SUMMARY OF RESEARCH ACTIVITIES
1990-1993

Editor:

NOVEM

Netherlands Agency for
Energy and the Environment
P.O. Box 17

6130 AA SITTARD

The Netherlands



Preface

Introduction

The Intendional Enegy Ageng (IEA) was
estdlished in 1974 in ater to stengthen the
coopestion between member courngs.As an
element of the Intetional Enegy
Programme the paticipating counties
undetake coopegtive actvities in enegy
reseach, development and demonation.

District Heding is seen pthe IEA as a means
by which counties mg reduce their
dependence on oil. It iblves the inaeased use
of indigenous or bundant fuelsthe utilisdion
of waste enggy and impoved enegy

efficiengy. With the same objeates Distict
Cooling is getting a gowing intelest.The
positive ervironmental dects of impoved
enepy efficiency will give an aditional and
vely strong impulse toaise the actities on
District Heding and Cooling

Anne |

IEA’s Pogramme of Reseeln, Development

and Demons#tion on Distict Heding was

estdlished in 1983 ba meeting in Stddolm.

In the frst phase (Annel), ten counties took

pat in the ppgramme; Belgum, Canada,

Denmak, Federnl Repulic of Gemary,

Finland Italy, The Nethelands,Norway,

Sweden and USA.

The Naional Enegy Administration, Sweden,

has been the Opating Agent for the frst

Phasein which the bllowing tednical aeas

have been assessed:

— Heda Meters

— Cost Eficient Distibution

— Hea Production

— Use of Lav Tempeature Hed Souces in
District Heding Systems

— Corversion of Building Heting Systems to
District Heding.

A Summay Report of all reseach actvities
caried out undeAnnex | in the peiod between
November 1983 and December 1983sw
pubished in 1988 H the Ndional Enegy
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Administration Sweden (eport Staens
enegiverk; 1988:R16).

Anne

In 1987Annex Il was stated up. Under tha
Annex the Dllowing tedinical aeas hae been
included:

— Consumer instaltions

— Piping

Advanced Fluids

— Heda Meters

Advanced HeaProductionTechnolagies
Themal Enegy from Refuse

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

counties ofAnnex | except Belgum.

The Summar Report of all the eseath
actiities caried out in the time pé&d between
May 1987 and Neember 1990 ws pulished
in 1990 ly NOVEM (Report NOVEM 1990 R-
12).

Anne Il

In May 1990 decisions ®re talen dout an
Annex lll, in which all paticipants of the
second Phase contied their paicipation for
another thee-year peiod.

Items brAnnex Il were:

R&D Project Reiew

— Promotional actiities

— PipingTedhniques

— Consumer Heing System Simlation

— Supevision of Distict Heding Networks
AdvancedTransmission Fluids.

Also for thisAnnex the NethdandsAgengy for
Enegy and the Evironment (NO&YEM) has
been acting as the Oping Agent.The eport
you ae reading contents the summias of all
reseach actvities caried out duing May 1990
and Navember 1993.



Anne IV

In May 1993 it was decided to contire the

actvities; Annex IV was stated up. InPAnnex

IV all countiies of the thid Phase pécipate,

except Italy. In 1994 Korea decided to takpat

in the pogramme The BExecutve Committee

decided upon theoflowing items br the

programme undefnnex 1V:

— Design guidedr intggrating Distiict
Cooling and combined Heand Pwer

— AdvancedTransmission Fluids

— PipingTedhnology

— Supevision of Distict Heding networks

— Efficient substions and Installdgons

— Development of longten coopestion with
East Euopean Counies

— Tempesture variations in peinsulaed
district heding pipes,Low Cyde Fatigue

Again the NethdandsAgeng for Enegy and
the Ewvironment (NOYEM) will be acting as
the Opeating Agent.

Available Budgpt

The total lidget for Annex | was US $ 525,000.

For Annex Il a budget was aailable of US $
675,000. Br Annex |1l a budget of @out US $
1,000,000 has beegraed ly the paticipating
counties. For Annex IV the peliminary
available budget amounts togprox. US $
1,250,000.

Information

Geneal informaion aout the IEA Distict

Heding Pioject will be gven ly:

IEA Secretariat

Mrs. Gudun Maass

2 RueAndré-mascal
F-75775 Riis Cede 16
FRANCE
Telegphone:+33-1-45249975
Fax: +33-1-45249475

or

The Operating Agent
NethefandsAgeng for Enegy and the
Ervironment

Mr. Frank van Bussel

PO. Box 17

NL-6130AA SITTARD

The Nethelands
Telephone:+31-46-595332

Fax: +31-46-528260
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Executive summary

Background

One of the major aims of the |IEfactvities
was and still is toeduce the vulnability of
member counies to the inteuption of
imported enegy suppliespatticulary their
depence on oilThe war-situdion in the Gulf-
Area has shen in which scale disturbances of
the suppy of enegy could be ceaed by
intemational political conlficts.

Encouiging the inceased use of indémous
fuels andwhere enegy has to be impaoed,
ensuing tha the souces of sub supplies &
spread as widgl as possilte, will stay some of
the measues tha have to be pomoted in a still
stronger efort than was utilised up to ne. An
expansion of disfct heding actvities would
male it possille to moe easly choose betwen
altemative fuels in oder to ealize the most
efficient enegy suppy. Where feasilbe, the
combined poduction of hehand paever will
have to be pomoted as therfkst option,as it
integrates the evironmental sangs of
centalised poduction units and the emgr
saving of the combined pduction. One of the
easiest wys to elease the etronment is to
diminish the use of engy. With combined
production this gal can beealised part from
efforts to diminish the engy-consumption of
the end-usex.

In North American counties also Distict
Cooling has gt a gowing intetest. for tha
reason alsottention has beenign to the
specifc aspects of this kind of tenolagy, in
relaion to enegy savings and ameliation of
the ewironment.

For several yeass the IEA hae worked on
evaluaing the possile adsantgges of Distict
Heaing. Compehensie maerial from
govemmentsutilities, reseach institutes,
marufactuers and indiiduals has been
collected and studiedhe work undetaken
was pesented in a 1983%port 'District
Heaing and Combined Héand Pwer
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Systems’That report pointed to a amber of
areas wetre moe knavledge was needed and
made sugestions to be tan up in the 'Disict
Heding Reseath and D&elopment Raject’.
The 1983-eport still is of impotance ér those
who ae inteested in thisiéld.

Organisdion and Participation

Coopestion between the pdicipating
counties is gvemed ly an Implementing
Agreement. Decisions on theowk programme
and ludget ae talen ty the Executive
Committee viich has epresenttives flom all
paticipating counties. For the meetings of the
Executve Committee interaional
organisdions in the ield of Distiict Heding
and Cooling fom Euope (Unidal) and Noth
America (IDEA) ae invited to atend on an
obsevatory basis.

Projects ae defned inAnnexes to the
AgreementThe Opeating Agent acts in the
interest of all counies and codatinaes the
activities, neggotiates contacts etcwithin the
budget and pogramme limits decided upon.

For eat of the pojects an gpetts goup has
been ceded in which expelienced
representéives of the pdicipating counties
have contibuted to the mject-deinitions and
to the pogress of the aatities.

The esults of all these pjects ae published in
separate reports and a@ summaised in the
following chapters of this eport, 1993-P10.
The pioject eview, report 1992 P6js pat of
the information exchang actvities between the
paticipating counties.

In order to ead a lage audience in the digtt
heding and coolingiéld, an ggreement \as
made with the editor of &mwaeme
Intemational’ (FWI) to use this mgazine br
pulishing pefodical informetion aout the
ongoing actvities, results of studies and other
pubications.



In theAnne I, which results ae descibed in this summarreport, the bllowing piojects hae been inlided:

Project title Lead country Project management
1.District Heding and  Denmak Rambgll,Hanneman & Hgjluné/S
Cooling R&D Mr. Peter Randlgv
project Reiew Bredevej 2
DK 2830VIRUM, Denmak
2. Promotional Denmak Rambgll,Hanneman & Hgjlun&/S
actiities Mr. Peter Randlav
Bredevej 2
DK 2830VIRUM, Denmak
USA IEA Consulting Goup
Mr. Godon Bond
Suite LL4

289 Ged Road

Acton,MA 01720-4739USA
3.PipingTechniques Germary GEF Ingenieus Gesellskaft fir Enegietechnik und

Femwame mbH

Mr. Manfred Kl6pst

Ferdinand Prsche StalRe 4a

D-6906 LEIMEN Gemary

4.Consumer Heing Norway SINTEEF Division of Applied Themodynamics
System Siralation N-7034TRONDHEIM, Norway
(CHESS)
5. Supevision of Sweden Fjamvameutwedkling FVU AB
District Heding Mr. Heimo Zinlo
Networks S-611 82 NYKOPINGSweden
6.Advanced USA Earth Resouces,Ltd.
Transmission Fluids Mr. James Muray

962WayneAverue, Suite 750
Silver Sping, Maryland 20911
USA

Canada Enegy Resouce Laoraties
Dept. of Naural Resoutes
Mr. MichaelWiggin
555 Booth St.
Ottava K1A 0G1,Canada

In the 'DHC Nevs’, the oficial newsletter of Unichal, for the Euopean egion, and the IDEA

the Intenational Distict Enegy Associdion for North America will be frmly suppoted to
(IDEA) also atention is gven to the IEA- read a wide ange of inteested people
actuities.

At intemational conkrences and symposia on Most of theAnnex IlI-r eports have been pnted
District Heding presentéions hae been set up, in 500 copies. Of thesd00 copies wre to be
providing information on the actiities and their distributed in the pdicipating counties ky the
results. naional representéives.The lemaining copies
All country-representéives extended the have been pduced 6r distibution by the
promotional actiities in their home-couri's.  Opeimting Agent on equest to thoseho ae
Mutual informaion exchang between IEA and interested



Area l

District Heating and Cooling R&D Project Review

1992 P6: District Heating and Cooling R&D
Project Review

Information Exchange is an impadant pat of
the actvities in the Intemaional Enegy
Ageng (IEA) District Heding Pioject.As a
pat of this actvity a R&D Pioject Reiew was
prepared UnderAnnex Il the first Distiict
Heaing and Cooling R&D Rijects Reiew
based on contyutions fom the member
counties was pulished in 1989 (Reort 1989
R1).

This first review contained 258 R&D mijects
covering almost all aspects of diitr heding
and cooling

In 1991 the E&cutve Committee decided to

up-dae the R&D Poject Reiew including

R&D projects vhere the major topic is Didtit

Heaing and Cooling (DH&C) and combined

hed and pever (CHP) ceoering all aspects

including:

— enepgy conversion

— transpofation (transmission and
distribution)

— end-user

— opertion and maintenance

The objecties of this second R&Deview are:

— to inform &out R&D actvities in the
member countes

— toinspie to contact beteen eseathers
working with the sameiéld to reduce
parallel work

— to maximiz the bendfs of ndional work.

The paticipants in the IEA Disict Heding
Project hae contibuted to theaview as
follows:

Canada 9
Denmak 41
Federl Repulbic of Gemary 37
Finland 14
Nethefands 17
Norway 3
Sweden 11
USA 5

Total rumber of R&D pojects: 137

The pojects ae soted accading to county

and within the edtcounty accoding to the
first key word. Looking up a spedif topic is
best done ypmeans of thedy word index in
the bak of the book.

The full text of this eview and of theifst
review pullished in 1989 ar available on 3,5”
(1.44 MB) dislette inASCII format. The
diskette can be diered fom the Opeating
Agent.

As an eample the frst pioject desdption of
the R&D Ppject Reiew Report is shavn on

page 9.

The pojects,summaised in the Reew Report
are listed inAppendix | of this Summsreport.



DISTRICT HEA TING
AND COOLING
RESEARCH
PROJECT SUMMARY

ProjectTitle: IEA advanced luids pioject.
Subcontact for ice slury transpot.

Key Words: Advanced luids. Ice Slury.
District Cooling

Key Activity: District heding and cooling
Development.

Objective: To contirue the measement of
transpot propeties for ice sluries and
relaing those popeties to paticle siz, shae
and ice sluy loading (i.e, percentage of ice
in the slury). The tests a& conducteddr both
pure ice slury and br fluids containing
comrosion inhibitos and other atitives sub
as glcol for freez point deression.

