historically, several different methods hee
been useddr detemining the hetloss flom
buried pipesA suivey of these methods is
given by Borgstrom,1991.The most
commony used method of measog hea
losses fom pipes has been to &kut a pipe
specimen to the boratory and to measerthe
hed loss in a contlled steag-stae
expeiiment. Sub type of meas@ments of
different types of pipe systems lading water
pipe, insulaion and outer casing has been
performed ly Calsson et. al. 1963. In these
expeiiments,tempesture sensa and veter
flow metes were used ér detemining the
overall hed loss flom the pipes.
Jonasson,198@)as perbrmed meas@ments
on pefabricated joint pipes ® essentiail
measuing the tempeature difference betwen
distribution water and pipe casindgogether
with air and gound tempeature, by means of
themocouples and compgag the esults with
theoetical xpressionsifting the ight set of
parametes. Phettplace et al.1991,has
conductediéld expeiments compang several
methods of measimg hea losses on opeting
systems. BennBghm,1990,introduced heta
flux metes for measting the hetloss fom
buried pipes and comped theseasults with
results calculieed from the meased
tempeesture distibution in a section
pemendicular to the pipdhe poblem of hea
flux metes has beenttibuted to their
calibration with the surounding (unknan)

ground popeties. Magaretha Bogstrom,
1994, made a ery detailed stug of the het
loss flom prefabricated pipes § means of hda
flux metes. In this case heever, the pipes
were locally uncorvered from all soil and hence
the surounding media as air and a ell

known shielding insuléon.

One other method ineasingy used ér
qualitaive healoss detection and s$tes
contmol of distict heding networks is based on
airbome and gound bone themography. In
this method the maping of the gound
tempesture can be used tawg qualitaive
informaion aout the netwrk condition,
mainly with the aim of ihding leaks ( Basdh,
1979; Ljungbeg, 1987; Hansenl987).These
techniques ely primaiily on rlaive thanges
of the tempeature patem along the pipe

With the help of mae refined anaftical
methods it should be ultinely possiltte not
only to trace leaking media pipelsyt also to
detemine the condition of the insuian.

In the quantitdve hea&loss anajsis, it is
presumed thiathe tempeature piofile on the
ground surice &ove the pipesmeasued in
the dilection pependicular to the pipe
alignment,is related to the pipe hedoss.
The basic idea is th#he intgyral of the
tempesture \aiiation acoss the pipgecalled
TX, is a function of the h¢doss. Obiously
TX is also affected ly other paametes sut as
depth, hed diffusivity of the gound and so on.
By including all of these pametes in an
interpretaion model it is poposed thone
may detemine the amount of hedoss
guantitdively and hence to éw condusions
about a potential dange to the potectve
casing or the pipe @ers, 1989; Rerers and
Jonsson1990). kgure 1 illustetes this basic
idea.

A more detailed anghkis of theTX model was
caried out within the IEA - DH&C Rigram -
Annex Il and reported ky NOVEM (Jénsson,
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Figure 1: Themagraphy of turied distiict heding pipes and th&X-profile.
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Zinko, 1992).The ana}sis was based oridld
measuements aStudsvik and on argund
simulation model thaused ihite difference
techniques in combirteon with a model
climate. The esults vere also tested in a
limited field gpplicaion.

In addition to a plysical desdption of the
pipe and of the suwunding gound the fnite
element model ifodes feezing and
evaporation of water in the gound and on the
surface solar adiaion, snaw, rain,
condenston, corvection,wind, and the
exchang of IR ladigion between the gound
and the tmosphee and the suoundings,
respectiely. However, the intepretaion
model - called’X-model was deived for

a limited set of conditions casponding

to varations of some of the pametes
discussedlzove.

The objectie of this phase of the gject is to
further deelop and erify the method of IR
hed loss @aluaion on distict heding pipes ly
means of th& X-model to detamine its
potential and limitdons for detemining the
staus of pipes and its posstbuse br planning
sewrice and maintenance on the netkv

The work which has been caed out indudes
the following items:

* Installdions of test sitesof TX-
measuements in diferent counties

* Modelling of test-sites with thergund
model sinulation program

« Expeimental \erification of the model with
test-feld results

¢ Refining the model ® systeméc sensitvity
studies

* Applicaion of theTX model in IR feld
suveys

Condusions and Recommendidons
The following condusions and
recommenddons can be @dwn from our
findings:

The poposed modeldr quantitéive
temography anayses has been shio to
expand the ange of gplicability of
corventional themography evaluaion. The
TX model epresents a possibilityof the
guantitdive (instantaneous) deteination
of hed losses fom kuried pipes.
Themography duting exposue to long
wave and solaradidion is possike if the
surface is unibrmly exposed to the
radigion and if it has a unifrm emissiity
within the surfce aea to be angked The
TX model can beplied under suitale
conditions &both dg and night.

It has been shen tha the wind has aery
strong influence on the instantaneoliX
factor It is induded in theAdvancedT X
Intempretaion ModelATXIM. TheATXIM
includes wind conditions durg the last

7 hous bebre the themography
measuementsThe model is grified for
wind speeds up to 10 m/s.

Rain conditions and &t and dying surfaces
as vell as fiost in the gound ae not
suiteble for quantitéive healoss anajsis
using theT X method

The following paametes ae induded in
the ATXIM: Average wind speed\er the
last 7 hous, the themal conductiity of the
ground the hurial depth of pipesand the
integration half width X.

Factoss tha can be optionaflincluded ae
the dhanges of the sugce tempeature
during the last 5 hogrand of the pipe
tempesture duing the last wek.

The themal conductiity of the soil has - in
contrast to a common opinion - gn&
relative small infuence on the hédoss.The
exact soil composition and thelue nust
not be knavn precisey for detemining the
hed loss.

Expeimental \erification of the model
included a dpth of 1.1 m and an ingeation
width 2X up to 5 mThe hurial depth of the
buried pipes is an imptant paameter and
should be knen as tosely as possile.
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¢ The plysical popeties of the sudce lger
and the sudce itselfas well as the .
irradigion, must be uniérm.

¢ Asphalt shingles ere shavn to be useful as «
a reference cwer on non unidrm surfbices
or surbices with undéfied plysical
propeties.

» TheTX model cannot bepplied on gass
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surfaces and uwven suréces.

The eror of the model should under
suiteble conditions be withirt 20%.

We recommend fuher evaludion of the
applicdion of TX model as gpressed ¥ the
ATXIM in the couse of pactical feld
themography suwveys in oder to deelop the
procedue for a cameaa-integrated TX option.



Efficient Substdions and

Summary

As pat of Annex IV of the Intenaional
Enegy Ageng/’s Distict Heding and Cooling
Project (IEA-DH&CP),a pioject called
Efficient Substdions andl nstallaions ESI)
has been pesfmed

The main objectie of the poject was to
develop moe eficient consumer hé¢iag
systems in commeial huildings, where
heding enegy is supplied i distiict heding
(DH). The needdr moe eficient systems has
increased in@cent yas, as lav tempesature
DH is consideed to be &vourable in a futue
perspectve. The poject stetegy was to
undetake a systenti, theoetical stug of the
design of consumer hiéiag systemsbased on
themodynamic anajsis. Then some basic
system cornifurations were chosen which
male the best compmises betwen
theoetical gals and pactical limitaions.

