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Preface

ferteondiic thomy

The lnternationil Energy Agency (IEA) was
eatablished ki 1974 in onder o steengihen the
coopention etween member coutiries, As an
elemeint of the Infematinngl Enceey
Progromme, the panicipaling countres
undeniake coopeative activities I nergy
reseieh, development und demonstrotion,

Disinct Heating is soen by the TEA as o means
by which countries may reduee their
depemndence on oil. I imvolves the incrcased use
ol inaligienenss or abandant fuels, the wiilisstion
of wiiste encigy anid imsproved energy
efficiency. With the same objectives Distrivt
Coling is getting o growing inlerest, The
pesitive envipsnmental effecrs of improved
energy eficieney will give an additional and
very sbromg impalse 1o mdse the activities on
Disirict Heating and Cooling

Arrey |

IEA’s Programme of Rescarch, Development

and Demopstrution on District Heating was

established in 19E3 af o meeting in Stockholm,

In the fira phase {Annes 1), fen countries ook

part in the programme, Belgium. Cannda,

Denmnrk. Federal Republic of Germany,

Fimland. Taly, The Metherlamls, Noriay,

Sweden and LISA.

The Kagional Encrgy Administration, Sweden.

has been the Operading Agent for the first

Phisae, In which the Tollowing technical wreas

have heen avsessld:

- Hem Meters

«  Cost Efficient [istribution

= Hem Production

= Use of Low Temperatire Heal Sousces in
Dt Henting Sysicin

= Conversiom of Building Heating Syueins o
[histrict Heating,

A Summary Kepon of all research scnvines
corriedd ol inder Annex [ in the period between
November 1983 and December 1987 win
published fn 1988 by the Nathoal Encrgy

¥
-

Administration Sweden (nepon Statens
encrgivirk: 1985 RI6).

Auner 1

In 197 Anncx 1 was staned up, Under thys
Annix the follwing technlcal areas have bsoen
e Bisidexl:

= Llomsiamser installations

- Piping

= Advanced Fluids

= Hear Meters

= Advanced Hear Production Techmologaes

—  Thermal Energy Trom Refuse.

The MNetherlunds Agency for Energy and the
Environment {MOWYEM) has been pcting ns ihe
Operating Agent for Annes 11, Nine countrics
have purticipated in this Annes, ie. all
cominiries of Annex | escept Belgium,

The Sumisnary Bepor of all the research
acivities carried o i e ime period berween
May 1957 wid Movember 1900 wos published
e 19940 by ROVEM (Report KOVEM 1990 R-
12

Asreen I

In May 1PERS decisions were Liken sl an

Anncx N1 in wiach all participants of the

secoind Phase contimised thair participation fos

another three-yenr period,

btems for Annes 1 were:

- R&D Project Review

- Promestional aciivities

- Piping Techmigues

= Consumer Hemting Systens Simuligbon

- Supervision of District Heating Networks
Advisiced Transmission Flkds.

Adsey For this Anwesy the Metherlonmads Agency For
Energy and the Environment (NOVEM) has
been acting s the Operating Agent, The repon
yisth e reading, contents the summancs of all
rescarch activities carmied oul during May 156K
and November 1993



A IV

I Moy 199 61 wias decided 1o continoe ihe

activines: Annex IV wis stared up. In Annex

IV all countries of the third Phase participaie,

except lady, In 1994 Korea decided to take pan

in the progromme, The Executive Committes

dhecided upon the Following Bens for the

[lupmmt wiver Annex IV
Phesign guide Tor imegrating Bisine
Cooling pod combined Heat pid Power
Advanced Transmission Fluds

- Piping Technobogy

= Rupervision of Distrct Heating neiworks

- Effictent substatbomns mid Insiallmions

= Development of longlerm cooperation with
East Europenn Countrics

—  Temperature variations in preinsilsied
district hemting pipes. Low Cyole Fatigoe,

Agaiii the Netherlamds Agency for Enerpy aml
the Environment {NOVEM) will be acting as
the Operaling Agent,

Availahile Badger

The tistal baidzed fior Annea | was U5 5 525 000,
For Annes 11 a budget was availobde of LIS 5
675 00, For Anmnes 11 a budget of phoal L5 %
1IN has Been agreed by tee parecipating
Ginpmries, For Annes 1Y the prelimimary
available budget smounts o appox, LS 5

1, 2540,00K],

Feifraranicat fowi

Creneral information shout the [EA District

Heating Project will be given by

1EA Secreiorial

Mrs. Guudrun Maoss

2 Rue André-Pascal
F-75775 Pans Ceulex 16
FRANCE

Telephioie: +13-1-45249975
Fus: +33- 145349475

(L1

The Uiperating Agent

Metherlands Apency Tor Encrpey anad tlse
Environment

Mr. Frank vin Bussel

POy Box 17

ML-A1MAA SITTARD

The Netherlands

Telephione: +31-46-595332

Fix: +31-46-52520600
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Executive summary

Rackground

e of the major abms of the TEAS activities
wins aad st is o reduce e vulneralvilioy of
merbser coupiries o the intermuption of
imported energy supplies. paniculady thew
depence on obl. The war-sitwation in the Gali-
Area has shown in which scale disturbances of
the supply of enerey coulid be created by
internatinal potitical conflicts

Encouraging the mcncased use of indigemnons
fsels and, where energy has to be impored,
ensuring hal the sources of such supphies are
sproid o widely o possible, will stay somse of
the measwres that have 10 be promoted in a stll
stronger elfort than was utilised wp 1o mow. An
expansion of distnct heating sctivities wosild
miake it possible (o mone easily chogse belween
altermative fuels i order (o realive the mosi
elficient encrgy supply, Where feasible, the
combined production of hegl and power will
have 10 be promoted s the lirst option. as i
mtegraies the environmenial savings of
ceniralised production units and ithe energy
saving of the combiped production, One of the
enskest wiuys 1o releswe the environmenl bs 1o
diminish the use of encrgy. Wit combined
prosduction this goal can be realised apany from
elfforis b dimidnish the energy-consumiplion of
the eml-users,

In Mogih American countries also District
Cooling his gol a growing interest. For thai
reason also attention has been given to the
specific aspects of this kind of echnoloegy, in
relation to energy savings and smeliorion of
the enviroameni.