Technical Approach: Calibration of an
expanded test loop withater to esthlish
pressue diop and heitranser characteistics
as a eference pointdr ice slury testing
Undetake furtther tests of ater with other
additives tha might be ealistically included

in a distict cooling systemAll tests indude
the full range of flows tha might be
consideed in a system fgrox. 3 to 4 m/sec).
The oiginal loop has beerxpanded and o
includes nine 17-medrlong test-sections with
diametes rangng between 12 mm and 100
mm.

Program Implications: The use of ice
slurries in distict cooling systems canride
several beneits, including the incease in

cgoacity of «isting systemsthe reduction of
pipe sizs in nev systems and impved load
manaement though ice sluy storage -
either @ the ice slury genestor or distibuted
in buildings.

Current Staus: All testing in the oiginal
loop has been completearfweter, with and
without adlitives.Testing of ice sluies up to
about 35% ice has been done and tsults
reported The expanded loop is in the pcess
of commissioning

Futur e Activities: Compaison of the d&a
with existing slury models. Deelopment of
ice slury models.

Reseach Product: Data reports and an ice
slury marual to form the basisdr use of
slurry technolagy in full scale cooling
systems.

Contact Point for Additional Inf ormation:
Dr. Raj Gupta

National Reseaih Council

Low Tempeegture Laboratory

Ottawva, Ontaio, Canada

K1A OR6

Telephone +1-613-993-5359
Telefax +1-613-954-1235




Area 2
Promotional activities

The objectie of the actiities undeAnnex Il

at the feld of 'Promotion’is to demonstte the
ernvironmental and economic beitgfof
introducing Distict Heaing and Cooling
(DH&C) and Combined Heand Pwer (CHP)
schemes.

The actvities in this aea esulted in a lmchure

and thee eports:

e The biochure 'A Clean Solution?’

¢« 1992 P1The enironmental Bendf of
District Heding and Cooling

e 1992 P1.1DETECT, the IEA Consequence
Model

¢ 1993 P9Promotional manal for distict
enegy Systems.

THE BROCHURE 'A CLEAN

SOLUTION?

The biochure is a polig pgoer in which the
ervironmental adantages of Distict Heaing
and Distict Cooling ae presentedThe paer
has been puished in coopattion with the
Worlds Enegy Councils Committee on Disitet
Heaing, Combined Heband FPwer Systems as
a biochure titled:

A Clean Solution?

It is alsoYour Responsibility!
Cogeneation of Heding, Power and
Cooling - anAnswer to Pollution from
Enegy.

The bochure introduces the témology of
DH&C and CHP to politiciangjecisionmakrs
and tebnicians vho hare little or no
knowledge of the tehnology.

THE ENVIR ONMENTAL BENEFITS OF
DISTRICT HEATING AND COOLING
(1992 P1)

Intr oduction
This report examines the erronmental
beneits of distict heding and coolingand is
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one of sgeral summay reports on paticulaly
relevant topicsThis report has been gpared
on behalf of the IEAdr information and
educdion exchange.

District heding and cooling is the disliution
of heding (hot water, steam) and cooling (cold
water) enegy transer mediums fom a centl
enegy production souwre, to meet the dierse
themal enegy needs ofesidentialcommecial
and industial uses. Themmal enegy needs or
demands inade space héiag and cooling
systemsdr maintaining human coroit,
domestic hot ater requiements,
marufactuing plant pocess heing and
cooling systemequitementsgetc In mary of
the systems thidnase been estdished aound
the world, both distict heding and distict
cooling hae not been mvided For example in
Europe where modeate summer tempetures
prevail, most distict themal enegy systems
provide heding cgability only. District cooling
has ony recenty become ma widespead
with the most pavalent gplicaion being in
North Ametrica, wher summer tempatures
can,over extended peods,reah extremes of
30°C to 40°C.

Ther ae a number of &ctos which must be
weighed vhhen detamining whether or not a
district heding (DH) or distict heding and
cooling (DHC) system should be implemented
in a paticular comnunity. These &ctois
include local economic andimatic conditions,
viability of competing altemaive enegy suppy
systemsl|ocal enegy production and utilizéon
efficiency considedtions,local ewvironmental
beneits, and difering producer and user
perspectves on the signifance of bendf of
district systems.

The subject of thiseport, environmental
beneits of DHC, must be consided pe-
eminent on the list of distt enegy system
assessmenattoss, consideing the
industialized counties inceasing emphasis on



reducing andwiding the ngative impacts thia
various human aatities, including
technolagical developments hae had and
contirue to hae, on the global erironment.

This repott is bioken davn into the bllowing
major sections:

As an eample one of the case studies is listed

Section 2.0 discusses thevennmental
impacts thaare associged with the arious
heding and cooling systems in use tgda
Impacts discussed ihe global tmate
changg, ozone dgletion and lav level
ervironmental impacts shas acidain and
local air quality

Section 3.0 xamines spedi aspects of
distiict heding and cooling systems,
outlining the components assdeid with
these opetions and the afironmental
beneits tha can esult when sub systems
are adopted

Section 4.0 illusttes,through 8 actual case
studiesthe ewironmental benég which
are pelienced though the use of disat
heding and cooling system$he bendfs
discussed in thiseport relae pimarily to
the ewironmental impacts idenigd in
Section 2.0.

belaw.

Energy-efficient Technologies combined with
modem DHC Concepts employed &
California State University, Fullerton

1.

Case Stug Significance

This stugy examines the arronmental
beneits associted with the uptading of an
existing DHC plant &California Stae
University, Fullerton. These bends, which
include damadic reductions in plant
emissions paiculaly NOx, elimination of
the use ofefrigerants haing non-zro
ozone deletion potentialand substantial
enepgy savings,are all indirectly a result of
the centalized plant beingeadily and cost-

2.

effectively cgpable of implementing
developing teinolagies and moder
opegting conc@ts. This stug is a summar
of a report entitled "Themal Enegy
Storage, Enegy Consevation and DHC &
California Stae Uniersity, Fullerton’
authoed ty Henikson.

Project Ba&ground

The Calibrnia Stae University, Fullerton
campus s initially built during 1961 -
1963 and consists of elwe major lildings
of approximately 150,000 rh The
additional kuildings ae sdieduled to be
constucted betwen the msent time and
the year 2000giving the campus a total
opestional kuilding area of 230,000 mA
single cental plant seves,and will contirue
to sewe, all campus bildings with dilled
water for space cooling and hotter for
space hdaing and domestic hotater
heding.

The Cal Stte Fulleton cental plant
geneetes high tempetures hot vater
(HTHW) for campus space hesy and
cooling needsThree HTHW gneegtors
produce 177C water & 41 kR, of which
the majoity is used to dwe single-stge
absoption dillers tha geneete 7°C cdhilled
water. Hot weter is also distbuted to
campus Were the tempeture of the hot
water is st@ped devn to 82°C in kuilding
hed exchangers. This hot vater is then
delivered to hetiexchange coils to maintain
35°C air for space hdang and 60°C
domestic hot water (DHW).

Presenty theie ae thee 8.8 MW HTHW
boilers, eat cgable of firing either néural
gas or No. 2 fuel oilall three boiles ae
the watertube type with themal eficiencies
of 75-80% vihen fring ndural gas.

The cental plant has a total of the dillers
consisting of one 2,638 kW and one
4,045 kW HTHW, absoption dillers,and

11



12

one 2,638 kW eledtral centifugal chiller
in conjunction with a eutectic salt tineal
enepy stoiage (TES) systenilhe Cal Stte
Fullerton cental plant utilizs bur cooling
towers for condenser loop heeejection.
Ther ae thee 175 L/s cooling teers and
one 265 L/s cooling teer utilizing
respectiely three 30 kW and one 60 kW
cooling taver fans.The cooling twvers were
built in the ealy 19605 and a& considezd
beyond their useful li.

When compard to moder DHC plantsthe
neaty 30 year old Cal Sta plant is elaively
inefficient. In tems of abieving high eneagy
efficiengy, to creae the 177C HTHW is
inherently wasteful,consideing the ultimae
use of the engy is to poduce 35C weter
for space haimg and 60°C weter for DHW.
Also, there is no cpability in the pesent
system toeallocade available waste heta
enegy and in &ct the billers opegte apund
the dock to get rid of this he& With the
existing plant bginning to exceed its useful
lif e and with the campus poisext & major
expansionthe Uniersity decided to upgde
the cental plant into a mar enegy efficient
and emironmental friendly facility.

MeasuesTaken toAchieve Ervironmental
Benefts Upgading of the Cal Sta DHC
systemwhich is curently undervay,
incomporates both engy efficient
technolagies and moder opestional
concets to impove overall efficiengy. These
are summaireed belov.

The nev distibution systemstaCal Stae
will distribute hot veter and billed weter to
the campusand will be \ariable flow
distibution systems. Unlia constantdw
systemwhere the distibution system
pumping cpacity is selectedf, and often
opeites contilmiousy, a a rate
corresponding to a peak hour conditian,
valiable flow system tads the demand

delivering only enough low to sdisfy the
shot-term cooling and heang demandsThe
savings in pumping hagower ae
substantial since hegoower is educed as
the cube of theaduction in fow. In adlition,
the &isting 5.6°C deltaT chilled water
system is being cerrted to a high deltd
chilled water distibution systemwith a delta
T of 13.3°C. This has the é&ct of educing
the 1ow by almost 60% sincevety litre of
chilled water caries almost 150% mer
cooling enayy.

The oiginal reldively insuficient single-
stege absoption dillers,aranged in paallel,
are being eplaced with mee eficient
electic motor diven centifugal chillers
aranged in seles.The seles arangement is
the most dfcient sinceunlike a paallel
arangementonly one of the thee dillers
must poduce the cold

4.4°C dhilled weter output equired of this
systemThe other tw dillers opeste &
higher output tempetures and consume less
enepy.

The heagenegeted though nomal actvity
in campus bildings,which would nomally
require rejection though diller/cooling
tower pa&ages,is under the ng system
cgptured for space heig & other neeg
locations on campud.o accomplish thighe
first dhiller in the sees line-up is a heéa
recovery chiller. This unit is used toxt¢ract
the available hed from 18°C dhilled weter
retun. At the same timghis same unit,
without inceasing its eledtity demand
produces hilled water suppy for space
cooling and lev tempesture hot vater
suppy (recovered from elevated condenser
hed) for space haing and DHW heting.

Furthemore, all chillers & the plant will
opegte on R-134agfrigerant (an HFC)
which has an aamne dletion potential of
zero.



With time-of-use elecital rates,genesting

chilled water for space cooling in the mite

of the dg is an epensie pioposition.
Chilled weter themal enegy stoiage (TES)
was identifed as a &y cental plant
component to allgate this concer. The
centepiece of this system is a 10,000, m
above-gound chilled water TES tank.This
tank is sizd with suficient stoege so tha
the electic driven dillers will be
completey off-line duiing on-peak
electical rate perods.As a esult,there will

be almost no cerdf plant elecical demand

contiibution to the campus peak eléc#
demand Other benéfs fall out of thiSTES
strategy. With TES in placechiller and
cooling taver opesation can beegulaed to
cooler peiods of the dg, thus their
opeition becomes merenegy-efficient.
Chiller opestion also occws duing the
higher heting demand péods of the dgp
thereby maximizing the pospect of useful
hed recovery.

In tha space hding and domestic hotater

heding are to be accomplished with
recovered dhiller condenser hégcreding a
coincidence of liller opegtion and the
heding demand is impdant.Also, with
only one hetrecovelry chiller, the dility to

4.

store heafor later use is impdant.
Therefore, 1,140 niof hot weter TES is also
being implemented

With both ailled water TES and hot ater
TES the campus has anceellent level of
flexibility in the use andause of its engy
resouces.This flexibility transldes into
cost-efectiveness and emgy efficiengy of
the DHC system.