To document the pesfmance of thelwosen
systemsa sirrulation tool was needed

This was done with anx¢ended and impwved
version of the simlation program called
CHESS (ConsumeHeding System
Simulation) which was brmetly developed in

Installations (1996 N5)

Annex Il of the IEA-DH&CP. The tended
and impoved \ersion of CHESS is called
CHESS-ESI

The theoetical studies lead to the cduasion
tha the common systerwhere sevice water
is heded in two steps, has the potential toie
the maxinum cooling of the DH-ater. This
basic concpt for sewice water heéing was
therefore chosen as a paof the nev systems.

Three altenaive pincipal system
configurations for space hdang were
evaluaged in CHESS-ESI:

System 1Ventilaion heding coil and adigor
system connected in el on the
seconday side of the hdaexchanger
(Used asReference systemih the
documenttion of the perdrmance
of the nev systems since this system
is common todg)

System 2Ventilaion heding coil connected in
seiies with the adigor system on
the secondarside (See igure 1)

System 3Ventilaion heding coil connected in
seiies with the adigor hea
exchanger on the gmary side

Figure 1. System 2éentilation air heding coil connected in s&rs with the adiator system in the secondaside
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From the theaetical studies it &ws deduced
tha thee should be an optimal seconglar
suppl tempesature which would gve the
lowest pimary outlet tempeature from the
space heing systens hea exchangr. From
simulations, the optimal secondarsuppy
tempestures could bedund br the actual
conditions,as demons#ted for System 2 in
Figure 2.The wverall condusion from these
simulations is th& every individual space
heding system in pactice has itswen optimal
“heaing cuwve” which nomally is a nonlinear
function of the outside temzature.

The sinulations sheved tha for Systems 2 and
3 a small moditation of the \entilating

heding coil design could sigridantly increase
the cooling of the pmary water. Figure 3
shaws the cooling of the pnary water acoss
the space héiag hea exchanger by optimised
heding cuves and a modid ventilating
heding coil design ér the thee pincipal
systems in CHESS-ESI.

In these simlations we hare a comentional
high tempegture DH-system with 120C
design tempeture and 8C°C pilimary suppy
tempeesture in summer

60.00 T I
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Figure 2: Primary retum tempeature fom space heang
hea exchangers as function of secondasuppy
tempeature for System 2
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Figure 3: Primary tempeature diference ér space
heaing system with optimeézl hedéing curves,high
tempeature DH-system.
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Modem DH-systems will nanally be
designed dr lower pimary suppy

tempestures compard with old systems.
Figure 4 shavs the esults br similar
conditions as in igure 3 lut nov with a lov
tempesture DH-system with a constant suppl
tempeesture of 70°C throughout the gar

In practice the cooling of the DH-water in
consumer instaltdoons is a ery important
factor br the total econognof DH. It will, for
instanceincrease the gaacity of the gpensve
DH-pipeline systemand educe the cost of
pumping the hot ater. The total cooling of the
DH-water acpss the consumearinstalldion
depends to aga extent on the amount and
naure of the sarice hot vater consumption in
the actual bilding. The CHESS-ESI
simulations were caried out br typical
conditions ér an ofice tuilding and a hospital
building for the thee system coigurations.

For the same conditions as ilgkre 3 and a
two-step system dr the sevice water heding
the esults br System 2 and 3spectiely
shawv about 11% and 18% inease in the
“annual wlumetic mean tempeture
difference”for the ofice huilding compaed to
the tiaditional“Reference system'The
equivalent \alues br the hospital bilding for
the two systems ware dbout 8% and 13%
respectiely.

For the casestave, a decease in thédesign
primary flow” for System 2 and Zspectiely
were found to be bout 8% and 17%of the
office tiilding and &out 4% and 9%odir the
hospital liilding compaed to the eference
system.

Simulations induding sevice hot vater were
also caried out br a lov tempeature DH-
system.The tesults of the simations for the
actual systemshave, and a constant pnary
suppl tempesture of 70°C, shav an incease
in the anmal wlumetic mean tempeture

difference of Aout 12% and 16%of the ofice
building and &out 8% and 10%of the
hospital lilding, compaed with the eference
system.

For the lav tempeature casethe decease in
the design pmary flow for System 1 and 2 is
more signifcant than ér the high tempeture
case The esults shey a decease in the design
primary flow for System 1 and 2spectiely

of about 9% and 21%of the ofice kuilding

and dout 13% and 27%of the hospital
building, compaed with the eference system.

The sinulations in this poject ae done with
a two-step system dr sewvice weter heéing.
The CHESS-ESI p&age my also sinulate
a one-stp systemdr sewice water heding.
This is abieved ty setting the ara of the
prehed-exchanger to zro (see kgure 1).
The space h¢iag system can also be
simulated with ldigor system onl.

This is abieved ty closing the heting coil
contmol valves.

Intr oduction to the joint report

The main objectie of the pesent vark has
been to deelop moe eficient consumer
heding systems in tildings where the heting
enepy is supplied @ hot water distict heding
(DH). The needdr moe eficient systems has
increased in the tast years due to éct tha

low tempesature DH is considexd to be
favourable in a futue pespectve. *

The cooling of the disitt heding water
delivered to a hilding is directly affecting the
cgpacity of the DH netark and is one of the
most impotant factoss to educe the total cost
of DH. The work in this pioject has thefore,
to a ged extent,been bcussing on tha
problem.

In the poject Eficient Substdon and
Installgions (ESI) the sttegy has been to
systeméc, theoetical stugr of design of the
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consumer heimng system based on the
themodynamical gounds. Fom thee some
basic system coigfurations were chosen viich
presumaly male the best compmises
between theastical and pactical gals.

To document the pesfmance of the lrosen
systems a simlation tool was neededror this
purpose it vas planned to use artended and
improved \ersion of the simlation program
called Consumer Héiag System Simlation
(CHESS) vhich was deeloped andeported in
the formerAnnex Il of the IEA-District
Heaing and Cooling Riject.

It was considexd tha there was a special need
for validaion of the heting coil model in the
CHESS pogram, and it was decided to do
some vork on tha topic.

From the starit was decided thighe ESI-
project should be pesfmed as a joint mject
between SINTEFLTH and a verk group with
close connection to the Umrsity of
Sask#&chewan.

On this bakground and ér tednical leasons it
was bund gpropriate to male the joint eport
in the Pllowing three pats:

PART I.  PerformanceAnalyses of Eficient
Substdions and Installations.
PART Il : Discussion of Lav Temperatur e
Substaions -motives,state-of-the-
art and some ley issues ér
progress.

PART Il I: Validation of the Heaing Coil
Model used in the CHESS
program.

The ettended and impwed \ersion of the
CHESS is desdred in pat | of the joint
report, and the ne simulation program is
calledCHESS-ESI
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In the gpendix to the jointeport you will find
a biief introduction to the use of CHESS-ESI.