For several venrs the IEA have worked on
evaluiting the possible advantages of Distre
Heatiag. Comparehensive matenal from
govemnments, ulilities, research instiiuies,
muanufacturers ond idividuals has been
colleeted and stuhied. The work andernaken
wis presented in @ 198 - report "Dhstrct
Heating anad Combined Heat and Power

i

avatema . That report poanted to o number of
areas whene mare know ledge was needed sl
made suggestions 10 be taken up in the
"Ihistrict Heating Reseurch and Developrmsent
Project’. The 198 3-repont still Is of imporance
T theose whio are inleresded in this Geld.

Dhrpunisation and Participation

Cooperation between the participaling
COntres i governed by an |l'l1|'l'|ﬁ'1'l1-¢1|1-llll1|I
Agreement. Decisaons on the work progromme
amd baudpet are taken by the Executive
Commitee which has representiiives from oli
partsciprting coantrics. For the meetings of the
Exsgcutive Commince intermstional
organisations in the ficld of District Heating
and Cooling from Europe | Umichalh and North
Amenica (IDEA) are invited 1o anend on an
phseriory hasis,

Projects are defined in Annexes 1o the
Agreement. The Openiting Agent acts in the
mberest ol all countries and coondimaies ihe
selivities, pegolisies contracis ele. within the
buidget and programme limits decided upon

Fur each of the projects an experts group has
been ereated, in which experienced
representitives af the participating counines
have contribued 1o ihe project-definitons amd
b il penepiss of 1he activities,

The resulis of all these projects me published m
separate repons and are sumnmarised in the
fillowing chagters of this repory, 1993-P10,
The project review, report 1992 Pb, i pan of
the mformation exchange activities between the
participating countries.

In order 1o reach o large audience i the dising
heating and coolbng Meld, an agreement was
munde with the editor of "Femwaemme
Imternatiamal” (FW1) 1o use this mogarine for
publishing periodcal information about the
ongokng activities. resubis of stidies and other
publicatinns



In e Amees B soleds o pramlin oee ilessriberad da e swmmsirs sppead, e Billimssdag iyt haee o el

ot Hitle el conemiry

I Ensiric Hesting and Penmark
Copdimg R
progec Revigw
1 Promaotional Densnark
petivibies
USA
1. Papang Techniquies Germariy
4. Comsymer Heating By
Svalet Rimualaticn
ICHESS)
5. Supervision of Swixlen
Dhistrict Hesting
Metworks
. Addvahiceil LISA
Tramsmiraston Flisils
Camsa

I thie "DHC News”, the official newsletier of
thie Interritbomal Dhaserict Energy Associstion
(1A alsio abtention i given o dse TEA-
setivilies

AL meerabional conlorences and symiposia on
[Hstrict Heting presentations have besin sel ugp,
providing information on the activitees and their
resulis

Al Oy - e presetatives exleindedd e
pronot ol sctivities i therr lome -countries.
Slutual information exchonge betweon IEA and

'moject mnnegemend
Rambatll, Hamneman & Hajlusl ASS
e Peter Bandlax
Bredevey 2
DR 2530 VIRUM, Demmark
Ramball. Hamnemon & Hajlund ASS
Mr. Peter Randlivy
-
3K 2530 VIELUM. Demmarh
IEA Conualting Uit
Sr, Crordion Baoms]
Saive LA
RS et Bogsd]
Aotom. MA O] THELTH, LSs
GEF lngenlesns Gesellschadi il Ensrghesechanik wnl
Mr. Manfresd Klopsch
Ferdinend Porsche Strafle 4
D606 LEIMEN, Genmnany
ZIMTEE Dhivision of .\p|1-IJ|:'1I Thesrmmeon by nawrfiscs.
X054 TRONDHED., Norway

Flirrviirmentveckling FVU AB

Mr, Heimo Zinke

S.611 42 NYKOPING, Sweden

Eanb Besources, Lid

My, Janses Murry

6 Winyne Avenin, Suiie THE

Silver Spreng, Muoryland JF |

LisA

Diept. ol Natural Resources

555 Bocth St.

Eheawn KA OGH, Canadas
Lrnichul, for the European region, and ihe 1A
foor Barth Armerica will be firmily supporied 1o
reuch a wide range of intenested people

Sost of the Annex -repons have been prinied
in SO0 copacs. OF these, M0 copies were o b
distribieted in the participating commines by ihe
nasticnsl represeiialives, The remning -.1.l|‘ii-::-
have been produced for distnbutkon by the
Chperaiing Apeinl on meguest io those whao are
intereshed



Area l

District Heating and Cooling R&D Project Review

1992 Po: Dhistrict Hesting and Cooling R&D
Priject Review

Information Exchonge is an imgsortant part of
the activities in the Intemationad Energy
Agency (IEA] District Heating Project, As o
part of this activity g RED Project Review was
prepaned. Under Anpex 11 the Forst Dastrece
Heating and Cooling RED Projects Review
based on contmbutions from the member
conmiries was poblished m 1989 [Repont 1989
Rl

This fira review contained 238 R&D prajects
covering almost all aspects of district heating
el coml i,

In 1991 the Executive Committee decided 1o

ap-date the R&D Project Review inchiding

R&D projects where the major 1opic is Disirict

Hesitiag anel Cisaling (DH&EC) amd combined

heat and power (CHP) covering all aspecis

i lisdinig:

= ENErgy conversion

= trumsportation (tramsmissson il
distribution )

—  ehl-taser

—  operabian amsd muaniensnee,

The obpctives of this second BR&D review are:

= o inform ghout R&ED activities in the
meriber countres

= b nspire b condsct between researchers
working with the same field 1w reduce
parallel work

=t i the benciits of natonal work.