Summay of Ernvironmental Bendtfs

The nav under constrction all electic
cential plant irvolves a dastic eduction in
air pollution emissions - 97% NOx
reduction @er tha of curent emissions
attributable to the Cal Sta Fulleton cental
plant.This is accomplishedytremoving the
comhustion pocesses &m the local site
and instead using eleiity geneeted d the
utility power plant vhere eficient, large
scale industial grade BesAvailable
Contmol Technolagy is used

Several cental plant deelopment scenars
are pesented bele to illustrate the NOx
emissions assodied with eah scenab.
Scenaio 1 represents the cemtk plant as it
was bebre ary upgading bgan. Scenaos
2,3 and 4 epresent posslb altenaive

Central Plant Development Scenaio NOx Emissions (kg/yr)
1. Year 1990 cendl plant with 90 ppm NOx HTHWenegtors and single-stge

absomption dillers

7,270

2. Year 1992 cenad plant with 40 ppm NOx HTHWamnegtors and single-sge
absoption dillers (after installdon of lov NOx kurners and fue ggs

recirculation)

3,230

3. Year 2000 cendl plant (&panded campus) with 40 ppm NOx HTHWmpators
and single-stge asoiption dillers (after installion of lov NOx bumers and

flue as ecirculaion)

4,820

4. Year 2000 cenal plant with 40 ppm NOx HTHWaeneagtors, electical centifugal

chillers,andTES (after installton of lov NOx turmners and fue gas ecirculaion)

2,180

5. Year 2000 all-elecic cental plant with elecical centifugal dhillers, TES, and
a hearecovely chiller (excludes of-campus pwer genegtion - local utility’s

contiibution to NOx emissions)

190

13



upgades thacould hae been consided &
different time fames. kally, Scenaio 5
represents the cerafplant nev under
constuction d Cal Stae, Fullerton.

The souce eport for this case styddoes not
quantitdively report the manitude of enagy
savings &pected due to the updes
discussed

DETECT, THE IEA CONSEQUENCE
MODEL (1992 P1.1)

What is DETECT?

DETECT standsdr Distiict Enegy, The
Ervironmental Considetions & Taxes.The
name desdoes the pograms ility to include
the enwironmental considetions in the
economic angkis eg. as &tra expensesdr
equipment ér smole puification or gaduded
taxes on polluting fuels.

The DETECT computer pgram is mainy

intended 6r the non-specialishut the options

build into the pogram also mad it possile to

make moe detailed calcutions.The

methodolgy used mag&s it possike for the

non-specialist to pesfm a peliminary

feasibility stug for a specit site - your owvn

city or aea,therby allowing a demonsétion

of the potentialeduction in emissions if a

DH&C and CHP skheme vere to be intoduced

in your aea. In this vay specialists hae placed

at your disposal their krwaledge of the

advantayes of distict enegy systemssud as

the possibility 6r:

— less local air pollution,

— reduced conibution to the global
greenhouse &ct,

— increased fuel-use figiency,

— reduced engy consumption,

— competitive enegy costs.

The output gaphs and thles will be useful
when demonstiting to politicians and other
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decision-makrs what the potential ér fuel
savings and emissioreductions & when a DH
or DH&C sdeme is intoduced

DETECT can also be aluéble tool for a
DH&C specialist br completing maoz
feasibility studies. Hwever, more adranced
tools should be usedffthe fnal stug. This is
especial} true for the @aludion of
constuction and maintenance and ogigm
costs.

Why use DETECT?

DETECT perbrms a peliminaly study using a
number of economic pametes (investments,
enegy prices) and calcutas the eductions in
emissions compad to a eference altanaive
(the evolution of enegy costs and emissions if
the derelopment contines without bange in
enegy souces).

DETECT does noteplace the neef a
specialists detailed calcuteons,but it does
provide information suitdle for preliminary
planning puposes.

Therefore, if DETECT shavs tha DH&C is a
promising altenaive in your aea you ae
encoueged to perbrm mote detailed studies or
to contact consultants or eggroffices who ae
specialists in DH&C and CHP

TheWashington St& Enegy Office (WSEOQ)
has deeloped a computer pgram called
HEATMAP, which is one possibk tool for a
more detailed stud

A special aure of DETECT is thait allows
you to put a gce tag on the evironmental
impact eg. an ecise tax on pollution &rm
exhaust fumesasulting fom buming fuels br
heding and coolingThis piice on the
ervironmental impact can be ilnded in the
economic andifiancial anajsis.

The igure for this tax can beéxXed in may

ways:



— The maginal expensesdr flue cas
purification

— Capitalizing of the han done ly emissions
to the emironment

— Actual emission or fuel tas.

For eat case stgror stug you cary out a
project fle is geneeted This file contains all
the dda necessarfor the stugl, and the stugl
can aways be eproduced with these ta

As you have receved your copy of DETECT &
the pinting price or mgbe een free of hage,
you ae invited to mail a dis&tte with these
input files from your studies to N@EM in
retum.

A form for submitting fles to NO/EM is
endosed as ppendixVIl. Please note thahe
project fles will only be useddr stud/
pumposesThe submitter does notveary
responsibility br the contents of théds or for
their use In case theasults ag pubished it is
guamanteed thiathe pojects can not be
identified.

Expecting thaa suficient rumber of fies will
be eceved the IEA Executve Committee
plans to pulish a eport with a compaative
study of the case st@s eceved

How does DETECT work

Performing a DH&C fasibility stug involves
the handling of mch dda. DETECT povides
most of the necessadaa as dedult dda.

There ae defwult dda files for eat of the
counties paticipating in the IEA Distict
Heaing and Cooling Riject. These dta hare
been pepared by ndional epetts.

For a stat;, the user of DETECT owlhas to
provide the dé&a which is specit to the poject
in question.

This dda can be ented when 'Daa

in the pogram setup (the pgram deéult is
'SUMMARY").

The complete da set can be studied and
modified when 'Daa Requiements:
DETAILED’ is chosen in the mgram setup.

It is highly recommended thgou alvays run
the 'SUMMARY’ version frst,wheneer a nev
study is begun.

DETECT compaes the ppposed DH&C
project to areference altenativein the section
called 'Rekrence Scen@’, i.e. the situsion of
the aea being studied if the qant
development contines without the intrduction
of DH&C.

PROMOTION AL MANU AL FOR
DISTRICT ENERGY SYSTEMS
(1993 P9)

Part A of the mamal explains why the mamal
was pepared and itsale in assisting delopes
and pomotes of Distict Heding Systems with
their pomotion actiities. Impotant tems ae
defined elaed to the peparation of a
promotion plan.

The pupose of the maral

District heding and cooling (DHC) systemsear
a well proven gproad for meeting the theral
enepy requirements of bildings in an dicient
and eliable mannerDHC systems compete in
the maket for themal enegy sewices with
individual kuilding tednolagies. Competitie
successdr DHC is detamined ly the etent to
which the distict system pproad is pefered
by decision maérs to indvidual kuilding
heding and cooling options kich ae

available.

The installtion and opeation of DHC systems
can povide signifcant economicenegy and

RequiementsSUMMARY’ has been selected ervironmental benét to the commanity in
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which they are locded as well as to the
customes of the system. Both theatent and
desiability of these social benid are being
increasingy recaynized by mary national
govemmentsThis recanition has been
translded into suppdrfor DHC systemsyp
mary govemments and engy-relaed
organizdions.

In recent yass, the Intenaional Enegy
Ageng (IEA), through the Distict Heding
ImplementingAgreementhas povided
suppot to mary technolagy development
projects elated to distict enegy systems.
The tetinology development poject
suppoted by the IEA and nfonal
govemment hae made signi€ant
contibutions elaed to te@nical issues of
DHC system design and ojéon.

It has become ineasingy clear, however, that
the most signi€ant obstales to the
implementgion of nav or expanded distct
enepgy systems can comeofn institutional
rather than telenical issuesThe gpal of this
distiict enegy system ppmotion manal is to
address one set of institutional issutgse
which ale relaed to the d&ctive promotion of
new or expanded distct systems.

Proponents of major distt system poject ma
work for several possilte types of
organizdions. In mag casesthe geneal
manaer of an &isting system will tak the
initiative to identify a majorxgansion poject.
In other casesn older system kich requires
renovation may be puchased andevitalized by
a DHC compay Other poject poponents mga
be elected dicials or administive mangers
within municipal govemments.

What all of these prject poponents hee in
common is thefalleng of qrining suppdrfor
their distict system conga from a dierse
group of oganizaions whose inteests mg be
affected ly its implementtion. Mary different
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types of oganizdions,sud as nunicipal
govemments utilities, owners and mangers of
large huildings and pvate developes, are
affected ly distiict systems. Edcof these
organizaions has its wn mandée, interests and
method br making commitmentof caital
investments. Edcalso has its peeptions and
in mary casesmispeceptions of distict

heding and cooling systems.

A major dhalleng eists,therfore, for the
proponent or 'blampion’of a distict system
project to @in the acgatance and suppioirom
this diverse set of aganizaions for a poject
being poposed Similally, an esthlished DHC
system rast also maintain suppdor its
ongoing opeations from those gups wose
interests it affects.

Gaining suppdrfor a nev distiict system or
maintaining suppaifor an esthlished system
requires the dkective plomotion of the benéé
of the distict system pproad in geneal and
the poposed or eskdished DHC system in
paticular. More specifcally, the poponent
must deally and cedidy comnunicae the
ways in which distict systems can cotiibute to
meeting edt group’s self-inteest.

Most of the people tho ae involved with
distiict heding and cooling h&e a sound
undestanding of the tdmology and ae eaer
to opeste a lusiness Wich provides eficient,
reliable themal enegy to their subsdbers.
However, mary do not hae epetience in
maiketing and pomotion and hee difficulty
seeing themseés in the ole of pomotes. It is
not suprising thad the lusiness disciplines
required to oganize and delier actvities to
peisuade otherof the madts of distict systems
are quite diferent from the tebnical disciplines
required to planjnstall and opeate the system
itself.

The IEA has thexfore identifed the need to
provide piactical assistance to those peoplew
are dtempting to solicit suppofor proposed or



estdlished distict enegy systemsThe most
useful brm for this assistance has been jedg
to be a ppmotion manal.

The pupose of the ppomotion manal which
follows is to help pymotes and deelopes first
identify the goups vhich must be aproadted
and then ayaniz a set of tgeted pomotion
actiities which will communicae the most
factual and psuasie evidence smailable.
Through these adfities, the pomotion
objecties of avarenesscredibility and
ultimately suppot for the poject being
developed can be &@&ved among the tget
groups and @anizdions.

In order to oganize promotion actiities, it is
important to undestand thathree types of
decisions detenine the dgree of success of
district systems in peneding the maket for
themal enegy sewices.These thee types of
decisions povide the basisdr organizaion of
this mamal:

 First, building owners nust decide to
connect andamain connected to the DHC
network. They must be pesuaded thiatheir
needs will be better met tiugh connection
to the distict system than tlaugh indvidual
building systemsThe decision picess of
building owneis and hw promotion
activities can infuence this prcess &
discussed in &t C of this manal.

» Secondthe DHC system itself ost be
conceved implemented and supped on
an on@ing basis. Br municipal systems,
mary organizdions and bisinessifms,
valious nunicipal ggvemment deaitments,
political officials and the eledtr and gs
utilities sewing the commnity, are afected
by the implementidon of a DHC system.

The decision mais in eab of these ups
must be pesuaded thiza distict system
represents a soungpproad. The stes
associted with the estaishment and

continued vidility of district systems and the
role of pomotion in this pocess a discussed
in Part D.

¢ Third, the dtractiveness of disict systems
to decision madurs is stongly influenced
govemments policies and pgrams athe
stae/provincial, naional and intemational
levels.These policies and pgrams can tad
several forms:

— Reayulaory measues,suct as enayy
efficiengy standads or emironmental
controls

— Economic instumentssud as taes,
subsidies and fre contpls

— Informaional piograms,which can
distribute daa on tebnolagies or
provide moal suppot for tednologies
viewed as desable. As discussed indt
E of this mamnal, the net esult of these
policies and pograms can be either to
enhance or to inhibit the niaat
prospectsdr distict systems.

Planning a Pomotion Campaign

The tem 'promotion’can hae different
meanings ineryday usaje. Futhemore, it is
possilte to confuse mmotion with the tens
'marketing’and sales’. r the pupose of this
marual,a simple dehition of promotion will be
followed a defnition which is consistent with
that found in maketing couses and tebooks.