A diskette with the gecutive plogrammes in
the CHESS-ESI p&ege ma be equested
from NOVEM, the opedting agent for the
IEA -District Heaing and Cooling Riject,
Annex IV.
PART I:  PerformanceAnalysis of Eficient
Substaions and Installations

Intr oduction

In the seash for more eficient consumer
heding systemsdr distict heding, a tool to
simulate the opeation of different system
configurations is useful toalude the
performance As mentioned mviously, the
CHESS simlation concgt was deeloped in a
former pioject under the IEA- Disitt Heaing
and Cooling Rrject (Hjothol and Ulseth
1992).To perbrm the ngv simulations in the
IEA-Efficient Substidons and Installéon
project,a futher derelopment of the CHESS
concet was needed

The nev simulating tool thd is presented
and used in the psent poject is called
CHESS-ESIWith this d/namic sinulation
tool we ae ale to sinulate the complete
heding system within auilding connected
to a distict heding network on a "standat”
PC of toda.

CHESS-ESI -A computer tool for analysing
district heating substaions and heding
installations

As previously noted the CHESS congg
originated in a brmer IEA-Distict Heding
and Cooling poject ieported inAnnex Ill. In
this pioject the congat has been ftiner
developed into the siodation tool, CHESS-
ESI. The pupose of this deslopment has been
the need to siolate the opeation of nev
consumer hdang system condurations to test
their perbrmance

The former \ersion of the CHESS pgram



was limited to epresenting the space hizgy
system with oneiXed system coiguration.
This was patly due to settings in the saar
code of the CYPRS equéion soler tha
limited the umber of component modeksnd
patly due to the speed of memal computer
at the time

The CHESS-ESI system modelslumte both
space hding and hot \ater peparation.
Hence the umber of component models has
increasedTo do so the soue code has been
modified. Additionally, the paameter tet has
been adjusted as atteanpt to impove the
user interbce

An evaludion of the CHESS fgram sheved
that further derelopment of the component
models vas equited In CHESS-ESI some
models ae theefore futher deeloped and
some ae adjusted compad with CHESS
The heéing coil model has been specyall
evaluaed in the work by Johnson and Besant
(1995),which is found in Rt 3 of this eport.
Their sugyestions 6r improvements hee been
taken into account in the hiag coil model
developed 6r CHESS-ESI.

CHESS-ESI consists of the pmncipal system
simulation modelsThe frst is a eference
system and te have been deeloped as
attempts to impove the perdrmance of the
consumer hemng system.

Condusions

From the discussion of the case studieava
it seems @asonble to diaw some conlcisions
that are walid for these system cdgfirations
in geneal.

In distiict heding substtions with indiect
connectionthe heéing cuwve, which sets the
secondar suppy tempesature should be
optimized to gve minimum piimary retum
tempeesture. If a seral connection is used on
the secondarside like in System 2the
optimizaion is specialf profitable due to the
shap optima.

The optimal heting cuwve is gneally not
linear In corventional paallel systems,
however, a linear heting cuwve can be used
without ary major incease in gmary retum
tempeature due to thealatively flat optima.

Due to the diference in etum tempeatures
from the adiaor system andentilaion
heding coil systemthe optimal heing cuve
will depend on theatio between the hda
loads.This is speciall the case Wwen the
recirculaion coupling is used on the hiey
coil as in System 12 and 3. Since thestun
tempeesture is constant &m this connectiorit
will favour low secondar supply tempeatures.

Seiial coupling of mdigor system and héag
coil has a potential toige a considable
increase in pmary tempeeture difference br
the space héiag systemTo maximiz the

gain from this connection the tempgire

levels of mdiaor and heting coil systems need
to be hamonized

If the seral connection is to be used on the
secondayr side as in System 23 lover design
suppl tempesture necessitas a lager
heding coil to mach the systemWhen the
heding coil is connected in ses on the
primary side as in System 3he design suppl
tempesture for the heting coil can be aliwed
highet

The impoved etum tempeature from the
heding coil coupling is mae piofitable for the
seiial coupled systems thaorfthe
corventional system in pallel. For the seal
coupling on the pmatry side the ietum
tempeesture has diect infuence on the
primary retum tempeature. Since the mainal
costs of deaasing theetum tempeature from
the heéing coil ae small,the seial connection
provides a cost étient way to maximiz the
tempeeture difference

The anmwial average perbrmance of the disit
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heding substton can be considably
improved ty introducing a séal connection
between adigor and entilaion air heéing
system.

Improvements on the space kieg system a&
most pofitable for buildings with lov sewice
hot water consumption. & buildings with
high hot vater consumptionthe pimary water
can be cooledgainst the cold seice weter
tempeature.

The designlbw from the substin is
deceased P using the seal connection. Br
low tempesture systems with constantiprary
suppl tempesture, the potential deease in
design fow is consideable. For the sinulated
low tempesture case the desigiofv was
reduced in theange 20% to 30% comped
with the Reérence system.

For most systemshe etum tempeature from
the space héiag system will be sticiently
high & design conditions toige a peheding

of the sevice hot vater thd reduces the design
flow with a two-step hot water pieparation
scheme

PART Il: Discussion to Lav Temperature
Substdions : Moti ves, State-of-
the Art & same Key Issues.

Objective

Substéions povide the interce betwen
district heding (DH) networks and intemal
distiibution systems indildings. This pat
report indentifes some types of thoolagical
solutions viich have favourable
thermodynamic popeties,i.e. they are in
accodance with anerall move in DH
practice tovards opeation with 1ov network
tempeatures.

The substtion types consided hee ae
modifications of well-estdlished hea
exchanger assemlly types dund in
Scandingian lon-tempesture hot vater DH
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networks. This tradition has also been the
stating point or an IEA-stugt performed &
NTH/SINTEF inTrondheim,Norway, to which
this work pgper is elaed

Before enteing into the discussion of the
selected tdmolagical solutionsthe basic
premise of lev-tempesture solutions is
discussedin order tha the cus of inteest is
seen in a @per pespectie.

Motives br low temperatur e opeiation

There ae maly aguments indvour of lov

DH network tempeatures.As a frst

classifcation the bllowing main aguments

can be listed:

1. Improved genestion plant perbrmance

2. Reduced hddosses

3. Reduced crulding water flowrate (& lower
retum water tempeature)

4. Cheger pipeline telesnology

Low network tempesatures can be ddeved by
a combingion of various toices and
measues. Some of the assotdd decisions
may cause in@ased imestment costyhile
other decisions nyaresult in laver netvork
tempestures without aded cost. Br instance
network tempestures can be lwered ty
installing bigyer radigors in connected
buildings,a measue which deaty will
increase imestment costs. In comait,more
themodyanically efficient substion
connection seemes mresult in laver
network tempeatures without necessty
calling for moe epensve equipment.
Ultimately, of course investment costs will
increase belw cettain netvork tempestures,
so tha a tade-of must be made hen
deciding on the @propriate tempesature level.