The participants in the [IEA Distnc Heming
Prsject have contributed to the review ds
Fallowes:

Fealernl ic ol n
Metherlanci ]
Sweden 11
WA TR S SR TIE S TEE
Total nuwher of R&D projects: 137

The projects are sored sccording to country

aisd within the each country according 1o the
first key word. Looking op & specific lopic s
bewt done by means of the key word index in
the huck of the book.

Thie full text of this review and of the fist
review published in 1989 are availubsle on 35"
(144 MB) diskette in ASCH formu. The
dickette can be ordercd from the Operating
Agenl,

A an example, the first project description of
the R&D Project Review Report is shasm on
page '8

The projects, sumimarnsed in the Review Repsen
wre Listed in Appendix | of this Summery-repor.



DISTRICT HEATING
AND COOLING
RESEARCH
PROJECT SUMMARY

l"l'nj-tcl. Tile: |EA advanced Mokl pm-jccl.
Subconrmet For ke shiry iranspor,

key Words; Advanced fuids, loe Shorry.
Dhstngt Cooling

Key Activity; [istnct beating and cooling.
|J-|:l.'|:||r,|'lm¢:r|.1

{'.'h_ll:'l;'li'lrtt T L1rﬂlinur L1|¢ mehsiureimieml il
Transpor properies [ i.-;,'r: shrmies .'mr.l
relating those properties o particle siee, shugpe
and jce slumry looding (e, percontape of ice
i e 'l-JI.I!I',._I. Thie tests are condscted Tor baoth
pure o slurry and for Moids contanming
cormosiod inhibiters ad other additives such
as glveel for frecee pavint depressaon.

Technical Approach: Calibration of an
expanded test loop with water o establish
pressure drog and hea pansfer chiracicrstic
ay i reference paint for ice slummy iesting,
Uniclertnbe furiher tests of waler with othir
mbditaves that mighi be realistically ingluded
in & district cooling system, Al wsts include
the fall range of Mows tha imigh he
considered in o system (approx. 3 1o 4 miech,
The orginal loop has been expanded amd now
imcludes nine | 7-metre-long lesi-sections with
dimmeters mngimg between 12 mom and 100
i,

Program Implications: The use of loe
shermies i disinel coosling syswems can provide
sevieral bencliis, |r:u.'1m!|r|g the increase m

capacity of existing systeins, the resluetion ol
pipe siaes inmew systems and improved Tosd
munagemant through ice shomy domge -
cither ol the 1ce slumy geserator or destributed
in busldings.

Current Stutus: Al lesting in the srigimal
lesip B Bse cosmpdeted for water, syitly asd
withosut acdditives, Testing of e slurmies up 1o
ahoutl 35% ce hos Peen done omd the resales
reparted. The exputaded loog is b the process
Of COMmMEAssOming,

Future Activithes: Companson of the dats
with existing shory maodels. Pevelogamend of

e shurry madels

Resenrch Product: [haia fepodis und an e
shirry manikal 1o Form the basis For wse of
1||.|l'“|"'r|.' lL':.'hm1|1:|].: ¥oam Taull u;u.h; L1Jl|.1|||:'|g
'u}:\.'ll."lll.\.

Contget Paian for Additinal Information:
Ui, Baj Gapita

Mathmal Rescarch Coancil

Lavw Temperwtre Loboeatory

Chitwwa, Ui, Camido

B 1A DB

Telephone +1-61 3-F3-5150
Telefox +1-613-954- 1235




Area 2
Promotional activities

The objective of the activitkes wisder Annea 111
ut the field of " Promotion” ks o demneisraie ihe
envimnmentil and economic benetits of
introshicing District Heming and Cooling
(DH&C) and Cormbined Heod and Power (CHE)
whimes

The petivitles i this area resubied ina brochue

anil thece repars:

#  The broclure " A Clean Salutson!”

¢ 1992 PI: The envirnmemnental Benefins of
istrict Heating amld Cooling

¢ 1992 PL I DETECT, the [EA Consequenoe
Bfasidel

O3 P Promsional manuad for disane
enetpy Sysem.

THE BROUHURE A CLEAN
SOVLUTTHONT

The brochure is g policy paper nowhich the
environmenisl pdvamtages of Distnct Heating
mnid Disarict Cooling are presented. The paper
hias been published in cooperation with the
Wiarbds Enerpy Council s Committcs an Phstrngt
Heating. Combined Heot and Power Systems as
o brochune nitked:

A Clean Sodunion !

fr ix aekser Vomarr Responsibilioe”
Cogenercition of Heating, Power o
Conling - an Answer b Pollution freom
Energy,

The beochure introdisces the lechnology of
DH&EC sl CHP 1o politicians, decissonmakers
ol techaicians wha have Linde or po
kniwwlidge oof the lechnology.