Promotion consists of commmicaion which is
initiated betveen distict system deelopes and
opewtors and thosergups wose integsts ag
affected ly the distict system opetion. The
purpose of these comumicaion actiities is to
influence the titudes and decision bekiaur of
these goups in oder to maintain or inefase
their level of undestandingaccetance and
suppot for distict systems. Due to the toge of
mary promotion actiities, sales and puic
reldions can be seen as major components of
promotion.
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Promotion can be seen as one ofesal
actvities perbrmed within the mar geneal
function of maketing In adlition to poomotion,
maiketing is concered with sub issues as the
detemination of a distict systems competitie
positioning setting piorities among ne
customer pospectsestdlishing a customer
sewice ofientagion and manging the systeng

pricing poligy.

A promotion plan isequired to oganiz an
effective set of ppmotion actiities. To prepare
a pomotion planthe deeloper or opettor of a
DHC system rast cary out four stes:

1. Identify taiget goups br promotion
actvities and undestand their cuent
attitudes and behd@our patems.

2. Estdlish realistic ppmotion objecties
based on cuent dtitudes and beléur
patems of the taget goup.

3. Select the spedif promotion actiities to
read the objecties.

4. Utilize the most psuasive benets and
examples in commnicaion actities.

Ead of these components of eoprotion plan
is discussed belo

1. Target Group Attitudes and Behaviour
The goups with vhom comnunicdion tales
place ae mary and aried. When a pomotion
effort is directed &a paticular goup,it can be
refered to as a tget goup.As depicted in
Figure 1-1,groups can iniude:

Groups vhich provide resouces to the system:

* Employees

» Supplies of Goods and Seéces
» Customes

» Capital Makets

Groups vhich provide the egulaory and fscal
ervironment and bisiness dection br the
system:

* Pubic Authoiities

» The Systens Boad
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Groups vhose #itudes afect the systers’
success:

* Employees’Family and Fiends

¢ Mass Media

* Potential Customer

* Engneess andArchitects

¢ Interest Goups

An additional goup - competita - is also
associted with the warld within which the
district system opetes. Havever, district
systems will arely initiate comnunicaions
with this goup.

2. Attitudes and Current Behaviour

The stating point for the deelopment of a
promotion campaign is to detaine «isting
atitudes and behléour patems among the
DHC systens taget goups. ler example
some goups ma have no knavledge of
district systemspthess mg have
mispeceptions dout the DHC conge and
still others mgy be enthusiastic supgers.

Cleaty, the naure and &tent of gpropriate
promotion actvities will vary for eat of these
situations. Through brmal and inbrmal
suiveys of a coss-section of membepof eab
group, it is possilke for a DHC system
proponent to identify and undstand the
cument dtitudes and behdour patems which
affect DHC.

3. Promotion Objectives

The comnunicaion actiities which compise
a piomotion pogram should be based on
cleally staed objecties.These stements of
objectives can enserthd ther is a ealistic
expectdion of wha the comnanicaion
program seeks to &deve with eab group of
decision makrs who ae tageted
Furthemore, when ealistic specit objectives
are estélished it is possile to measwe the
extent to vhich intended esults hae been
attained



Appropriate objectves br a ppmotion pogram
will vary depending on the riare of curent
attitudes and behéour found among edc
target goup. Havever, generl objectves can
be esthlished br nev systems ordr
estdlished systems.

For nev systems or systemdweh seek major

expansionsthe general promotion objectire can

be expressed asllows:

» To estélish avareness and supgamong
those goups vhose inteest ae afected ly
a major distict system poject.

For systems Wwich ae mdure and vell-
estdlished the poomotion gals can be stad
as bllows:

« To maintain suppodramong thosergups
whose onging ba&ing is neededdr
continued system viaility.

In addition to a gnerl objectve, specifc

objectives ae needed to guide the

comrrunicaion actvities estalished br eath
target goup.These objecties ae based on the
premise thathe ole of pomotion is to
influence the cuent dtitudes and beléour
patems of the arious taget goups. Based on
an undestanding of vich curent dtitudes ae
suppotive of DHC and wich ae not,precise
objectives can be edthshed

Several types of spedif objectives mg be
required Examples of these types of objeet
include the 6llowing:

To Creae Awareness of Stategic

Opportunities

Examples:

e Opemrtors of isting goup systems nyabe
made avare of the possibilitiesdr using
their system as a baser fa nev municipal
(subsciber) system.

¢ Municipal plannes mg be made &are of
the oppotunities to incoporate enegy from
municipal or indusial waste as engy
sources br distict systems.

To Suggest Nav, Relevant Criteria Which
Highlight DHC Benefits
Examples:

Municipal plannes ma not hae
consideed the elaionship of lilding
space hding systems to outdoor air quality
levels as a@levant citerion or factor which
should be inluded as the prepare long
range plans ér their comnanity.

Building ovners mg not hae realized tha
district systems maoffer their tenants
increased contfit, leading to the atition of
comfort levels as a dterion in the selection
of heding and cooling systems.

To Provide Factual Information on
Tecdhnology Options
Examples:

Representtive costs ér altendive
approades to billed water systems ma
be povided to consulting enigeess.
Stdistics on the impvement in air quality
in Scandingian cities vhich have
implemented xtensive distict systems
may be gven to gvemment oficials.

To Correct Misperceptions and Inaccurate
Inf ormation
Examples:

Engneess and othey may hold the
incorrect belief thathe pincipal hea
source for a distict system mst be within
a few kilometres of the hedoad This
mispeception could be coected ly the
comnmnunicdion of credide evidence thg
where a ety large hedload is aailable,
themal enegy can be tanspoted cost
effectively through hot veter piping br
distances of 10-20 km or m®(sut as the
17 km pipeline wvkich links Mannheim,
Gemary with a lage paver plant).
Building owners ma believe tha distiict
systems a& less eliable than indvidual
building systemsa belief which can be
counteed with sub evidence as the high
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levels of maintenancet aental plants and
the availability of badk-up boiles.

To Enhance Cedibility

Examples:

» Desciptions of successful systemsyd as
those in HelsinkiFinland Malmo,Sweden,
Copenhgen,Denmak, St. Raul,

Minnesota and Ne York City, can incease

the level of confdence thadistrict systems
do represent a pven, low risk goproad.

e Site visits to estaished plants can sho
local officials, building owners or
consulting enmpeess tha distiict systems
represent a gnamic contempoary
approac which can adgat and gow to
meet the comuomity’s themal enegy
needs.

It should be stssed thiathe specit objectives
for eah promotion pogram nust be deeloped
based on the @umstances of ehcitudion.
Further guidancedr the estAlishment of
appropriate objectves is povided in Rts C,D
and E vhich follow.

Promotion Activities

Comnunicdion actvities which ae caried out
as par of DHC piomotion ae typically simple
and staightforward. Most,for example consist
of one-to-one meetingduring which the
advantayes of distict systems ar discussed
with influential membes of key groups. Other
comnunicdion actvities mg consist of plant
tours and goup pesenttions.

Comnunicaion maerials, sud as peodic
newslettes, sales bochures and position peIs
for specifc issues or mjects,are also
frequenty used to suppbpromotion actiities.

Benefts of DHC Systems

A DHC system can pride signifcant benefs
to system customsias vell as to the
comnunity in which it is locaed For building

advantayes will accue upon connection to the
systemThese adantayes ae highlighted in the
'8 Reasonsselling sheet mpared by the
Intemational Distict Enegie (IDEA)
Associdion, shovn & page 22.

The bendfs to customes ae discussed mer
completey in Part C.

For the commnity and society ingneal, the

beneits offered by a DHC system idade:

e The positve economic impacts of
constuction investments ancetention of
enepgy expenditues within the commmity.

« Enegy impacts of substitution of impiad
enegy souces sub as oil with localy
available resouces sub as biomass and
municipal waste

¢ Environmental impacts sheas the
improvement of local air quality and
reduction of CQ emissionsA more
detailed discussion of DHEbeneits to a
community and society is psented in &ts
D and E.

How to use the maral

This mamial seeks to jride assistancef
those vino ae leaning eout DHC br the frst
time as vell as those Wwo have been in the
DHC industy for mary yeass. Thus,Part B, an
overview of DHC, should be of interst
primaiily to the frst goup. Ruts C,D and E,
which discuss Rimoting to Customeg
Promoting a Municipal System anddPnoting
at the Level of Naional Gwemments and
Intemaional Oganizdions,should be of
widespead inteest.

The gpendices inade case studieproject
examples and list of atitional souces of
information. These sowes of inbrmation
include a billiography of reports, studies and
other méerial, a directol of distict enegy
associsions and a list of gvemment gencies
and d@atments with integsts in disiict
systemsThe use of this paof the manal will

owners, important economic and non-economicdepend on the spedifareas of integst of the
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reader

Through the use of this maal, the system
proponent can learébout the *basicsof
district systems and ppar an effective
promotion planThe mamal should sefe as a
useful onging reference as the pponent
paticipants in the deelopment and oraing
opetion of a distict system.

Why District Heding and Cooling should be
utilized is shavn in the 'Eight Reasons Sheet
as pepared ty the IDEA (pae 22).

Part B of the manal piovides an intoductoy
overview of distiict heding and cooling (DHC)
systems. Numewus tems ae defned which ae
used thoughout theemainder of the maual.
An overview with desciption of the \arious
types of distict systems isigen.After tha, a
summay of the pmcipal benets or adiantagges
offered by distiict systems is @sented
Furthemore the ange of available tednolagy
options is high-lightedA discussion of met
accetance - paspresent and futer -
condudes this parof the manal.
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1. Plan on lover capital costs

The pincipal and integst pgments propety
taxes,and insuance costs assotéa with nev
boiler and biller installgions ae all eliminaed
with distiict heding and coolingThe ony initial
costs in most ildings opting ér DHC sevice ae
for a heaexchanger and elaed piping and alves.

2. Plan on lover energy costs

With distiict themal enegy, a huilding puichases
only the enggy it needs to meet itequirments.
There is no onging caital expense to upgde
rebuild, or maintain gcess cpacity. In-building
boilers and tillers typically cary excess cpacity
to meet occasional peak demawthich leads to
inefficient patial boiler and biller loading duing
most of the gar This results in poor seasonal
efficiengy. By contast,cental boiless and aillers
are opested to abieve the highest seasonal
efficiency possitte.

3. Plan on lower operating and maintenance
costs
With distiict enegy a luilding has less needif
highly trained on-site maintenance and @iaeg
personneland cost anrual maintenance
contracts. Boiler andhiller opegting expenses
(i.e. electicity, water treadment dhiemicals,
insurance refrigerant and mad-up water) ae all
eliminaed

4. Plan on stdle competitive enegy rates
Cential DHC systems can coart to the least
costly and most ailable fuel,and thus duieve
economies of scale wittolume puchasing
Systems ar ale to tale advantage of nunicipal
solid waste systems here they are available. They
can also utiliz waste heefrom electical
genestion plantswhich is not pactical with in-
building systems due to an imbalance of electr
and themal loads.

8 REASONSYOU SHOULD UTILIZE
DISTRICT HEA TING AND COOLING

FOR YOUR BUILDING

Plan to save monegy, enemgy, and reduce pollution with district heating and cooling

For the pospectve kuilding ovner/manger, district heding and cooling (DHC) sgice provided by a
cental themal enegy system dfers a mmber of shdr and long-tem economic and témical adantayes
by eliminaing or gedly reducing may of the opeating, maintenancestaf and caital costs assodied
with boilers and billers in individual kuildings.

5. Plan on more revenue generating space
Elimination of production system and their
auxiliaries within a hilding frees up alueble floor
space ér income-poducing puposesand incease
architectual flexibility. The use of DHCeduces
vibration and noise mhlems and elimini@s the
need br staks going up though a hilding.

6. Plan on reliable heaing and cooling sevice
Cental utility systems typicayl are better
maintained and opated than in-hilding systems.
They are manned 24 hosra dg by highly
qualified opestors, are on stict maintenance
schedule and can bewitched to a eseve fuel
source as needed@adup caacity and bakup
enepy plant edundang is alays readily
available, without the needdr in-tuilding reseve
boilers.