Below, eat of the 4 main tiractions listed
above will be commented on shiby. It will be
seen thain some instances@guments peain
both to brward and etum tempeatures. In
other caseq cetain agument is kaly
linked to,either a lav forward tempegture, or



a low retum tempesture.

Ad 1 (Improved plant performance):

The stongest agument in &our of low
network tempesatures pobably is tha low
network tempesatures can be utilied for
improved CHP plant pedrmance In the nat
section thisdct will be dealt with geartely,
along with tempeature consideations for
centalized heapump plants.

Even with he&only genegtion, however, there
may be benefs. A patticulanly interesting
instance of this occarmhen tempeatures
become lav enough to mak recovery of latent
hed from comlustion gs water vapour
possilbe. Depending on the sbof fuel and the
type of genegtion plant,this becomesdasilie
at tempeatures belav typically 40 — 600 C.
Sud a fcility, which is pimaiily made
possilte by a lov DH retum tempeature, may
result in a boiler diciengy in excess of 100%,
based on the Weer caloific value of the fuel,
as is customarin Euope when specifying
boiler eficiengy.

Ad 2 (Reduced hetlosses):

For a gven DH netwark opegting & varying
water tempegture level, as a irst estiméon it
can be assumed thiaed losses a
propottional to the diference betwen the
ambient tempeture and the @hmic mean of
the forward and etum water tempegtures.

When assessingauations in hetlosses &
different tempeature levels in a design
situdion, things become a little mer
complicded, although as with di&ring
opemting tempeatures the gnerl tendeng
will be tha lower tempegtures causeeduced
hed losses.

If tf is lowered d@ constant tthe associad
increasedlbwrate for a gven heaload
requires bigier pipeline diameterto estict
pressue lossesThis in tun will increase the
surface aea of the pipes. In thexeeme the

net lesult could be a higher heass.

Ad 3 (Reduced vater flowrate):

If the retum tempeature is lavered e.g. due to
better cooling of DH ater passing subdtans,
the circulaing flowrate becomes smalldior a
given forward tempeature and ér a gven hea
load This will reduce pumping costdue to
smaller pessue diops in pipelines.

The economic alue of sub reduced pumping
costs will dpend \ery much upon the type of
DH network. Even in netverks seving big
cities the pumping peer demand mabe no
greder than a faction of a parentaye of the
hed load seved, typically representing 10% of
the siz of the heblosses. In suta case the
economic alue of educed pumping peer

will be only maginal.

However, in long tansmission lines pumping
power demand maamount to seeral pecent
of the hetlload in which case aaduced
pumping paver becomes mersignifcant from
an economical point of we

Apat from reduced pumping costs tieemgy
be futher bendts to ahieve from reduced
flowrates because of betteripiary water
cooling When in a gven system disitoution
pipes ae allead/ utilized to a maxiram, better
primary water cooling in bildings alead,
connected to the nebsk can ceae
possibilities 6r connecting fuher huildings,
without installing nev distribution pipeline
cgoacity.

Ad 4 (Cheger pipeline tednology):

In classical optimizion studies of DH
network tempeatures,specifc investment
network costs br pipes vere usualy being
relaed ony to the pipe diametewhile the
tempesture in itself was considexd to hae
only minor influence on pipeline irestment
costs.The infuence of thedrward
tempeesture on the costs euld only be
indirect in tha a higher érward tempeature
for a constantatum tempeature would reduce
the fowrate and thesby the diameter i

31



given pessue losses).

This way of representing pipeline irestment
costs in optimiz&éon models is@asonble
when the tassical type of mains thoology
can be pesupposed.e. pipes ag installed in
concete ducts suounded i mineral wool
themal insulgion and ag alloved to perbrm
free themal expansion.

Costs br moden plastic-shieldedbonded
polyurethane insukad pipesand other types
of mains tebnolagy, in contiast tend to
become laver when opegting tempeatures ae
lowered for a gven pipe dimension.

PART IlI: Validation of the Heaing Coll
model used in the Consumer
Heating System Sinulation
Program

Summary

This report is concened with the design and
performance of typical aiheding coils used in
buildings supplied ¥ a distict heding system.
First the method of angis and desigrof
typical finned-tube heaexchanger coils is
presentedand measwd daa is compaed to
simulation results. Unceainties in the haa
rate of less than 5% arxpected

Second thexasting CHESS pgram heéing
coil model is eviewed and compad with the
validaed sinulation model coil simlation
results. If the CHESS model is mddd to
model moe accuately the heaexchang
processes in a typical coit,shovs gpod
agreement with the U of S simetion program.
The curent assumedalues of heiatranser
coeficients,air side hebtranser aea,and air
volume ae not the same as caldgld using the
U of S sinulation model A simulation program
has been jduced thawill calculate the input
values equited in the CHESS modebif a gven
heding coil design. It is shen tha if corrected
values ag not intoduced as input ¢ for the
CHESS pogram, errors of up to 50% can occur
in the overall hed transkr coeficient.

Finally, an optimizd heéing coil design
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based on minimizing the l8fCyde Cost of
the hedéing coil has been detmined

This design has been comedrto a
cornventional heting coil design to she the
oppotunities aailable using an optimal
design.This optimizd coil designesulted in a
coil selection thwas 65% ma expensve,
but the system L#&-Cyde costs vere moe
than 4 times smalleThe main bendfof using
a better designed htgg coil is tha liquid
flow rates can beaduced wich is bendtial
to the hilding owner in laver pumping costs,
and benetial to the Distict Heding utility
which would also see the beiitedf lower
pumping etes.

Intr oduction

The pupose of thiseport is to \alidete the
heding coil model in the CHESS pgram
developed ly SINTEF for the pupose of
dynamic sinulation of kuilding HVAC systems
connected to a distt heding systemA

simple 3 cell model using basic eger
equdions is used in the CHESSagram to
simulate a heting coil.

The poblems irvolved in the incgooration of
a heding coil into the gnamic pogram is tha
the input alues (fow rates,tempeegtures,fluid
and heting coil mass andolumes) nust he
easy to specifyAlso the méhemadical
desciption of the heting coil must not be too
comple in the CHESS mmgram.

This report validaes the use of the hiag coll
model used in the CHESSagram Ly
compaing results to a stegdstae sinulation
model deeloped &the Unversity of
Saskéchewan (U of S).There ae four distinct
steps in the alidation process.

1. The simulation program deeloped athe U
of S is compaed to monitoed lesults to
shaw tha the model used is acate when
compaed to actualifined steggered-tube
hed exchangers.

2. A corventional designed heag coil



specifed by a mamfactuer to meet the
requirements of the siolation example
shavn in AppendixA of the CHESS maual
is used as the basisrfcompaison of the
input values.

3. The CHESS mgram heéing coil model is
compaed to the simlation results fom the
University of Sask&chevan using input
values calculieed from the U of S prgram.

4. An optimized heéing coil design isdund
for minimum Life-Cyde Cost &the same
design conditions as used the
marufactuer for a corentional heting coil
design.This optimum heding coil design
should povide the most economical design
for the liilding owner.