THE ENVIROMMENTAL BENEFTTS OF
DISTRICT HEATING AND COOLING
(1992 "1}

Inprasdaction
This TepHiE] exmnines the envitonnsenlil
bensefits of district beating and cocling. and s

el

ope af =veral ssmmary repodts on particularly
relesnt fopcs, This report hos been prepansd
on behall of the IEA for information and
edhucation exchange

DHstrict heuting and cooling ks the distrbution
of heating (hot waler, steam) and cocling (eoldd
sealet §oenergy imnsfer medvems oo a central
emcrgy prodluction soarce, (o meel the diverse
thermal energy needs of residential, commensial
ol industrenl users, Thermal energy necds or
demamis include space heating and cooling
syslgnes fod mmntmning himan comion,
domiesthe el wisler requinenwenls,
mansfacring plant process heaing amd
coaplipg sysicm reguiremsents. cic. In many of
ihe sysiems thal have been esiablished amound
ihe world, boih district beoting and district
conslimg have not been provided. For example in
Eurnope, whizre nsderabe summer lmperaunes
previal, maosd district thermal energy sysicms
provide heating capatality only. Thstnct cooling
has only recently beoomse maone widespresd,
with the most prevalent upplication being in
Mowth America, where sumvmer Iemperalures
can, over extended periods, neach exiremes of
3060 po A0

There are a number of fachors which must be
weipthed whin determining whether or mot o
clistevet hsting (I0H ) of deeirien heating dnd
coaling (IHC ) system shoald be implemented
in o paitecular commanity. These Tactors
include local econoimic and climatic conditions,
wimhility of comgusting altermtive esergy supply
systems, bacal energy prodscteon ad wiilizaton
eificiency considenmitions, [ocil envimonmental
benelints, wd differing producer and user
perspectives o the significance of benefits of
alistrict sysiems

The suibject of this report, envimimenal
benelils af DHC, st be consilered pro-
erminent on the list of destrict energy sysiesm
assessment foctors, considering e
ilustnalised countries nereasing emphasis on



reducmg wnd avoiding the negutive impaces thal
various human petivitles, inclusding
technologicnl developments have hud, andd
coftiiine 1o have, on the global envinincn.

This repoat is broken down o the Tollowing
WA sections:

Section 200 discuses the cavinommental
impagits that are associaled with the vamous
heeoting wd conding systems in use oday,
lpacts discussed include global chimme
chonge, arone depletion and low level
envinmnental impacts such as scad rmim and
bocal air quality,

Secnon 30 exnminges speciiic pspocts of
disnict heating and cooling svalems,
outlining the components associsted with
ihése operations and ihe environmental
benefits thai can pesuli when such sysiems
are adopied.

Section 4.0 illustrates, through 8 actual case
studlics, the envirenmental benefits which
are expericnced through the use of district
heating amd coonling sysdems. The benefits
dizcuwsasd in ihis repon relve primanly to
e envimonmental impacts identified in
Sewthon 200,

Aa i example, one of the case stiicics s Nsied
bl

Encrgyv-elMicient Technologies combdmed wiih
msdern I Concepts emplayed u
California State University, Fullerion

1

Cose Study Significance

This study expmines the environmental
benefits assocrated with the upgrading of an
enisting DHC plant o Califomin Sue
Umversiy, Fullerton, These beneiis, which
include dramatic reductions in plant
emissks pariculary S0, elimination of
the wse of efngerms having nise-zem
oeone depletion potential, and subssantind
emerEy savings, are all ||'u.1i'n,.1,1l,' o st ol
ithe cenralized plant being readily and cosi-

fr

elfechvely capable of implementing
developing technologies and modiem
aperting conoeplis, This siudy is o surmmany
of a repont entitlad " Thermal Encigy
Storage, Energy Conservation and DHC at
Califormin Stute University, Fullemon”
authorad by Henrikson.

Propeee Backzround

The California State University, Fullerion
cumpus was imitially buili dunng 1961 -
1963 aned consists of twelve magor bildings
ol approximatcly 150000 me. The
additional buildings are scheduled 1o be
comstructed between the present fime and
the year MMM, giving the campes u total
operpiong] building arca of 230,000 m’, A
single central plunt serves, and will continue
i serve, all camgpus buildings with chilled
waler for spoce cooling and hot waler for
spoce heating and domeaie hot water
heating.

The Cal State Fullerion central gl
genermies high iempermiunes hof water
LHTHW § for campus spoce Teating and
covdling needs, Three HTHW generiion
produce 177 “C water af 41 kP, off which
e majoridy s uwed o drive single-skige
pbsorption chillers that generute 7 °C chilled
wiiter, Had waiter is also disiribicd 1o
campis where the emperntune of the hot
wiler in stepped dowen 1o 32 T b bailding
hest exchangers, This bast water i then
delivered b heat exclhange codls o imnaintin
A5 °C i fowr spoace heating and 60 °C
dhsmiestic ol water (DHW L

Presently ihere are three 8.5 MW HTHW
besilers, each capable of finng either notural
s or Mo 2 Fael oil. ALl three boilers ure
1he watertube pype with ihermal elliciencies
of 7580 when firing nolural gis

The central plant has o ol of three chillers
consisting of one 2638 KW and one

A0S LW, HTHW, absorption chillers, and

i



ape LA3E KW electrcal centnifugal chiller
b coatjunction with o eutectic silt thermal
energy storage (TES) sysiem, The Cal S
Fullerton central plam utilizes four conling
trwers for condenser loop heat rejection,
There are thiee 175 Lis cooling towers amd
one 268 L conling tower utilizing
respoctively three W0 AW and ane &0 KW
corling tower fans. The cooling owers were
buil in the early 19605 and ore considered
beyoned their nsefal Tife.

When companed o moderm DHE plants, the
pearly 30 vear old Cal Siate plant 5 relatively
i fTbciemt. In termes of schieving high energy
efficieney, 1o create the 177 "C HTHW is
imherently wistelal, comsidenng the uliinuite
s ol the energy i o prochoce 35 °C wiler
for space heating and 60 °C wiager for [IHW,
Ay, there b i capability in the present
svatem i resllociie available wasie heal
encrey amd in fsct the chillers opensie ammund
the clock 1o get rid ol this heat. With the
existing plant beginning to exveed s useful
lifie el widh the compies podsed For @ oajor
expnsbo, the Uiniversity decided io upande
the cenirul plant inko o mose energy eliclen
anid envirvnmentally fricmdly faciliny,

Megsures Taken o Achieve Environmental
Benefits Upgradeng of the Cal State DHC
systenn, which b curmremly underway,
incorporates both energy efficient
technobogies amd moskern operational
comeepts o improve overall efficiency. These
are summansed below,

The mew distribation systens ot Cal Sinwe
il distribaite baod water miwd chilled water o
the camipus. and will be vanshle Bow
distnbution svsems. Unlike a constunt flow
sysiem, whene the disimbution system
purmping capocity s selected for, and ofien
opcTales contineomesly, 6 & mie
commespoibing to o peak hour conditio, a
variahle Biow syt trscks e demand,

deliverng only enough Dow w sansiy the
shwan-term cooling and hesting demands. The
SEVERES 1N pumping hiesepower are
sihsiantial since horsepower s reduced os
the cube of the reduction in Mow. In sddation,
the existing 5.6 °C debia T chilled water
sysicin is bemg oonvened to g high delw T
chilledd water distribution system. with a delt
Tof 13,3 °C. This has the effect of neducing
the flow by almest 0% since every litre of
challed woter carmes almost | 50FF maoee
cooling enengy.