7. Plan on lower costs thiough system
expansion

As moke customes join eab DHC systemthe

fixed caital and opeating costs a& spead @er a

large baseand indvidual enegy bills are reduced

or stdilized

8. Plan on a deaner ervironment

Cental enegy sewice from a themal plant
reduces theumber of smo&sta&s thioughout a
city, and potects air quality Y rigid contiol of
emissions. DHC elimirtas poblems associad
with fuel delvery through a citys congsted
streets,concens over fuelavailability and stoege,
as well as other opeting and maintenance
responsibilities. May cental heding and cooling
production plants hae oil or gas pipelines to
facilitate volume fuel delrery. When thg are
fuelled with coal or manicipal waste cential plant
typically have stae of the ar comhustion and
pollution contol systems.

22




Area 3
Piping Tedhniques

UnderAnnex Il the actvities on the item
Piping Techniques vere concentted to the
following subtasks:
A: CFC-free Plasticddkets Pipesdr Disttict
Heding
District Heding Piping with Plastic Medium
Pipes; Stas of the Deelopment and
Laying Costs
. Bends or Plastic ddket Pipe Systemske

to withstand high @ins\erse Loadings.

B:

CFC-FREE PLASTIC JACKETS PIPES
FOR DISTRICT HEATING
(1992 P6)

Introduction

For mary yeas plastic jaket pipes poved
worldwide to be an economic anelieble
laying system dr distict heding pipelines.
Especialy during the 805 the stte of
knowledge was documented inumeous
investigation reports. For the poduction of the
pipes up to ne the Howing agent CFC-11 \as
used which as cellular gs was also esponsike
for the god hedinsuldion of the PUR-dam.

Consideing their oone-d@leting efect, CFC-
11,as vell as other fulf halogended dloric
chemical compounds ewe adopted into the
Montreal Pptocol,which means thiztheir
further gplicétion is limited As a consequence
individual counties issued las and egulaions
regarding the banning of these substances
during the nat few yeass.

Seaching for altenatives br the CFC-
containing bam the indusyrfollowed diferent
methodsthe most impdants of vhich are
descibed

In view of new investiggtion results (imate
measuements) and the political gssue, the
Montreal Potocol as well as the néonal
regulaions ae subject to constanhanges.The
present (Ebrualy 1992) stée of the plastic

jacket pipes is desitred on the basis of a
Swedish IEA-suvey and a ne& Geman stug.

The assessment of these altives is in most
cases based omlues obtainedybthe
applicaion of the poved CFC-containingadam.
In the eport a desdption is gven of the
technical perequisites ér nav foams paying
special &ention to:

sheaing resistance

compeession sength

tempeature resistance

aging resistance (seice life).

During the last gais numeous irvestiggtions
on the n& foams hae been cared out.The
most impotant irvestigations and the
comespondingesults ag pesented

Since the end of 1991 it ided to
intemationally coodinae the ivestigation
programmes. In vier of the coss-boder co-
ordination in connection with westicated foam
systemsthe gplied stesses and the testing
tempeestures,there is the pospecttha single
investiggtion results my form pat of a useful
global assessment.

Summay

Within the nat years, the plicaion of CFC-
11 will be forbidden in all of the imestigated
countiies. In the distct heding makets thee
are thiee altendive foams or plastic jaket
pipes ofered todg by commecial production:

COy-foam fiom different mamifactuers
M90-foam fomABB 1I/C Mdller, blown
with 1.1.1-tichlorethane and HCFC-22
'green bam’from TARCO, blown with
HCTC-142b and C@

Intemationally there ae no estictions
regarding the aplicaion of CO,-foams.
Foams containing 1.1.1ithlorethane (sutas
M90) may be useddr some maz yeass; still,
there has been detained a deadline in all of
the investigated counties (dgending on the
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countr there will be a ban beteen 1994 and
2005).

Foams based on HCFC-142b and£4e still
allowed in most counies ecept Switzdand,;
here, all HCFC's ae banned fsm the war 2000
onwards.According to intenaional stdements
and naional legal projects thee is a tend tha
the poduction or aplication of all oone-
relevant oams shall beeduced

For the sad opeation of plastic jaket pipes
with CFC-11-fee bams it is indispensie tha
the tednical lequirments esulting out of the
themo-medanic stesses @& met.These
requirements egard:

sheaing resistance

compeession sength

tempeesture resistance and

aging resistance (seice life).

During the years 1987 to 1991 seral counties
caried thiough intensie investigations on
CFC-free bams but these iestigations were
substantial} impaired by the Pllowing facts:
during the &ove mentioned pérd the
foams vere still in a nascent gie;

in mary cases the test methodsm not
suiteble for CFC-free bams;

neither the iwestigated foams nor the test
conditions vere coodinged betveen the
testing gencies.

Not until in 1992 coodinated investigations on
reference bams staed The greement on
reference bams and the codinaion of the test
conditions constitute imptant perequisites ér

a global assessmeifithanks to the coopation,
investigtions caried thiough & different

testing gencies and with pipes and test cubes
can be compad

Thete ae plans to adopt the wdest concpts,
which ale indgpendent fom Howing agents,for
the Euppean standdizaion. Then,the
required design pproval tests ér the maketed
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foam flom the \arious manifactuers mg be
caried thiough.The ony gap in the nev test
programmes Wich ale accompaniedybthe
European Roject Goup is the &ct tha
investigations on the axial sheag resistance
are missing The axial shedmg resistance is the
most impotant dharacteistic of plastic jaket
pipes,i.e. it allows endless-gng without
expansions joints.

It would be a pity if conasions on the axial
sheaing resistance could beavn only from
tangential cee tests. If thex should be gn
financial means\ailable for the irvestigation
of CFC-free bams these should be allotl
for the detanination of the axial shearg
resistance

Ther remains the hope ththe deelopment of
the CG, -foams contines the &nd shan
during the last gars, reading gadualy a
higher tempeature resistance so théhis type
of foam which is most &vourable for the
ervironment meets all the thmo-medanic
requirements.



DISTRICT HEA TING PIPING WITH
PLASTIC MEDIUM PIPES;

STATUS OF THE DEVELOPMENT AND
LAYING COSTS

(1992 P3)

Introduction

The medium pipe of a ceantional distict
heding system is made of steel since this
material is paticulany suitale for
withstanding thenal and pessue loads.
Plastic medium pipes can be radavourable
than steeldr small pipelineseven though
they can ony stand lever tempeature and

pressue loads.The assenlly procedue can be

so adiantggeous thacost eductions ér
pipeline constuction esult &en though the
pipe maerial itself is often moe expensie
than steel piped.o reduce the high
investments costs of pipeline consttion an
attempt nust be made to use these poksib

savings to the full They are offered in the aga

of small pipelines and séce connectionsdr
nominal diametes under DN 100.

The staus of the deelopment toda can be

summaized in thee sentences:

1. The xpeiiences madeybthe manfactuers
and fom gplicaions hae pioduced a
positive efect on the m&et, which has
increased thex@ected tunover of
estdlished manfactuers and has also
atracted nes supplies.

2. Manufactuers and userae following
difficult development objecties. Plastic
pipe systems will be open togfessional
applications and manfactuers will be dle
to increase their turover only when all
remaining @plicaion problems hae been
comectly solved

3. The tunover of pipeline meerial based on
cross-linked poyethylene is map times
higher than the tmover of poybutylene
systems.

These st@ements rast be gplained moe in
detail. The esthlished manfactuer of plastic
systems assesses thapgs of these systems
as positie. In adlition, a competent compgn
from Switzdand Kabewerk Brugg, has joined

Suitable pipeline systems with plastic mediunthese supplierand has intrduced a n#

pipes ae being offered for sale in all the
counties being consided hee inWesten,
Centmal and Nothem Euope although not
always to the samex¢ent. For this easona
compaison of the user jactice and
constuction costs beteen the counies
would be vorthwhile. The work is an
extension to an IEAepon, based on the
staus in 1985/86 Wich concened the
constuction of pipelines in &as of lov hed

density A compaison of pipe systems on the

market tody with those consided & tha
time males the apid development
experienced in this aa quite t=ar In fact,
not one system is still beingfefed on the
market without dlanges haing being made

The may nev developments mean th#é may

be assumed thahere is still a consideble
potential br a futher derelopment of these
systems.

system. It is also intesting to note tha
marufactuers of cowventional systems.e. of
plastic ja&et pipesare incieasingy extending
their palette of prducts intuding plastic
systemse.g. Logstor and Dansk Ridddusti.
Wirsbo hasen intoduced a complete system
although this compamalread/ has a ery high
position on the m&et as manfactuer of basic
maerial.

Plastic medium pipes ti@ been pplied in a
large umber of eference 'networks’ which,
for several products,have alead/ shavn
petiods of utilizgion of up to 12 gas. It is
noticedle tha the main aga of sales is the
small,household-dented constrction of
pipelines vhich are seved ty plumbes. In the
case of pofessional pipeline plannepf the
suppl for comnunities,these systems tha
only been intoduced in isoleed pojects vhere
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this type of design has beasgarded as
advantggeous as aesult of special@eliences
with plastic or ér reasons of intentional
industial coopestions. In paticular, the long-
term expeiience is not sdicient for distiict
heding supplies. In genesl, it can be said
here thda the main poblem lies in the
pemedility of gases though plastics. Ean if
one egards «kygen difusion into the heting
water as a ppblem tha was oiginally feaed
but which can be sokd with todg’s designs,
the scientiic discussion is beingetl as aesult
of the fact tha even water vapour escpes.The
supplier can oyl expect fiictionless sale of his
products vinen this question has bedealy
angvered and the ne systems sho
advantgges when composed with the gred
building constuctions.

A final decision on the adntages of
competing meerials polethylene PE-X

In addition, this work includes a stiic
consideation of the life of plastic medium
pipes.This was needed because of thetftha
system manfactuers were gving different
load limits for the same pipe

Summay

District heding pipelines with plastic medium
pipes can der adrantgges in pulic supply
systems with diameteidess than DN 100 he
standad design with medium pipes ofass-
linked polethylene PE-X (peviousVPE) and
polybutylene (PB) seem to be suita for loads
of an opeating pressue of 5 bar andasiable
suppl tempeature up to 9CC.

Pipelines with plastic medium pipesvea
brought cost adantages of up to 40% comped
with today’s standat design of plastic
compound jaket pipe with steel medium pipe
These adantayes \ary consideably from

(formeldy VPE) and pofbutylene PB cannot be marufactuer to mamfactuer; the differ in the

made The decisie adiantage of PB lies in its
weldability which males jointing easier
However, this adrantaye has disppeaed since
the mebanical jointing elementof PE-X ae
meanwvhile regarded aseliable. The
connecting stiners, available todg, have been
classifed both ly the user as all as the
marufactuer as soeliable tha they can be
buried in the gound Fuither deelopments on
these connectsrae no longr concentited on
a reliable function lut on educing costsyp
means of sang mderial and simplifying
assemly.

Scope of th@ask

The work presented herhad the objeate of
descibing the systems kich are ofered tody
and to pesent the stas of deelopment vhich
they have adieved Problems which still
hinder an unconditionalpplicaion should be
outlined A large pat of this work is devoted to
cost considetions which compae which
laying costs wuld be incured by a paticular
system in a pdicular county.
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northem and midlle Euopean counies
consideed hee as aesult of the leel of the
civil engneeing costs. Sangs ae a esult of
the fast andlexible method of Iging.

The lav propottion of plastic pipelines in
pubic district heding networks is pimaiily a
result of the sensitity to tempeature and
pressue and the ldcof expeiience of the
longtem behaiour. The use of thesdekible
systems will incease as long as the cost
advantages emain and futher positve
opewtional expeliences a& made and
tempeesture/pressue levels ae deceased



BENDS FOR PLASTIC JACKET PIPE
SYSTEMSABLE TO WITHSTAND HIGH
TRANSVERSE LOADINGS.