Condusions

It is gppaent tha the model used in the
CHESS pogram is \alid onl if the corect
heding coil input \alues ae usedA validated
simulation program has been geloped tha
produces theaquired input alues needef a
simulation in the CHESS mgram.

The geometic pammetes required in the
CHESS pogram can be calculed knaving
the dimensions of the hiiag coil being used
in the H\AC system.

The dimensions thare required ae:

« Height of the heting caoill,

< Width of the heting coil,

* Longtudinal tuhe spacing

« Trans\erse tube spacing

e Tube outer diametger

¢ Tube inner diamter

» Fin spacing

¢ Fin thickness,

» Fin wave deth, if wavy fins ae used

The other input @&lues thaare required ae:

* Air flow rate Liquid flow rate

* Glycol concentation for freez or lurst
protection

« Inlet air tempesture, pressue and humidity

* Inlet liquid tempeature.

The CHESS mgram model ppeas to
accuetely simulate a heting coil & steag
stae conditions as long as the gt input
values ae usedThe curent assumptions
used as inputatues in the CHESS model
will lead to signifcant diferences in the
results in most caseshe calculéions

of air wlume and liquid and air side hea
transer coeficients ae not accuate using
the curent assumptions and will lead to
the lagest erors.
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Temperatur e Variations in preinsulaed DH pipes -
Low Cycle fatigue (1996 N6)

Background

Design of Distiict Heating Pipes with
Respect toTemperatur e

The derelopment in constiction pinciples br
preinsulded pipes dr distict heding is dealy
maving towvards pe-heaed or pe-stessed
systems or systemshete the cold spng
effect is utilised not oglin bends and cued
lines hut also in stight pipes (cold king and
self-induced pe- stessing).

Utilisation of the cold spng efect is not ne.

give yield wer the entie cioss section of the
pipe

Accepting yield over the entie closs section is
quite nev and uniquedr distict heding pipes.
Tempeeture induced axial séisses @& low in
most other piping systemand theefore it is
not a sepus limitaion in these systems to
have restictions in the codes not alléng

yield over the entie cioss section.

However, for preinsulded distict heding pipes
mary designes ae bajinning to accpt the
concet of self-induced mstessing combined

Most codesdr design of piping systems under with very high nhominal axial s&ss anges.

pressue assume thahe rmal yield stess in
bends is pproximately twice the yield s&ss
for steel.Therefore the eal stess ange will be
+/- the yield stess after the initial self-induced
pre-stessing

When the s@ss ange is lager than twice the
yield stess the system is said to be in th& lo
cycle fatigue range. In the lav cycle fatigue
range the anajsis should in pgnciple be done
based on the stin range, but in practice the
calculdions ae nomally made with a linear
elastic model andofmal stessesWhen
evaluaing these érmal stesseswhich can be
larger than twice the yield ®ss,a corection
has to be made because iagiice the shin
will be lager than calculed by the elastic
model.This corection can typicajl be
included in the dtigue cuwe.

The use of @-heding or pe-stessing does
not increase the allwable stess angg, but it
reduces thedrces and displacements in the
system.

As this design method is based ow lgycle
fatigue design theumber of load ycles has to
be limited and in codesdr pressue piping a
figure of 7000 complete load/des is
nomally assumed (one full tempture o/cle
per dg in 20 yeas).

For eat °C a staight pipe is hetad the axial
stress will incease 1.2 x 2.1 = 2.52 Nfm/°C.
The minimum yield stess ér mild steel used
for preinsulded pipes is typicafl 235 N/mm2.
This means thaheding mote than 93C can
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The maxinum acceteable stiess ange dgpends
very much on the pedicted mmber of
complete load yrles in the littime of the
systemsand as the design method is quite
progressve the loads should on the other hand
be estimged quite consestively. Also the
sakty factor of the design will solelbe
applied on the loads.
The maxinum tempegtures in a systems is
nomally known quite vell due to the saty
equipment on the boileralthough peaks
exceeding the maxiom design tempeture
with up to 10°C may hgopen &g. in case of
failing contols or suden incease in
comhustion in vaste incineation.
Another moe seious poblem is the ariation
in tempesature.
The tempeature in the systems will oftenawy
during the opeation in oder to meet the
heding demandbut the unintendedariations
in tempeeture ae moe difficult to estimée,
and thg are the most se@vus thed to the
lif etime of the systemshen speaking of i@
cycle fatigue
Intended wiiations in the systems atypically:
» Planned wiations due to nagnal use of the
system.
« Variations d the boiles in oder to \ary the
production.
< Varations in house connection due tg.e
night time set-bdcor shut-of by the
consumer and otheawations due to
consumer behgour.



Unintended aiiations ae typically:

1. Cold plugs after st&up or hangs in
production eg. in boiler cental with
cascade coupling

2. Variation due to suden dhanges in the
caloiific value duing comhustion of waste

3. Hunting (pendling) in contd equipment.

4. Hot plugs &consumes installdions.

The examples shw tha the tend to consee
enegy by more sophisticeed contol and
opewtion also inceases theisk of increased
tempeesture \arations.

On the other hand thexmber of tempeture
cycles should be limited en utilising
prestessing or self -induced gstessing
preinsulded piping systems.

Summary

In Denmak, Gemary, Korea,The Netheiands
and Sveden &17 distict heding sites the
suppl and etum pipes hae beenifted with
tempesture measting equipment and da
loggers.

There ae 8 measling sites aconsumes
with pipe diametey from 28 to 219 mm and
9 measung sites asuppy staions
(production or hetaexchanger staions) with
pipe diametes from 356 mm to 1219 mm.

At ead of these sites the temprire has been
logged every minute for a peiod from 81 to
365 das - moe than 5000 des or 7.6 million
measuements all tgether

For ead site the measements hee been
sotted ly the so-calledainflow method 6rming
a mdrix, where the mmber of gcles ae soted
accoding to mange (AT =1,2,3...110°C) and
mean tempeture. An overview of the esults is
given for AT =5,10,15 ...110°C.

The marixes hae been angbed using the
Palmgen-Miner cunalative damage theoy,

and the mmber of full tempeaature g/cles, N,
have been calcutad for low cycle fatigue
curves with diferent slope constantb, In the
calculdions the measement pdod of
approximately 1 year hae been coverted into
a 30-year peiod by simple linear prgression.

The efect of diferent measung frequencies
is discussed tgether with an ealudion of the
results.