The original reluively suificient single-
stage absomption chillers, amanged in prllel,
are beang reploced with more elficient
clectnic modor driven ceminfugal chillers
prranped in serics. The senes amangement is
the mist elficient simee, unlike a parallel
arrangement, only one of the three chillers
il prveluice e ool

4.4 0 ehilled witer outpus reguined of this
sysbem, The other twe chillers operute at
higher outpu temperatures and comsaume less
CHETRY,

The leeni genemied through normal sctivity
i campus buildings, which wisuld nommally
reauine rejection throsgh chilledomssling
e pachages, i undder the mew aystem
captired for space heutbig ot other needy
boscabions om canpas, To scoomplish ihis, the
first chiller in the series ne-up s a heal
recovery chiller, This wmit is usesd 10 extracy
the available beat from 18 °C chilled water
return At the same time, thes same unit,
wiithwil imerensing s elecincity demnand
procluces chilled water supply for space
coing siwd Bow e peruture hot waler
supply (recovered from elevated comdenser
bzt § fow space heating: and DHW heating

Funhermwee, all chillers at the plant will
operate on R-1 Ma refrigerant (an HFC)
which has an orone depletion potential of
Forin
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With time-of-use electneal rtes, generating
chilled water for spoce cocling in the middle
of the day is an expensing proposition,
Chilled waker thermial energy storage (TES)
was idenfilied as a key central plam
camponent i alleviste this concem, The
centrepiece of this system is a [ m°,
above-wronml, chilked water TES tink. This
tunk ks sized with sufficeent storage so tha
the elewtne diven chillers will be
completely off-fne during on-peak
electnical rate perinabs. As o result, there will
be almost no central plant electrical demand
contribution fo the campas pead electrial
demand, Cther benefits fall our of s TES
strafegy. With TES in place, chiller and
conling tower operatin can be regubaced w
coaler peninds of the day, thus their
operuinen becomes mune enerey-cliicent
Chilleer operution aluo occwrs during the
higher heating demund penods of the day
themehy ml,ll'il“i;l'iﬂ! the prdspect of uselul
heat recovery,

I i B heating and doanestie ot water
heating are 1o be accomplished with
recovered ehiller condenser ea, creating a
cuminciclensce of challer operation and tee
heating demand i imporiant, Also, with
only one hest recovery chiller, the ability to

store Beat lisr lasler e is impotant,
Therefore, 1L I400m' of hot waler TES s also
being implemented,

With both chilled waler TES and it swster
TES, the campus has an excellent level of
Mesibiliay in the use and reuse of its encrgy
resgmiives, This Mexibility tmnsbales it
cost-effectiveness and encrgy efficicney of
the DHC sysiem.

o Surmmary of Environmental Benelins

The now wmber comstruction il elecing
ceptrl plant involves g drastic reduction in
uir poklutbon envissaons - 97% Nk
reduction over that of current ernssions
arirmmable wothe Cal Saare Fullemon cemral
lant. This is sccomplished by removing the
combustion processes from the focal she
and instemld using ebectricity penermicd of the
utility power plant where efficient, large
scale, industrin] grode Besi Available
Control Technalopy 15 wsed

Several central plant development scenunos
are presented below to ilustrate the NOx
emasspons g bed witly cach scenamo
Scenario | represents ihe cenbral plamt os i
was helore any opgrading began. Scenanos
2. 3 and 4 represent possible alemative

Central Plant Development Scenachs S0x Emisshons (kg/ve)
I. Year |98 central pland wach 90 ppm NCx HTHW generators and single-stage

ahsoarption chillers

7,270

2 Year 1992 centrml plant with 40 ppm - NOx HTHW gencrators and single-stage
ahsorption chillers {afier installntion of bow RO bumers and Moe gas

recinculation )

320

% Yeor 2000 central plam (expanded compuish with S0 ppm NCx HTHW generators
aml aingle-stage absorption chillers (after msdallaion of b NOx barmers and

fMue gos recirolation

4820

4, Year 2000 central plant with 40 ppm NOx HTHW genermtors, clectrical centrifugal

chillers, and TES (after nstalltion of low NOx burners and foe gas recirculation) 2,180
5, Year 2000 all-electric cemiral plamt with elecirical centrifugal chillers, TES, and

a heai recovery chiller {exchades off-campus power generation - bocal wiility's

comtribmAion 1o NOy embasions)

190
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upgrades that could have heen consdered af
differen thine frumes. Fioally, Scenorio §
represcnts the cemtral plant mow under
constrsction o Cal Siste, Fullemon,

The sourve repodt for this cose study does naot
quantiatively report the magnitnde of energy
savings expeciad due t the upprdes
disciissed,

DETECT, THE IEA CONSEQUENCE
MODEL (192 PLI)

What s DETECT?

DETECT stunds for District Energy, The
Envirommental Considermions & Taxes. The
iearmse describes the progroms abiliny o jncede
the environmemal considerateoms in the
Culaigemnac dRalysis e.g. o et expenses for
eduipimsent for smoke puniicanon or graduacesd
tanes om pollaing fucls.