(1992 P4)

Earlier Design of Bends améingular
Deviations

Today, most of the distct heding pipelines a&
marufactuied as plastic jdet pipesThese
consist of a steel medium pigethemal
insulaion of PUR-bam and a HDPE j&et

pipe Chaacteistic feaure of this design is the —

fact tha distiict heding networks ae concered
for a sevice life of 30 to 50 gars and thathe
staically stressed plastics - due to thelirghce
of age and time - ar subject to stmg ayeing

Therefore, for design of the plastic components,

méaerial propeties which ae reduced due to
ageing hae to be pplied

Regarding the nomal maxinum medium
tempeestures betveen 9C°C and 140C, the
trans\erse loads maact on the PURegam @ a
very small extent. In case of high oubing
tempestures sub as 130C or 140°C, the
necessar pemisside compessve stain of the
PUR-foam is as high as 0.15 MP
Accordingly, the tians\erse displacement
occuring & bends has to bésorbed in
cavities (expansion unit) or inx@ansion pads
(foamed cushions) in der to potect the pipe
against high soil esistancedrces. or
corventional plastic jeket piped angular
deviations hae to be limited to maxiom
values of 3 and 6°, depending on the line
situdion.

Scope of the Styd

In spite of the conatictional impovements,

expansion pads arregarded as 'veak pointsbf

the plastic jaket pipe systemolr several

reasons:

— so far, the long tem opeertiveness of the
expansion pads has not beeovad;

— expansion pads constitute andétbnal
themal insuldion which causes thidhe

plastic pipes jaket tempesture is
increased,;
— when the gpansion pad is comgssed
consideable reset brces ae actvated,
which cause a considale load on the steel
sewvice pipe and PURelam;
— at road sectionghe gplicaion of
expansion pads causeddittbnal pioblems,
because theecommended beiag cgacity
cannot beeaded & road suréce leel if the
depth of covering is low;
large pipe diametarand non-prheded
piping result in lage expansions and lge
varations of pansion mne lengths. In
most cases thosgmansions cannot be
absorbed inside thexpansion paddecause
the pemisside expansion pad thimess a&
limited by soil medanics and heig up of
the PE-jaket.

Another ppblem ae the angular déations
between ®dout 8° and 80°, which nomally
cannot beealized with the 6rmer plastic jaket
pipe systemThis males it either ather dificult
to find the linespr cost intensie compeng#on
elements a required

Aim of the Stugl

Part of the irvestigation project 'New Testing
Tedhniques and System Componerttthe
Plastic &det Pipe’,caried though ty Gas-
Elektrizitats- undWassenerke KOINAG
(GEW) is to eclude out the usualkpansion
pads abends.

GEF (Ingnieusgesellsbaft fur Enegietednik
and Femwaeme GmbH) which is entusted
with the perbrmance of the stydassumed tha
this was not possik with the usual components
of the plastic jaket pipe because the ineased
loads cannot be withstood beither the slee
joints, nor the bam or the steel pipe

Therefore, pipes hae to be deeloped viich
can be loaded especialh trans\erse diection
and vhich, with pemissilde stessescan cary
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these loads. dt this pupose the deelopment
of a foam with high adial compession
resistance tads the limelight. Sut
'polyurethane-lightwight concete’would
have to be hle to tanskr the tans\erse loads,
which ae causedythe beding reactions &
the danges in diectionsto the medium pipe
during its total sevice life.

Summay

In an intenaional coopegtion a nev
componentdr the plastic jaket pipe system
has been deloped which allons a design
without 'weak point'expansion pads and
which males it possile to ralize ary chang
in direction betveen 0 and 180. This will lead
to lower laying coststo higher opeational
sakty and - last ot not least - to a lorgy
sewice life.

The nev componentfor which GEW Colgne
applied an intemdional pdent,is based on a
Geman irvention.Today, it is marufactued by
the Danish system mafactuer TARCO. The
soil reaction vhich is the main basiof the
design is based on $es of measw@ments
from theASCE (Ameican Society of Giil
Engnees).

The bend Hle to withstand high ems\erse
loadings is totajl conformal to the system and
is connected to the siight plastic jaket pipe
with the usual joint - lik a standak pipe A

leak detecting dece mg be lept inside the
bend too.

The bends ability to withstand higher
trans\erse loads is due to ainforcement of
the foam with epanded glass beadghis
reinforced Hbam has a parisside compessve
stress vhich is 10 times higher than thaf the
non-rinforced bam.Therefore, bends ale to
withstand high @ns\erse loadings can
definitely withstand the soileactions wich
occur as a consequence of thengerse
displacements of the pipe
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The PUR-bam has to besinforced ony in
those sectionsyhere the adial compessve
stress is too highdr nomal foam. Due to the
high soil eactionthe tlans\erse displacements
dedine alread after a shdrdistance In case of
smaller and medium diamesgeonly slightly
lengthenedreinforced bend sides arequired
Normally, bend lg lengths of 1 to 1.5 mar
sufficient.

After 3 yeass of testing in lhoratories and pilot
plants the n@ components &rconsidezd
read/ for the maket and ag gplied in seeral
European test sited systeméc test is cated
through @ two test sites in Cobne gplying
cold laying DN 150 to DN 40. Hex, occuring
displacements of the systeneamwllected with
mm-accuates. Besideghe steel sesses &
measued both,n longtudinal and in
circumferential dilection,at the highest loaded
cross-sectionsta circumferential points with
the help of wie stain cgauges.

A further gplicetion will take place in 1992
with cold laid lengths DN 300 in Copergen.
Here, the occuring forces and displacements
are reduced g lowering wall thickness of the
straight pipe

The bendsdr plastic jaket pipes ble to
withstand high &ns\erse loadings & &le to
take up - under coesting load and
tempeature - high adial compessve stesses.

Here, the non-geing expanded glassobm
transkr the brces staing from the medium
pipe onto the plastic jket pipe In case of the
new bends 6r plastic ja&et pipes ble to
withstand high @ns\erse loadingsthe
function of the 6am,which loses most of its
resistance ltaracteistics under tempeture
and timeis reduced to the bedhg of the
beadsTher is good hope thiathe plastic
jacket pipes sevice life can be in@ased
the gplicaion of bendsdr plastic jaket pipes
able to withstand high &ms\erse loadings in



the aea of hianges in diection,and can help
to reduce the costs.

Regarding its tetinical and economical
advantges it has to be assumedtthize nev
component will soon e its worth in the
market and thait will be gpplied moe often
from 1993 onwards.
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Area 4

Consumer Heding System Sinulation

CONSUMER HEATING SYSTEM
SIMULA TION (1992 P5)

Introduction

The objectie is to deelop a gnamic
simulation tool for consumer heg systems
especialf designeddr distict heding.
Compaed to taditional H\AC systemsthose
connected to digtit heding systems dfer due
to flow contiol and bcus on tempeture
difference of the pmary water. In this eport
two system conges ae desdbed one mdiaor
system and one systewr fventilaion air
heding. These tw systems & combined as

consumer instalteons and linked to a consumer

substéion hed exchanger. The total system
concet is desdbed

Some test simlations ae presented toige an
idea of the alterative gplicdions of the
simulation tools.

Summay

CHESS is a PC-basegmhmic sinulation tool
for Consumer Heing Systems especigll
designeddr Distiict Heding.

The tool is also ety useful br Heding Systems
in geneal where a gea cooling of the hot
water is impotant like in systems with héa
pumps.

The CHESS-cong# is based on a modular
structure where the systemagu want to analze
can be hilt together fom sgarate models of
the actual components in the system.

The basic models takcae of the dfect of
varying weter flows and its inuence on the
hed trans&r coeficients.

At this stage of the pogramme deelopment the
linking procedues hae to be doneybexpetts.

‘reference systemThese gecutive
programmes mg@ be opegted \ery easiyy by
non-epets.

The CHESS-cong# ma/ be useddr several

pumposes lile:

e Optimizaion of tempeature differences and
the water cooling in the system

» Evaludion the eguldivity of the system

» Choosing theight regulaor

» Adjusting the egulaor

» Evaluding of regulaing valves

» Choosing theight values

» Choosing theight place ér the sensar

Evaluding the egulding consequences of

hysteesis etc

The concpt males it possile to ezaluae the
whole system opaetion on the designsge and
therby eliminae bad system coiglurations d
an ealy stgge. The CHESS-conge may also
be used to angte eisting bad verking
systems to see thefefts of possile changs of
the system.

The simulation program is adpted flom a
simulation tool named CYP&S SIM which is
a program for solving nonlinear yhamic
problems.

Ordering of dislette

A diskette with the gecutive plogrammes thia
are developed mg be equested oim the
member of the 'E@cutve Committeefrom
your avn county of from NOVEM, The
Opesting Agent.

The fPllowing reference is ecommended:
'IEA-District Heaing and Cooling Riject’,
Annex Il 'Consumer Heting System
Simulation (CHESS)November 1992.

More developing work is needed to enhance the

user fiendliness to a lel wher a non-gpett
may build his avn system cordurations.
The pogramme in hand contains twsgarte
executive piogram-\ersions of a hosen
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Area b

Supelvision of District Heating Networks

QUANTIT ATIVE HEA T LOSSANALYSIS
OF HEAT AND COOLANT

DISTRIB UTION PIPES BY MEANS OF
THERMOGRAPHY . (1993 P8)

Badground

In those countes which have a long tadition of
district heding, a nev concen has asen
recenty: cettain distict heding networks ae
approading the end of their ténical lifetimes
and the hedoss in older culert networks ae
increasing signitantly. In oder to dat the
requirements andesouces br maintenance
measues,it is impottant to be ble to diggnose
the conditions of the piping nebrk.

One method in@asingy used ér hed loss
detection is based on airlnerand goundbone
themography. In this method the npging of
the gound tempeature can be used tavg
qualitaive information aout the netwrk

conditions,mainly with the aim of inding leaks.

With the help of mae refined anajtical
methods it is possi® in the long un not ony to
trace leaking media pipdat also to detenine
the condition of the insuli@n. In tha way it
will be possilte to diaw condusions &out ary
damaye to the potective casing of the cuért by
detemining the amount of hédoss
guantitaively.

For the last couple ofgais Studsvik has been
working on the deelopment of a methoaef
quantifying hetlosses fom distict heding
pipes ly means of thenography, reference [4],
[5]. An overview of different pats of the edier
and pesent pojects vhich hase led to the hda
loss intepretaion model is shan.

Aim of the poject

The aim of this mject was to eiify a model br
guantitdive detemination of headlosses using
the tempeature piofile on the gound surdce
above a pair of hot water distict heding pipes.
In practical gplicaions,this piofile can be
generted by means of thenographic methods.

A second aim of the pject was to &tend the
model to intude pipesdr steam distbution
and distict cooling

Scope of wrk

The work to be catied out deals with the
following problems:

— refining the model ® system#c sensitvity
studies intuding second ater efects due to
varying ground popeties

modification of the modeldr steam pipes
development of modebaension ér coolant
distribution pipes

expelimental \erification of the model on a
test pipe with contiled hea suppy,
simulating hot water and steam pipes,
respectiely

application of the model to a therographic
evaludion system.

Condusions

— The model ér quantitéive themography
analses has shen to enlage the ange of
applicability compaed with conentional
themography evaluaion. Under ideal
conditions the hedoss flom distict heding
pipes can be angied within an accay of
+10%.

— The intepretaion model vas gplied in a
field expeiiment inVasteas shwing its
usefulness in the fthrer anaysis of
guestionale sections as detected in the
course of a gnenl themography suwvey.

— The intepretaion model needs an input
value of the ®nd depth with a higher
accungy than often aailable from
drawings. In this case the use of elecic
sensor teleniques ér pipe detections might
be a possibility

— The themal conductiity of the soil has - in
contrast to a common opinion - gnd
reldive small infuence on the hedoss.

— The gound nust be dy, otherwise
evaporation of water on the gound will
affect the tempeture piofile. However,
well wetted suréces canjinder some
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circumstancesalso be usedf qualitdive
evaludion of the pipe standdr

A drying surfice will cause misleading
results due to tant heatranspot.
Themography duiing exposue to long
wave and solaradigion is possike if the
surface is unibrmly exposed to theadigion
and if it has a hongeneous emisgity
within the surfice aea to be angked

The pevailing wind conditions décts the
tempeeture piofile for several hous. This
effect can be idaded in the intgrretaion
model with futher anasis.