For ead site the measaments a gaphically

illustrated with:

1. A graph shaving all measuwments.

2. The mdrix shawving the umber of
tempeesture g/cles in eldion to mean
tempeature.

The rumber of full tempeature gycles
comresponding to a 30ear peiod for slope
constants b = 34 and 5 ér a common
reference tempeture AT = 110°C and br
AT =T - 10°C wher T, is the
maximum tempegture measied d the pipe
concened

3. A logaiithmic graph shaving the umber of
cycles as a function of the tempgirre
range.

4. A graph sheving how the diferent
tempeature ranges contibute to the
cunulative damae.

Condusion
The following condusions can be dwn from
the poject:

1. The cuves fiom the 17 measing sites a¢
velry different.

2. Ther is a big diference betwen main
lines and house séce connections.

3. The lagest umber of full tempeature
cycles is athe consume

4. At the consumerthe lagest umber of full
tempesture gycles is alvays & the etum
pipe

5. A consumer on a high tempgure system
can cause merdamage than one on avo
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tempeeture system. ST
6. Low tempeature systems will other things RNt eV cTe i e e Vi [ely

being equal hae smaller gcles than a high b=3 17 136 365
tempeegture systems. b=4 4 42 102

7. At the poduction sites theris a tendenc b=5 1 18 37
that the lagest umber of full tempeature
cycles is & the suppt pipe Return

8. The rumber of full tempeature o/cles Production Minimum  Average Maximum
depends on b(b is the slope of thetigue b=3 2 7 14
curve). b=4 0 1 1

9. The lage peaks ha the geaest infuence b=5 0 0 1

(specialy for b = 5).
10. The small peaks ka gedaer influence ér Supply

b=23. Consumer Minimum  Average Maximum
11. A sampling fequeng of 1 min. is b=3 7 139 578

accetable. b=4 2 55 308
12. A measuing peiod of one ar is b=5 1 31 197

accetable in the assessment of theess

from tempegture over a 30-gar peiod. Return

Consumer Minimum Average Maximum

A summay of the calculeed rumber of full b=3 35 429 1050
tempeesture g/cles is gven in the thles belov b=4 4 111 379
for the eference tempeture AT, = 110°C. b=5 1 37 157

It shall be noticed thaghe gedest \alues is i Table 1.1:Numbes of full tempeature ¢ydes br
the consumerretum pipe and the smallest a  AT,,;=110°C and b= 3,4 and5.
the letum pipe & the poductions sitesThe

difference is signitant. heding, though the laver limit for house
sewice connection a& set 81000 instead of

The lagest \alues of full tempeture g/cles 500.

calculded for b = 3 ae within the ange

specifed in the guideline in the Danish Lower figures should ol be usedif the

Standad for DH pipessee tgpter 3. designer has arm knawledge of the

These alues ae for b=3: tempeature histoy to which the system in

e 100 - 250 full tempeture g/cles for lamge question will be subject. Ewn if sut
main pipelines knowledge is available consevatism is

e 250 - 500 full tempeture gscles for adviséble, because thermight be suspicion
ordinary distribution pipelines that the expectaions of the opetting pesonnel

¢ 500 - 2500 full tempeture gscles for house are not in accatance with theaalities.
sewice connections Furthemore it is impotant to be ware of

systems with iegular opestional conditions.
For the time being theris theefore no basis

for chandng these @commendgons. The The information on where the lagest umber
same ecommendi@ons ae used in a @it of full cycles occur should cause thaore
European Standdrfor design and instalian attention is paid to details lkthe &tigue life
of preinsulded bonded pipeof distict of brandh connections to consunsgespecialy
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the tee were the band is connected to the
main pipe

The opeating pesonnel should use thegults
to evaluge the mode of opation and
especialy the impacts on the DH systenoffin
the consumes. Some tempeture \aiiations
are due to engy sasing measugs and the
systems should of cose be designed to
withstand theseariations. Havever, mary of
the tempeature curves moe than indicte tha
mary of the lage tempegture varations occur
due to ingpedient instumentaion & the
consumes, thus causing an unnecessarear
of the system.

Finally, it must be mentioned thalthough the
Palmgen-Miner cunulative damge theoy is
a eneally acceted theoy for fatigue anaysis
there is a stong suspicion thaa tempesture
histoly with few large tempegture g/cles is
more hamful than a tempeture histoy with
mary small \ariations, which gve the same
number of full tempeature g/cles.

This is especiafl true for preinsulaed bonded
pipes. If br example a bang of direction is
designed withdam cushions in der to
absorb the gpansion of eg. AT = 110°C, it is
more or less @dent tha the constuction detail
better can lasorb a lage rumber of small
tempeature variations than a limited umber
of very big vaiations.

When the poject oiginally was desédbed it
was &pected thaafter pocessing the
tempesture measwements wuld gve figures
for full tempesture gscles, which, without ary
further consideation, could be used as a
design basis hen designing bendi&e and

other distict heding components in the\w
cycle fatigue mance.

However, even though the pject has aded
consideably to the knavledge of tempeature
variations it has notigen the inal ansver, but
raised a nmber of ner questions.

The most impdant question is thehoice of
SN-cuwe. It is very impottant tha the same
SN-cuwe is useddr calculdion of the mmber
of full tempeeture g/cles and as limit sta for
the fatigue anaysis, but which cuwve is most
relevant for buried prinsulded pipesp = 3,4
or 57

The second question is the gersion into full
tempesture g/cles. Fom maly of the
tempesture specta it is seen thavery mary of
the tempeature g/cles must be in the high
cycle fatigue range and it might thesfore not
be corect to comert them into éw cycles in
the low cycle fatigue mange.

A third question is the assumption tilae
stress diferences a piopottional to the
tempeesture differences.

These questions cangtrebly be angrered by
applying the measad tempeature histores to
elasto-plastic models ofubed prinsulded
pipes usindreal” fatigue curves,and it is
among other things the intention tcaenine
these questions in anpected contingion of
the poject under the IEA Disitt Heding and
Cooling Ppject,Annex V.

The measwd and pocessed da male up

close to 450 Mb and will beusned on CD-
ROM so thait is available for further studies.
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Managing a hydraulic system in distiict heating

(1996 N7)

Intr oduction

The Intendional Enegy Agengy, IEA, District
Heaing and Cooling Implementinggreement,
in its eforts to point to \ays to educe the use
of enegy, has poduced a amber of
pubications dealing with &ious aspects of
implementing and impwing distict heding
and cooling system3his biochure highlights
the mangement of using by tempestures in a
direct distict heding system in the Nethands

More and moe lov-tempesture systems arin
opetion in distict heding. The adantages
are obvious,especialy when opegting a diect
system and a G (STeamAnd Gasturbine
combined gcle), combined heia and
powemlant. Lav tempeatures allav for the
cooling of condensserd tempesture levels
compasble with cooling tavers & atractive
electicity genegting eficiency.

Retun tempestures flom consumer mgy be
as lav as 25-30°C and m# even be cooled
down further by patially wasting het

If at the same time sfiient stoege caacity
of hed is induded a STAG powvemlant mg be
opemted almost awill, regardless of the
discrepany in demanddr electicity and
heding.

A STAG plant of limited cpacity mg be
incorporated in a egional or ngional electicity
grid, located near consumgiand opetted to
follow hed demand if and fven it occus &
optimum conditions ér genegting electicity.
Sud a plantor several stiategically locaed
plants,could be egarded as standybcapacity
replacing olderless eficient paverplants.

When heastolage tanks a locded near

clustess of consumes, a reduction in piping
and pumps will esult.Allowing for a laver
cgpital layout and educed pumping costs.

This report looks & a system Wwetre all the
above adiantajes vere eventualy taken into
considestion.
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Although some of the adntajes were lost in
the lae implementton of the poper hea
souce, the orerall picture will be of inteest to
all concened with planningopeting and
implementing disict heding systems.