The DETECT computer program is madnly

intebed for the non-specinlist, ban the opons

bl fndio ihe peogram alse make i possibde b

matke: mre detailed calculations. The

mahesbology wsed mokes it possible for the

naw-specialist o perform o prelimmmary

feasibility sty for o specific site - your own

city o prew, thenchy allowing o demonstrton

of the potential reduciion in emissions if o

DH&EC mnd CHP scheme wene 1o e miroduced

in your e Do this way specialists have placesd

il your disposal their knowledge of the

achvantages of district energy systems, such as

the possability for:

= bess docal air pollidion,

- reshiced contrbution o the global
greenhouse eflect.

= incrensed fuel-ise efficiency.

= reduced cnergy comannpio,

- Coanpetitive energy cosis,

The ot ragiies and iables will be useful
when demonstrating o politicians amnd other

fd

dhecision-makers what the paiciial for foe)
aavings and emission redoctions are when o DH
o DHE&EC scheme is mirodmeed

DETECT can alsuo be a valugble (o] for g
DH&EC specialist for comgleling mesre
frasibility studies. However, more advanced
tsils shoabil e ased for thae Fieal study, This s
espocially trse for e evaluation of
eomstrection sied muantenanee and operation

S LLTEY

Why use DETECT?
DETECT perfurms a prelbiminary study using a
munber ol economic parmnelers {vestinenls,
encrpy prces i and coloulstes the reductions in
emsions comparsd o 8 reference aliemarive
fithe evobuion of sserey costs wid emissions i
ihe dievelopment confinues without chonge in
ERCTRY MMITEs |

DETECT does nol replace the need for a
spocinlist s detmbed calculations, bun it docs
provide informution suitable for preliminary
planminge parposes.

Therefowe, if DETECT shows that DH&EC s a
promising ahermative in vour unes you are
enconraged fo perform maone detniled studies o
o comtaet consuliants or cnengy olfices who are
spccinlists i DH&C and CHE.

The Wishington State Encrgy Office ¢ WSELD)
his developed o computer program called
HEATMAPR, which tx one possible tool fora
e diciailiod sy,

Acspecinl fearmre of DETECT is that it allows
ot b puil @ price tag on the environmental
Prgect e b excine fux on pollation froom
exhiuusl fumes resulting from burming fuels for
heating anid cooling. This price on the
envirvnmenil ingreet can be inchiclsd an the
economic angd finincial aralysis.

The Figure for this tas con be fixed m many
WIYR



—  The muarginal espenses for Mue gas
porificatisn

= Capwtalizimg of e hamm done by emissions
1% e emvironnwent
Actual emission of fisel taxes.

For cach cuse story o study vou camy out &
project file is generated. This file comtains wll
the clotm newessary for the sudy, md ihe sy
can alwuys be reprodueed witly these daia,

A vou have regeived vour copy of DIETECT m
the printing prce or maybe even free of change,
vl e inviled toomiail o disketie with these
ainput files from your studies o KOVEM in
FOTurm.

A form for submisting lles w SOVEM is
enclosed as appendin V11 Please note that the
project [iles will only be used for sidy
purpeses. The submiiler does not have any
responsibility for il contents of the lles oF foe
their wae. In dase the resulis are paildished b s
gunrantecd tiat the progects can s be
ademtifeed.

Expecting that o sufficiem mumber of files will
be recerved, the IEA Executive Cammitice
plans to paiblish a repon with a comparative
stuchy b the case stonies eocivied,

How does DETECT work

Performing & IMH&EC leasibiliy sty involves
the hanalling of much dato. DETECT provides
mrst of the mecessary datn g defauli data

There are defauli dotn Tiles for epch ol the
countries participating in the IEA Disirier
Heating and Cooling Projecl. These doia hiave
been prepared by national experts,

For & stirt, the user of DETECT only hos 1o
I'lnl'ril.h." the dota whech s :q'&u':i:il"u; v ihe |l’llj'|:'l:|
in uestion.

This clata ¢ be entered when "Dt
Reguiremeins: SUMMARY" has boen scbocied

i Lhe program seiup d e progrm defaalt is
SUMMARY )

The cosnplete doti set con be stuchied wnsd
erdi i wihien *Datn Bequirements:
DETAILED is chosen in the progrum setup,

It is highly reconmmetabed that vou always run
the "SUMMARY® version lirst, whenever nomew
stucly is begun.

DETECT compares the propsosed DH&T
project oo reference slternative in the section
el “Relerence Séenamn’, Le. Use aldulion ol
the area being studied of the cument
developrment conlinues without the lntndue thon
ol DH&EC.

FROMOTIONAL MANUAL FOR
IMSTRICT ENERGY SYSTEMS
(1993 P9}

Pam A of the mamaal explaim why the mamal
was prepared amd s mle 6 assbsting
devebopers and promwsters of District Heating
Suatems wilh thelr pronsstion sctivities,
Impartaa terms wie delimed nelated o the
preparaiion iof a promation plan.

Five pravapivese aaf tae il

Dastrict hieating and cooding {DHC) systeins are
a well proven approsch For mecting the thermal
enecrey roequirements of baililings in an efMicient
and reliphle panpper, I systems compete in
thee marker Tor thermul epergy services with
bnabyidugl bilding technobogies, Competitive
sugeess for DHC is determinesd by the extent w
which the district sysicm approach is prefemed
by decision makers io individual balding
heatimp wiad cooding ogsons which o
available

The imstalbatbon and operation of DHC systems
e proavide vipmificant eoonomic, cnefgy amd
chvimsumcilal bene s 1o ibe cismananily i\

i



which they are located as well as 1o the
customens of the system. Both the extent and
desirability of these social benefits are being
incressingly recognized by many national
governments, This recognition has been
sramslated into suppon for DHE systems by
many povernmenis and encrgy-reloted
organkzaisons.