TheTX factor measwd d a cetain
moment epresents the insuian staus (and
tempeesture condition) fom a peiod
stating eéout one week pior. Hence
changes in the insuldon stdus which ae
more recent than thigan not be coectly
analzed Similar, if the distibution
tempesture changed dastically within the
preceding veek or sopne nust be caaful
in intempreting the thenography results.
The intepretaion model can also be used
with high accuagy for steam distbution
systems. Its higher tempature level
compaed to hot water distibution systems
facilitates the ealuaion of the
themography picture.

It is difficult to quantify the heagain in
district cooling gplicaions by means of
guantitdive themography anaysis due to
the small tempeture differences aithe
ground suréce

Quantitdive themography anaysis can be
used or leakae detection in disict cooling
systems. Haever, the pocess of leaking
water soaking therpund nust be futher
anayzed



Area 6

AdvancedTransmission Fluids

UnderAnnex lll the actvities on the item
AdvancedTransmission Fluids &re
concentated to the éllowing subtasks:

A: Advanced Engy Transmission Fluidsor
District Heaing and Cooling

B: The Design and Opation of Ice-Slury
based Disict Cooling Systems

ADVANCED ENERGY TRANSMISSION
FLUIDS FOR DISTRICT HEA TING AND
COOLING (1993 P7)

Intr oduction

UnderAnnex Il of the Intenational Enegy
Ageng/’s ImplementingAgreement on Disict
Heaing and Coolingthe Expets Gioup on
AdvancedTransmission Fluids contired its
program of eseach, developmentand testing
tha was orginally initiated in 1987. Member
county representéives fiom CanadaDenmak,
Finland Gemary, The Nethdiands,Sweden
and the United Stas deeloped aeseath
program tha addressed major conaes relaing
to the use of fction reduction aditives
(FRAs),and looled futher into the psblems
associted with adtanced disict cooling
technolagies. Based on aview of proposals
submitted ly several reseath groups,the
member counyr representtives selectedolur
projects to be caied out under this anreand
actiities were initiated in ealy 1991.

The perbrmance of heaexchangers in systems
utilizing friction-reducing aditives was
identified as an @a of concen, since edrer
testing had shen tha FRAs caused a
degraddion in heatranser perbrmance
propottional to impovements in fiction
reduction. Buun & Soensen \as theefore
asled to undenke a poject to test haa

A second concerof the ExperGroup centezd
on the potential efronmental and health
effects assoctad with suréctant fiction-
reducing aditives,the leading candide
chemical under considation for use in disict
heding systemsThe Uniersity of Doitmund
performed a compghensie literature review

and assessment of thevennmental dects of
surfactantsand perbrmed tests to deterine
their adsgption propeties in \arious soil types
as a means of assessing the potential impacts of
district heding system lealge and spills on the
local ervironment.

In Annex I, the Expets Group perbrmed a
preliminary evalugion of the potentialdr
increased capsion of distict heding and
cooling system metals due to theipesue to
friction-reducing aditives. UndeAnnex I,
the Ohio Stge Uniersity expanded this
evaludion to test seeral candidée adlitives in
a \variety of water compositions and in
combindion with corosion inhibitos. Testing
was also cared out & two tempeature ranges
common to distct heding system opetion.

Also underAnnex Il, reseatch and testing of ice
slury mixtures as a means of ingving the
enegy transpot cgpability of district cooling
systems \&s caried out. In an €brt to move
this exciting tednology out of the eseath
stage tavard practical considegtion as a vible
concept for building cooling Annex Il
suppoted Enegy, Mines and Resoues
Canada in the delopment of a maral which
provides design guidelines and attdives br
the use of ice sluies in distict cooling
systems.

Ead of these dur reseach projects has been
completedand the esults of the ébrts ae
presented in thespott. In adlition, a fourth

exchanger perbrmance in a system using theseanne addressing adanced tansmissionl@iids

additives,and to deelop altenatives to
overcome aw losses in hdaexchanger
performance

has beengproved and sgeral nev reseath
and testing mijects will be initided in the
technolagy area in the near futer
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Summary

This report descibes the esults of eseach
and testing undéaken ty the Intenational
Enegy Ageng/ (IEA). UnderAnnex Il of the
IEA’s program,the Expets Gioup on
AdvancedTransmission Fluidsof District
Heaing and CoolindApplicaions undetook
four reseach projects thaaddressed:
performance of plge hed exchangers opeating
with friction reduction aditives;
ervironmental dfects of surictant fiction
reduction aditives; use of ice slues in
district cooling systems; and qoision efects
of friction reduction aditives.

Performance of Plee Hed Exchangers
opefating with Friction ReducingAdditives.
Bruun & Soensen Engjiteknik AS of Risskv,
Denmak undetook an iwestigation of the
effects of fiction-reducing aditives on the
performance of plte hed exchangers. An
expelimental plae heaexchangr (.7MW) was
installed in the distct heding cente in Lind,
Denmak, in parllel with the &isting main (10
MW) hed exchanger & the cente. Ower a ten
month peiod, tests vere conducted using the
friction reduction aditive 'tenside’at
concentations of 100215 and 400 pés per
million (ppm). Suppy and etum tempeatures
and fow rates were measued as was the
pressue loss aarss the pmary (adlitive) side
of the expeiimental hetiexchanger. The hea
transkr coeficient (a) and hedransmission
coeficient (k) of the hetaexchanger were then
calculaed

The results of testing shized tha the calculged
hed transer coeficient for the plae hea
exchanger opesating with tenside can
approximate tha of pure water, if flow velocity
acioss the echanger plaes is inceasedThe
higher the concerdtion of tensidethe moe
the \elocity must be inceasegdhowever. This
same bamcteistic is also ppaent for the
exchanger heatransmission coétient, with
the K-value being impoved d the same eerall
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flow rate by reducing the totalap area of the
hed exchanger plaes.

In order to compenga for the eduction in heia
transkr associed with the use of ifttion-
reducing aditives,higher fow velocities
through the rchanger must be emplged while
maintaining theequired efective exchanger
surface aea.Three design altastives can be
consideed:

1. Utilize longer plaes. Elongted plaes will
compenste for the educed hearanser
coeficient without signifcantly chandng
other exchanger paametes. By allawing
the xchanger to emain as a single pass
systemthis altenaive minimizs total
pressue losses aoss the hdaexchanger
and maintains all piping connections on the
same side of the glanexchanger for ease of
installgion and sericing. In a nev plant
installaion where suficient space can be
made sailable for the longr pldes,this
altemative would gpear to be the most
practical.

2. Increase the umber of plges. If an gisting
plant is being modiéd to utilize friction-
reducing aditives,it may be possile to adl
additional plaes to the haaxchanger to
compenste for the educted hdaranser
coeficient. Havever, preliminaty
calculdions indicae tha the umber of
plates equired to maintainetun
tempestures in the gmary distiict hea
system mg be substantial (up to 100%
more).

3. Corvert to a two-pass system. In amisting
plant where space and cost coratits mg
be gpaent,corverting the plée hea
exchanger into a tvo-pass conduration
may be possike. The associed \elocity
and turlulence inceases will impove hea
transkr coeficient and laver pimary side
retum tempeature. The n@ative aspects of



this altenative indude a signitant incease
in system pessue lossand poblems
associted with moe comple piping
connections.

Environmental Bects of Sudctant Fiction
ReductiorAdditives.

The use of fiction-reducing aditives in distict
heding and cooling systemsumst tale into
considesation their impact on the @ronment,
and the health andedl being of all lving
organisms thamay come into contact with the
additives duing their use and disposdlhe
University of Dotmund theefore undetook an
investigetion of one popularlass of fiction
reducing aditives,cdionic surfctantsto
assess their hazhpotential vinen used in
distiict heding and cooling pplicdions.This
effort included a comphensie review of the
available literature petaining to céionic
surfactantscombined with testing of the
adsoption chamacteistics of suractant
solutions in selected soil types.

The stucture of the ctionic surbictants under
considesation for use in disict heding systems
is very similar to th& of other céonic
surfactants in wide use togas sud, their
toxicological and ecolgical propeties ae
similar:

— primary biodegradability > 80%

— ultimate biodgradaility > 60%

— fish taxicity > 1 mgl/l

— bactera toxicity > 1 mg/I|

Two impotant dharacteistics of caionic
surfactants sese to educe thexgosue risk
associted with their accidentaktease into the
ernvironment:

— they form neutal salts vien in contact with
anionic surdctants thiaare pesent in all
waste veters and suice vater.

— they adsorb on all solid swates.

To assess the potentialfdamae due to
leakaye in a distict heding or cooling system

emplgying caionic surfictantsadsoption
testing vas conducted usingwezal common
soil types.The esults of these tests indfed
that surfactants a imeversibly adsorbegwith
the iate of adsqgption by the amount oflay
present in the soil.

Ice Slury based Disict Cooling Systems
With the evolution of residential and
commecial buildings into tightermore enegy
efficient stuctures,and the gedly increased
use of electcal equipment andppliances
within them,the needdr space cooling has
increased signifantly. District cooling systems
provide an #ractive means of coolinguilding,
especial} in higher density commeial aras.
Accordingly, reseath is being conducted to
improve the enagy and opegting perbrmance
of large dilled water systems. One paular
technolagy, the use of ice-ater sluries,
provides an oppdunity to gedly increase the
cooling enegy cgoacity of a gven wolume of
cooling water, leading to eductions of cpaital
costs br system congtiction,as well as
reductions in pumping costs assoetwith
system opettion.

Under this IEA anne Enegy, Mines and
Resouces Canada geloped a design maal
for ice slury based distct heding and cooling
systemsThe mamal summaees sgeral
system design altedives,which ae eab
organized in accadance with the major
elements com|ising a typical disict cooling
systemice slury genegtion; distibution;
storage; and utilizéion. These design
altematives illustete the dversity tha curently
exists among the ténologies tha can be
employed for ice slury based distct cooling
The design mauel also identies a mmber of
areas wher reseach, developmentor testing is
required to suppdrthe \arious system design
altemdives.
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The infuence of Fction ReductiorAdditives
on corosion @tes of Distict Heding System
Materials.

The use of fiction-reducing aditives in distict
heding and cooling systemsaquides an
oppotunity to reduce system costs and iroye
opewting perbrmance However, the potential
exists for these adlitives to hae deleteious
effects on metal piping and other distition
system component$he IEA theefore
conducted a gliminary study, in 1990,0f the
comosion efect of cdionic surfctants in
solutions of tp weater, deionizd weter, and tg
water containing caosion inhibitor
Subsequengl a moe detailed stugof the
corrosion efects of fiction reduction aditives
was detemined to beequired and was under
taken ty the Ohio Stte University under this
IEA anne.

Pitting corosion ete suscptibility and
corrosion ete tests wre caried out orAISI
type 304 stainless steSIAE 1112 (API Gade
B) carbon steekopper 90/10 copper/rkel, and
60/40 copper/zinc samples. Gasion
ervironments inkded tg water, deionizd
water, deaxxygended water,
deionizd/deaygended water, and a 50% ta
water 50% deionied water mixture, Tests vere
caried out atempeatures betveen 6(0°C and
110°C, and also 825°C to gproadc distict
cooling system tempatures,with pH values
valied betveen 7 and 10rhe efects of seeral
friction adlitives on pitting susggibility and
corrosion etes vwere assessedldditional tests
were conducted using amsion inhibitos in
combindion with friction reduction aditives.

The esults of testing sheed tha, with the
exception of pitting susagtibility in tap weter,
the adlition of Habon-G or Ethoquail/13-50
(plus NaSal) fiction reduction aditives either
improves or has no getive efect on pitting
suscetibility or corrosion etes of the ion-
based or coppdrased metals typicalfound in
district heding and cooling systems a
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tempeatures of 60°C and 110C, and in some
cases gve impioved results. Havever, adverse
corrosion efects vere found when fiction
reduction aditives containing ldorides were
tested

THE DESIGN AND OPERATION OF ICE-
SLURRY BASED DISTRICT COOLING
SYSTEMS

(1993 P7.1)

Intr oduction

Since the oil dsis of the 197®, interest in
distiict heding and cooling has ineased
dramaically. The Scandingan counties
paticulady, are contimousy applying the ldest
improvements in disict heding tednolagy.
There ae a umber of &cellent easonsdr this
renaved inteest. In adition to impoved
performance due to econgnof scalea wide
range of heésouces can bepplied to DHC
systems inlcding waste heband combined heéa
and paver (CHP).