Apat from the obious adantgges in educing
the efect of heting upon the erironmentthe
overall cost of heting could be educed
dramaically by genegting electicity at the
best possile eficiengy, paying for the plant
and the necessaadations to poduce het
Even moe ad/iantayeous vihen govemments
find ways and means to alloconsumption of
enegy used br heding only a consumer
prices in oder to brce the optimal use of
combined hetaand paver genestion.

Summary

Pumerend is a tvn with presenty 60,000
inhabitants gowing to 100,000The tawvn is
locaed 20 km nah of Amstedam,the
Nethetands.

In 1980 the tarn council of the ranicipality of
Pumerend decided to implement a distr
heding system.

A municipal dgpatment was ceded to lild,
run and mange the systemAt the same time
the povincial electicity boad decided to bild
a combined hdaaand paver stéion (CHPS)
from which he& would be sold to the
municipal heéing shheme &cost.

The pesent mnicipal heéing system sees
20,400 housing equalents though a 32 km
transpot pipeline and 165 km distution
pipelines.The system is equipped with 47
substéions. Heais supplied i a combined
hed and paever stdion, cgpacity 68 MV¢ and
65 MWth, an auxiliay boiler house (ABH)
containing 4 boiles of 16 MW eah, four
mobile boiles of 3.5 MW br tempoary or
emegeng duties and thee decenalized
storage tanks of a combined pacity of



550 MWh. The tanspot pipelines hae a
storage caacity of 70 MWh.

The system mabe &panded to see

30.000 housing-equélents. Re-gjanisdion of
the paver industy brought the CHPS in hands
of the egional paver compag UNA (NV
Enegieproduktiebedijf UNA, the enegy
production compay of the povinces of

Utrecht and Noth Holland and the city of
Amstedam).

By means of wll protected modenyubic
telephone and paable computerthe
functioning of the enté& system mabe called
up & ary time, ary place Flow-chatts and
diagrams m# be consulted andvhenever
required, autonomous contfs adjusted

Overall contiol degpends on the type of user
seved:one Bimily housing flats, major uses.
The contols ae adjusted to demandrf
heding and indvidual suppy of hot water.
Hed consumption is measen individually by
enegy metes.

The entie transpot, distribution and stage
system is mitected gainst six potential
calamitieshigh pressue in pumping stions,
high pessue in substions and distbution
grids, high pressue in retum pipelinespverflow
of stoiage tanksdraining of stoege tanks and
uncontolled flow into one anotheMoreover,
the entie system is monited daa ae collected
and stoed d 10-mirute intewals. Faultindings
are soted accading to impotance registered
and whele necessgraction takn ly calling up
sewice pesonnel till sésfied.

Condusion

As was the caseof mary a heting systemthe
project Pumerend was oiginally designed and
patly laid-out in fair too gand a &shion
allowing for far geder demandas vell per
connection (housing-equélent) as ér the
entire system (simltaneity),then would be

ultimately required

This made it posslb to chhang the planned
indirect system to a dict systemThe indiect
system stded from a 90/70egime, i.e. 90°C
input into house connections and ‘@ retum.
This to be ealizzd though tanspot pipelines
wherin water & a tempegture of 125°C
would be delrered

At the time theifst pat of the system as
completedit became eident tha a direct lav-
tempesture heding system \as possike, e.g.
at a 90/50 egime. This would allov an equal
transpot cgpacity in the same pipelines and a
the same pump pssues. Costs in lgout,
maintenance and hiel@sses wuld be
consideably lower. Also, this regime
corresponds wll with the implementigon
within the system of a CHP$ the highest
possilke electicity genegting eficiency.

In addition, direct opegtion will reduce pwer
required by pumps though upgading of pump
efficiency and consequengeduction of
pressue.

The geneal condusion dewn means tha
application of a diect systemequites 15 %
less caital investment than an indict system.
Additionally, hed losses and maintenance
costs will be laver, upkeep and opeation will
be simplifed.

Further eduction of pumping peer mgy be
obtained ly installing booster pumps. Hafy
all required pessue does not need to be
supplied &souce, giving the oppaunity to
either educe pessue or educe pipe si&s.
Optimising of hetisuppy may be auined ly
optimal gplication of auxiliay hed souces
and hetastorage tanks.

Hed stoiage tanks hee two functions.The
first function is thathey allow the CHPS to
run & full capacity (or not aall) allowving for
optimal eficiengy. Additionally, this will
reduce the mmber of stas, especialy in
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summetime whereby the plant mg only be
required to un once eery two or thee dgs.
The second function is thatolage tanks mg
deliver hea a times of peak demanthus
reducing the maxionm siz of heasouce
required The obtainhle savings in elaion to
the cost of installing heéatolage tanks is so
dramaic tha consideation will be limited to
optimisaion.

To increase the &dct to its maxiram, tanks
should be situad where their cpacity meets
demand

An autonomous cortdl system vas designed
incormporating the entie systemWhen the
CHPS poduces hdatranspot pumps will tale
hot weter out of the sta@ge tank into vhich the
CHPS delers, and deler hot veter to the
transpot grid at a pessue of maxinum 6 bar
The water level of the stoage tank neagst to
the CHPS is conttled by a contol valve, all
other stoage tanks lg flow balancing Contol
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of storage tanks and auxiligrrboilers is
autonomousAll sorts of situdions mg occur
depending on conditions in theid.

The contols automécally take cae of hea
storage. Pumps & directed ly a compildion
of signals éund in the gd, pumps locted &
the CHPS andtaheABH have key-functions.

By use of telecommmicaion and a cendd
computeycontrol may be gined ly means of
alteiing paametes of the autonomous coots
and eactvating local contol systems.
Through conditioned pametes, stolage tanks
may be svitched on or dfby means of alténg
values intendedor automéic functioning
Pressue 1ising, and thus the outgng flow to
the gid, may be dhangd by alteing the
relaing factor

By this a stte of the ardistiict heding system
was designedmplemented and maged for
the municipality of Pumeend the Netheands.



A review of European and Noth American water
treament practices (1996 N8)

Summary

This report outlines the Ewpean pproad to
water treament and capsion pevention in
hot water distict heding systemsspecifcally
the gproad adrocaed ty Nordvame, the
distiict heding associion of Nordic counties
in Europe The intent of thiseport is to male
informaion and opeating expeliences on the
Nordvame gproac available to Noth
Amelican system opefors as vell as to
descibe common Nadh American water
treament methods.

An interest in the Ewspean pproadc to weter
treament has gwn recenty because of
developments in aghnced fuids for distict
heding and cooling systems. Weadlitives ae
sometimes incomjpidle with chemicals
traditionally added in Noth America to
prevent corosion in hot and cold ater
systems. In pdicular, some carmsion
inhibitors hase been shen to be incomptble
with the use of iction reducing aditives.

Friction or dieg reducing aditives educe the
frictional losses fsm weter in turlulent fow
by suppessing thedrmation of turkulent
eddies.This results in lever pumping eney
requirments and costs. Inést in these
additives has gwn over the lastdw yeass and
the adiitives hae been successfyll
demonstated in sgeral systemsincluding a
transmission system in Héng, Denmak in
which pumping engy requirements \ere
reduced g 70% and werall opegting costs
were reduced @ 40%.