I rexent veurs, the Internalional Encrgy
Ageney (TEAY, through the District Heating
Implementing Agreement, has provided
suppsrt 10 many technology developmens
projects related o disirict energy systems,
The weehinology development project
supprted by the TEA and natjomil
govermmeni hove made significan
gontribariions related o technical spes of
DHC sysicm dessgn and ppcration

h has become inereasingly clear, however, thai
the mast significant obstacles o the
implementation of pew or expanded disine
encTpy syslems cun goune from inssitutional
rather than fechnical issves, The goal of ihis
chistrict energy system promotion manual is 1o
mildress one st of insiiuiionnl issoes, those
which are reloted to the elfeciive promotien of
new o exranded district syalems

Proponents of major district system project may
wisrk fior several possible types of
orgatiealions, In many cases, the gencral
mamager of an exising sysicin will fake the
initaive o ddeify @ major capeinshinn project.
I ther cases, an older system which regquires
renowation muy be purchased amd revilalined by
a DHC company. Ciher project proponcnts may
be elected officials or sdministrative managers
within municipal governments,

What all of these poopect proponenis have in
commuon is the challenge of gaining support or
thiar disariet syslem concept froim & diverse
o of orgamirations whowe interests moay be
alfected by i implementation. Many differem

'L

types of organizations, such as municipal
governments, utilitics, owners and managers of
Large buabdings pnd private developers, ane
alfecied by distriet sysiems, Each of ihese
organiedinns hus i own mandate, inleress
amid method Tor making commiimems fop
capilal investments. Each also luas its
perceptivns amd, in many cases, mispercepions
of district heating and ¢ooling sysiems,

A mugor challenge exiss, thinelone, for the
proponent of “champlon’ of o district system
et o gain the sccepance and suppon from
this diverse sel of orgunizations. for o project
hesing proposed. Similorly, an established DHC
sy stemm must glso mewlam support for s
ongoing opersions Trom those groups whose
interests i allects

Cimiming support for o new disinct system or
maintaining suppon for an established system
requires the effective promation of the benefits
o the district system approuch in general and
the proposed or established DHEC sysem in
particular, More specifically, the propopem
sl cleardy and credibly commumicate the
ways in wlich district systems can contribube o
mecting each group's self-intenest,

Most of the peophe who are involved with
dhistrict heating and cooling have o sound
pnderstanding of the fechnology ahd ane eager
o opernte o business which provides efficient,
rebizible therminl encrey B their subseribers.
However, many do md have expericnoe in
inarhetimg ol prommotion and have difficuliy
secing themselves in the rofe of promesders. 1 is
el sarprisimgt that the business disciplines
required to organiee and deliver sctivities o
persuade others of the merits of distoct systems
are guite different from the technicul disciplines
regpairesd to plan, install and operaie ihe system
iwell,

The TEA huis therefione identifed the nsed 1o
provide practical ssssstance o those people who
are giiemping o solicil suppon For proposed or



established distnct cnergy systoms. The maosi
inefiil Form for this dssistance his been juldged
to e i prowmotion monoal.

The purpose of the promeion manul winch
fidlows is 1o help promoters amd developers
farst adentify the groups whach mist be
approached wndd then onganize a et ol largeied
promssbion potivities which wall communicate
the miost faciual and persuasive evidence
avadlahle, Through these activities, the
prommstion ohjectives of owaneness, credibility
and ultimately support for the project heing
developed can be achieved among the 1argel
grops wned orginiaithon.

In omber i orgonire promaetion soivities, it is
importud iy underdand thal theee [ypes of
decishnis determing the degree of siccess of
iistrect systems in peneirting the market for
ihermial energy services, These thive fvpes of
decisions provide the busis For ongunization of
thirs Frifieil:

#  Fird, huklding oweners snost decide o
conmect wnd remain connected o the DHC
network, They mint be penamded (bt their
nevds will be betier met through connection
piv the distrct system than thnsgh iy ksl
baildling systemrs. The decision process of
huililing cweners anl how pairition
pctivilies can infsence this process ane
disctesed im Par O ol this nuamaal,

= Second, the DHC system itsell mast be
coniceived, implemented and supported on
an ongodng basis. For municipal systems,
iy ogandeations apd business finms,
various munieipal government depanments,
political officuals and the electric asd gas
wtilitkes serving the community, are affected
by the imiplementation of o THC system

The decision makers in ench of these grougs
st be persuached thit @ district svsiem
represents a sound approach, The steps
associnted with the estublishement and

continued viabiliy of district sysfems anad the
fohe ol promotion in this process are discuswed

i Part I3,

= Thind, the atractiveness of disine systems

tor dhecision makers is strongly inflluenced by

governments policies and programs at the

state/provincial, matiomal @l intermational

levels. These policies ond progmams can take

severi] formes:

= Regulatory measunes, such is energy
cificysisey standards of envimsnmental
conirls

= Economic insiniments, such as myes,
subsidies and price controds

= Informmational progroans, which can
disaribuie data on techmaslogies or
provide moral support for technologies
whowed as desimble. As discusséd i Part
E of this sianual, the nel nesuli of these
policies and progrosns con be either o
enbunce or W inhibit the markes
prospects for distret systeiis.