Interest in DHC and comumity integrated
enegy systems (CIES) is moincreasing
maikedly in North America as vell. One
important element of CIES is the summer air
conditioning load

Environmental concess dout the oone
depletion potential of some CF€used toda
have pompted a seah for altenative cooling
technologies.With the ecent impovements in
low-tempesture asoiption dillers, waste heaa
from ary process stram of CHP plan nyabe
used to sidsfy a dilling load, without the use of
CFC’s. This also impoves the werall efficiency
of the ppcess of wich the esidual enayy is
deiived

In a typical air conditioning instaki@an, cold
water is supplied taabout 7°C and etumed &
about 13°C. The small amount of sensgbhed
comesponding to this tempature difference of



6 °C means thiza lage wlume of vater has to
be circulaed in the DHC system. If the
tempeesture of the suppl water could be
deceasedor if phase bang maderials were
incomporated in the ciculaing hed transpot
liquid, the system mas#ofv and pipeline
diametes could bee@ducedtherby improving
the economics of the system. Smaller pipes
reduce the instalteon and caital costsand the
reduced sukce aea deceases haajains and
therefore opeating expensesAlso, existing
distiict cooling systems can b&panded using
ice slury without inceasing pipeline qeacity

The adiantages of lav tempeature air
distiibution (i.e less than 10C) ae nav being
recanized Ice slury based air conditioning is
of course \ery suitéle for low tempesture air
distribution. The adiantayes indude less air
transpot, lower hosepower fan motos, less
voluminous duct wrk (the height of bildings
can thus beeduced) andxra combrt from
lower relative humidity without teminal rehea
(TamHdyn, 1992).

This report descibes the adantages and
disadrantgges of using ice sluy in distiict
cooling systems. Someisting ice slury air
conditioning pojects,and some thaare under
constuction ae desdbed to demonstte the
feasibility of the congat and to highlight
current pactice The moe impotant plysical
propeties and behaour of ice sluries ae
presented in aoim tha will help the pactising
engneer or consultant to delop a DHC
system design.

Summary

The distict heding and cooling (DHC) industr
is enjog/ing renaved inteest in Noth Ametica.
The successful implemetitan and opeation of
distiict heding systems in Néhem Euiope
proves tha significant adiances hee been
made in the a&as of fuel dfciency and self-
sufficiengy. Impressve reductions of hamful
emissions heae been dtieved d the same time

With respect to diskct cooling scientifc
breakthoughs hae been madescenty with
friction reducing aditives br cold liquids and
phase bhang sluries.

Interest in distict cooling is popelled ly the
increasing cooling load in comnuial

buildings due todctors sud as the widespad
use of pesonal computes; other electonic
office equipment andybthe need to phase out
the use of CFG@'in accodance with the
Montreal Pptocol.

Ice slury has the potential to hieve
consideable beneits for distiict cooling
systemsThe cooling cpacity of ice sluries
can be éur to six times higher than thef
corventional dilled water.

In this repont, current pactices and possibilities
of ice slury utilization ae reviewed The
pressue diop popeties of ice sluies ae
presentedSeveral commecially available ice
slumry chillers ae compaed in tems of
performance and costs.

The distibution netvork is one of the high cost
items in DHC system§.he adantagges of ice
slurry with respect to cold eter ae presented
The efect of stoage facilities on the gaacity

of the dillers is discussedPossile consumer
substéion confgurations ae compaed The
report condudes with a look acontols, enegy
meteing possibilities and héaxchanger
design or ice slury use

Ice slury technolagy can signifcantly decease
the opesting cost of a distct cooling system.
Although the cpital cost of ice sluy chillers is
at present higher than thaf corventional
chillers, significant piogress is being made to
reduce this cost.
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APPENDIX |

Projects summaged in the R&D Reiew Report
(Area 1)

1. Canada

1.1. IEA advanced luids pioject.
Subcontact for ice slury transpot.

1.2. Low-tempesture friction reducing
additives pr distiict cooling and
building cooling systems.

1.3. Expeiments with ice sluy produced
from a gneetor based on the
principles of superooling

1.4. Dee lake water cooling (DIWC)
project.

1.5. Multi-utility telemetry systemsdr
remote meteraading monitoiing and
load contol.

1.6. Installgion of novel design hegoump
using lav tempesture mine veter as
hed source

1.7. Development of anx@elimental ice
slury based distct cooling system.

1.8. Themal inteaction betveen
undeground pipelines of diérent
tempesture.

1.9. Feasibility stug of distiict heding
system in the mposed comumity of
Ouje Bougpumou.

2. Denmark

2.1. Influence on hearansmission of
smooth veter in plde heaexchangers.

2.2. Use of smooth ater in the veter
circuit of CHP plants.

2.3. Consequence®f water treament
plants ly using smooth vater’ in
distiict heding systems.

2.4. Water hammes in distict heding
systems pplying smooth ater.

2.5. Optimizaion of stew fired plantsthe
firing tednical qualities of stw and
selection of demonstion plant.

2.6. Optimizaion of combined hdaand
power (CHP) plants.

2.7. Surface combstion of staw.

2.8. Surface Combstion of Staw.
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2.9. Evaludion of LOCUS-plants (LOcal
Cogenestion  Utility System).

2.10.Humidification of ComhustionAir of
CHP Gas Eniges Enggy and
EnvironmentaAspects.

2.11.Design and congiction of standat
cogenestion units.

2.12.Repowetring of paver stdion Ujpest
(Hungauy).

2.13. Tommeup St.Vameforsyning -
Natural gas povered - combined hea
and pover staion.

2.14.Noise fiom rather Lage, Gasfred
Boiler Plants.

2.15.The optinum directly connected
district heding substtion (consumer
connection) ér low-tempeegture.

2.16.Enengy-efficient hedexchangers for
distiict heding systems.

2.17.Optimizaion of laiger consumer plants
for distiict heding by opestion tests.

2.18.Cental heding in old house stdc

2.19.0n site calibation of laige enegy
metes using an isotope basdadvf
measuement method

2.20.A PVC-basedltie gas hetexchangr.
Enegy savings and pactical
expelience

2.21.SESAM - Noth Jutland Sustainble
Enegy System#nalysis Model br
North utland Denmak.

2.22.Pressuized Pulerized Coal
Comhustion.

2.23.Time-varying processes.

2.24.0ptimum opestion of distict heding
systems.

2.25.Development of heting plants br
comhustion of wood dips with high
moistue content.

2.26.Heding of geenhouses based omio
tempeeture hea from retum pipes
from combined hdaaand paver plant.
Constuction poject.

2.27.District heding in Hungary.

2.28.0Optimizaion of opestion of small
district heding plants ly hea



accunulation.

2.29.Estdlishment of a lar-tempesgture
distiict heding systemdr nev
buildings and shops. Constition
project.

2.30.Combining lav-tempeagture system
with existing distict heding plant.
Pilot project.

2.31.Measuing programme in connection
with opegtion of hea storage tanks &
4 existing staw fuelled distict heding
plants.

2.32.Low tempesture heéing system based
on retum sting distict heding from
CHP-system combined with glass
coveling.

2.33.Development of testailities for
dynamic testing of h¢anetes for
distiict heding.

2.34.Examindion of distict heding
meteing & different fiiction reducing
additives (phase 1).

2.35.Examindion of distict heding
measuing and metey under ginamic
opestion.

2.36.Numeical model br a cental solar
heding system ivolving seasonal héa
storage.

2.37.Damping of noise bfm medium sie
gas fred boiles.

2.38.Design codesdr preinsulded pipes.

2.39.Investigation of stength and dation
of preinsulded distict heding pipes of
plastics.

2.40.Mechanical popeties of cellular
polyurethane (PUR) plastic instilen
in pre-insulded distict heding pipes.

2.41.0xygen in plastic pipe didtt heding
systems.

. Federal Republic of Germany

3.1. Corrosion behgiour of mderials in
circulating weaters containing
surfactants of dfierent quality

3.2. Comorate poject on fiction reduces;
development of eadment ppocessesdr

solutions containing swattants.

3.3. Influence of sudctant solutions in
district heding systems on the
opegting and contwl behaiour of
centifugal pumps.

3.4. Dynamic fow processes in connection
with friction reduces.

3.5. Influence of fiction-reducing aditives
on the beha@our of measting and
contol elements in disict heding
networks.

3.6. Influence of fiction-reducing aditives
in different he&exchanger systems.

3.7. Application and testing of micellar
friction reduces in distict heding
systems.

3.8. Advanced helgpump tebinolagies for
distiict heding systems.

3.9. Development of a small-peer low-
NOx diesel enige involving measusgs
on the pimary side of CHP plants.

3.10.Tedchnical and economic westigation
of the combined &mspot of distiict
hed and vaste ly rail based on
specifc applicaions in Gemary.

3.11.Field testing of lue gas puification
equipment.

3.12.Reducing the pmary enegy
consumption $ new technolagical and
engneeing solutions ér the
installaion of cagenertion equipment
in existing hea plants with lav
themal paametes.

3.13.Enegy concet of theTechnical
University of Zittau br the teritory of
the former GDR up to thegar 2020
(zittau Enegy Concept 2010). Stee of
knowledge in 1990.

3.14.Complex enegy suppy systemsdr
the tavn of Neustadt-Ghee,

3.15.Improved utilizaion of distict heding
systemspptimizaion of opestion (B
01).

3.16.Manufactue, laying and testing of a
district heding system with &cuum
supeinsulaion (VSI).
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3.17.Project stug on 'Improved Utilization
of District Heding Systems’.

3.18.Geman paticipation in the IEA
ImplementingAgreement on Disitt
Heaing Annex Ill. Coopestive
projects in theiéld of distict heding
and cooling

3.19.Geman paticipation in the IEA
ImplementingAgreement ér
Programme Reseah, Development
and Demonsttion on Distict
Heding.

3.20.First plocessing phaséor the enaty
concet Leipzig

3.21.Manufactue, laying and testing of a
district heding pipe system with
vacuum supénsulaion (VSI).

3.22.Novel hea distibution - nev laying
tedhniques or flexible distict heding

systems with plastic medium pipes.

3.23.Comorate poject:Novel Distiict Hed
Distribution.
Subpoject: New testing tebniques
and system components fplastic
jacket pipes.

3.24.Development and constction of
critical single component®f the
mobile distict hed systemTesting
using a model system - Phase

3.25.Reseath and deelopment poject on
‘operational selfpestessing’of district
heding pipes.

3.26.'SF Genestors’ - genegtors with
supeconducting ield coils.

3.27.’Operational self-pestessing of
district heding pipelines|(plastic
composite jaket pipe system and
vacuum steel jde@t pipe system).

3.28.Comorate pioject: Novel distict hed
distribution.
Subpoject: Development of ne
componentsdr plastic jaket pipes.

3.29.Deteminaion of frictional forces on

soil-covered he&conducting pipelines

to ensue economical designs.
3.30.New undeground lging tedniques

for large distict hed transpot pipes in
corurbaions.

3.31.Comorate poject:Novel Distiict Hed
Distribution.
Subppject: New laying tedniques ér
the plastic composite jket pipe
systems.

3.32.New laying tedniques using héa
insuladed compengang soket pipes of
ductile cast ion as vell as eficient
methods dr laying sewice pipelines.

3.33.Manufactue, laying and testing of a
district heding pipe system with
vacuum supénsulaion (VSI).

3.34.Comorate poject: Novel Hed
Distribution.
Subpoject: New techniques and
constuction methodsdr distict hed
distribution utilizing staic thresholds,
new maerials and impoved laying
techniques.

3.35.Enegy and emironmental congat for
the tavn of Meissen.

3.36.Development and opdion of an
information systemdr municipal
enegy suppy (KEV).

3.37.Enegy concet for Betlin.

. Finland

4.1. Planning Systemof Combined Hea
and Rwer Suppy.

4.2. Reduction of NOx Emissions in Oil-
fired Boiles by Using Selectie Non-
caalytic Reduction.

4.3. Analysing of the Couplings and
Dimensioning Citeria of Distiict
Heding Subdistibution Systems.
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