In North America, corrosion of steel disitt
heding pipes has &ditionally been pevented
by adding corosion inhibitos which protect
the pipe ly forming a potective passiating
film on the intenal surfces.

Most corosion inhibitos ae inoiganic
oxidizing substances lvich passiate the metal
surface ly forming an imperious flm which

interferes with the anodic or tt@odic corosion
reactionsThese inhibitos work with metals
tha exhibit active-passie transitions suc as
iron, nickel, chromium and allgs containing
these metals.

As well, chemicals a& sometimes atéd
which react with andemove dissoled
oxygen.This limits corosion ly limiting the
oxygen educing cthodic reaction. Resttting
either the ctinodic or anodiceactions will
limit the overall corrosion ete since these
processes ardgendent on one anothdihe
electochemical mebanisms of capsion ae
explained in moe detail in theifst pger in
this report, “Corrosion andNater Tregment in
Nordic Distiict Heaing SystemsExpeience
and Pactice”.

The overall treament stategy also indudes
filtering and deminaizing (or softening)
system vater and aising the pHThe second
paper in this eport descibes hemical
additives which ale curently used to pavent
corrosion in Noth American dosed cold and
hot water distibution systems andxplains
some of the athntages and disadhntages of
ead.

Common dchemical adliti ves br corrosion
prevention in North America

Passvators:
chromae
borate nitite
silicate
molybdae
Oxygen scaengers:
hydrazine mopholine
sulphite caustic soda/soda ash

The stetegy recommendedybNordvame is
simply to maintain high quality eter in the
system though contiwial filtering, deaesation
and deminalization (or softening) and to

maintain the pH beteen 9.5-10 y adding
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sodium lydroxide. The piocedue requites
careful monitoing of the &iemisty of the
system vater. The corosion ete nmust also be
monitored though the use of corsion
coupons or piping samples intst in the fow.
Deminealizaion is peferable to softening
because iteduces the total ionic concegtion.

Summary of Nordvarme water tr eament

method

« filter

« deminealize or soften

¢ deaeste

¢ raise pH to 9.5-10yadding sodium
hydroxide (NaOH)

e monitor corosion ate and concerdtions

The irst pager in this eport is an English
transldion of the Nodvame weter treament
marual for distict heding system opetors.
This mamal was pepared ly expett
representéives fom five member counigs of
the Nodvame working group on veter
treament. In it,Nordvamme gves
recommended ceiling concegttons for
chemicals in the systemater.

Summary of guideline \alues of dissoled
species in distict heating water

pH & 25°C 9.5-10.0
Oxygen concenation < 0.02 mg Qkg
Ammonia concenétion < 10 mg NH/kg
Total iron concen@ition < 0.1 mg e/kg

Total copper concerdion < 0.02 mg Cu/kg

The Nodvame gproac has been
successfull epplied in the tw distiict heding
systems in Bnce Edvard Island Canada. In
these systemsw water enteing the netwrk
is filtered softened and deeasted Water in the
system is contimally filtered The pH is
maintained beteen 9 and 9.5ybadding
sodium lydroxide.

In the St. Rul, Minnesota disict heding
system in the United Sts,water is petreaed
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by filtering and softening and a cosion
inhibitor is adled to the systenThe cost of
this treament is $0.12 peraijlon of maleup
water compaed with $0.05 peraglon of
makeup water in the FE.I. systemsThe cost of
water treament in the FE.l. systems heever,

is dgpendent on the cost ofdaratory anayses.
In the St. Bul systemtesting is intuded as a
sewrice with the puthase of the coosion
inhibitor.

The &peliences in the .E.l and St. Bul
systems & outlined in the pzer b@inning on
p. 44 of this eport. This pger was pesented
a the anwal congérence of the Interational
District Enegy Associdion in Indiangolis in
June 1995and a@ain & the IDEAs distibution
workshop in St. Bul in November 1995.

Feedbak from the audiencet ghe IDEA
conferences indiceed tha mary North
American opegtors were moe combrtable
contracting out veter treament actiities.
Even if thee ae saings to be made
opestors prefer a complete éament
“service”, where pioviding the tiemicals
and monitoing the system arboth the
responsibility of the lkemical compan
Water treament actiities sometimesaguire
both time and a lel of expettise tha plant
staf do not hae.

Corversdions with plant stdfhave indicaed
tha in busy seasonsyater treament
monitoling is sometimes thar§t actvity

put on hold although it is vital to the long+ter
health of the systenThe assumption is
sometimes made thd a gven method has
worked well in the pastit will continue to
work. Stopping monitang, however,

can lead to ungected poblems.

A number of conditions in the system can
chang sud as the kemisty of the makeup
water, and the opetion of the deaetion and
deionizdion equipment andnemical £ed
equipment.



Comparison of Nordvarme gpproach and
the use of corosion inhibitors

Nordvarme goproadc
(Carried out by plant staff)

Advantages

» avoids the need to ddcorosion inhibitos

« if corrosion ete incleasesgorosion
inhibitors

» can be aded lder

» can be beger

Disadvantages
* requires caeful monitoing

Corrosion inhibitors (chemical supply and
monitoring by chemical compary)

Advantages

« will protect pipe sudces egardless of ate
of oxygen iniltration

» addition and monitang ae the
responsibility of the lsemical compan

Disadvantages

< once corosion inhibitos ae being used in a
system it is dfficult to stop

« in the futue, use of some common c¢osion
inhibitors ma be esticted because of
ervironmental impact andgulations

Condusions

situdions. In this teament stategy the isk of
corrosion is minimied ty removing axygen
from the &ed vater thiough demical or
themal deaestion, by raising the pH totdeast
9 and ly deceasing the haness B softening
Good water quality monitoing and leak
detection systemsaimpotant elements of
this type of vaeter treament pogram.

Opeswtors of nav hot weter systems might
want to consider simple pH coatras an
altemative to the mag common Ndh
American pproades.The teament stategy
is suitdle when thee is a slav rate of maleup
and when leakge into or fom the system is
small. This stategy might be especiall
suiteble for systems considieg the use of
friction reducing aditives,since some
corrosion inhibitos have been shen to lover
their diag reducing cpabilities.

For the casesxamined the simpler pproach
to water treament is lessxpensve. The cost
of maintaining camosion inhibitos in the St.
Paul system xceeded the cost of the simpler
approad in the Chdpttetovn system. Other
consideations which should be tadn into
account intude the amount of makip
required in the systengvailability of steam or
deaeation, and the wailability of staff to
opeste the equipment and monitor theter
quality.

The lowv corrosion etes seen in the PEI systemsThe authos would like to thank dhn Davey

indicae tha the Euopean pproad for water
treament in hot water systems as defimed in
reference 1 can be fefctive in Noth American

and dhn te Raa of the PEI EmggrCorporation
and Ron Cakoski of Distict Enegy St. Raul
for their help in papaiing this paer
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