Pleinmineg o Promicotion Coempegn

The term "prosmoticn” can have differen
meanings in everyday usage, Funhermore, |
perssible to conluse promotion with the terms
"marketiong’ and “sales”. For the purpose of this
imansial, @ simegple definition of promotion will be
flbowied, & defiodtimn which is comsisient with
thint Tomimel in marketing courses and exthssks

Proossion consists of communecation which s
initinted between district system developers and
operators and those groups whose imterests ane
ffected by the distrct system operution, The
puarpaose of these eommumieain pevities s
influence the attitsdes and decision belayiour of
these groups o order i moinen or mneresse
their level of understanding, sceeptance and
suppont For distnct systems, Duac o the nature of
nEany proaaotion activities, sales and pubdic
relpdbns can be séen as major compoments of
promEtion,



Promotion can be seen as one of several
pctivities performisd within the more general
functin of marketimg. In addition 16 promaotion,
mearketing is concemed with such issues as e
ibctermiiition of @ disinct system’s competitive
ersiticing, Serling priontes amedng new
custamer pevspecis, caablinling a custoaner
service onentabion and manazing the sysien’s
pricing policy,

A prossotion plam s recpuired 1o organiee s
effective sel of prosmotion sctivities. To prepare
a promwstion plan, the developer o operator of &
IYHC sysiem musl carry ook four siepss

I Bdentily tanget groups for promestion
activities midd understund their curmend
artiudes aned behaviour puilers,

L Esablish realistic promstion objectives
hused i curreni aniiudes wd behay o
patiems of ihe tegel group.

3, Select the specific promedion Sciivities b
reach the odyechives.

4, Utilize thee s persuosive benefils and
cxmnples in compnsmcalbon activilics.

Each of these conipomnents of o promobion plas
1% ahiscussed below,

I, Target Group Aititudes wad Behaviour
The groups with whom commundcation tkes
place are many awd varied, When o promotion
elfon s direcied ai o panicular group, & can be
refermed 1o as o tnpel group. As depicied in
Fuagare 1-1, grovps can inchude:

Ciroups wiach provide resounces 1 the system:
= Emploviees

= Sapplicrs of Gomds and Services

= Cusbomers

»  Capital Markets

Gerotaps which provide the mgulatony aned fiscal
environment und business diregtion for the

Ay RIEIm:

= Public Authomies

= The System's Boand

el

Ciroups whose attitudes affect the system’s
KLICCESRS!

*  Employees’ Fomily ond Friends

* Muoss Media

*  Podentinl Customers

*  Engimeers and Architecs

*  Interest Cirotipns

An additiotal group - donipetibors - §s also
s inted with the wosrld within which ihe
district systim operites. However, disttet
systems will mnely imitte communications
with this groip,

L Adtitodes and Corrent Bebhayjour

The stming poim for the devebopment of a
profectian campaizn is o delenmine exisiing
attitudes and hehaviour patterms among the
DHC systeim's targel growps. For example,
sopme groups may have no know ledge of
disriet sysiems, others may have
mispercepibons about the DHC concept and
wlill others may he enthusiastic supporten.,

Clearly, the mature and extent of appropeiale
provmotion aetivities will vary (o each of these
sptiehions. Thesugh formaad amd infommal
surveys of o eross-section of members of each
Eroup, it is possibile for g DHC sysiem
propenent o identify and nostersiand the
current attiubes and behaviour pattems which
mfiecy DHC,

A, Promotion Objectives

The communication setivities which comprise
a promotion progrm should be based on
chearly stated objoctives. These statemieils of
objectives can ensure that there s a realestic
cxpectation of whot ihe commmmcation
program secks fo pchieve wath each group of
decision makers who are targeled,
Furihermore, when realistbe specilic ohjectives
are extublished, it is possible o measure ihe
extent loowhich intendad resulis have been
attained.



Appropriate objectives for a promation
program will vary depending on the nutune of
curment athibwdes and hehavaiour found among
eoch target group, However, peneral ohjectives
can be established for pew systems or for
catablished nystems,

For new systems of systems which seek puajor

expatsions, e generml prometion ehjective

cun be expressed ps Follows:

*  Toestablish swareness and suppon amaong
thase groaps whose inferest are aflfieeied by
a imajonr district sysiem prispect.

Fuowr sy slenis which dre inabiod and well-
established, the promesion goals can be stabed
ats follows:

*  To imasitmin suppoid amdng e graps
white ongoing hacking is needed for
continued sysiem viability,

lia milditvon to a general objective, spealic

objectives are needed 10 guide the

comimunication activities esablished for éach

targed giowp, These abpectives ane based on e

pecamia thit the folle of prometson s io

influenes the current siitisbes aml behayioor
patierns of e various tarpet groups. Hated on
an understanding of which curment sititedes ane
supportive of DHC amd which are ned, precise
odrjectivies can be established,

Several ivpes of specific objectives may be
reguired. Examples of these types of objectives
include the Tollowing:

To Create Awarcness of Sirategic

Ohpporiunities

Examples:

= Uhperaiors of existing group systeimns may be
nude aware of the possihilities for using
iheir sysiem as a base for o new memicipal
isulbseriber ) system.

s Mlunicipal planners may be inade aware of
e aappmartiiniiies W incorporite cnergy Tnain
municipal oe industrial waste as coergy
sourees for district systems,

To Suggest New, Relevant Criferia Which

Highlighi DML Benelits

Exnmples:

= Municipal planmers may nod have
coftsidered the relatsonship of bullding
space henting systems o otdons gir guality
bevels as a relevant erilenion or factor which
should be included os they prepare long
range plans fur thelr communiiy.,

= Building owers may nod have realiedd that
disdric) systons may offer thelr lenans
pereased connfiont, leading o the sddition of
comfon bevels s a enteron m the selection
of henting and cooling sysieme.

T Prowide Factual Information on

Technology hplisns

Examples:

+  Representalive costs for altermative
dpproaches 1o chilled waler systems may
b prowvided 1o consulting engineers

& Bitistics od ihe iniprovement in air qualiny
b Scandinavian citics which have
tingelemetiled extemsve divrict sysierin
may be Eiven to government officils

T Correct Misperceptions and Inscourate

Infarmation

Examples;

= Engineers and others may hold the
incorrest beled tha the principal hea
spiirce (o o district systens most be within
a few klomeres of the heat bond, This
mispercepion oould be comected by the
communication of credible evidence thar,
where o very large beat lomd 18 available,
thermal emergy con be iransponied cost
effectively through hot waler piping for
distamces of 200 ki or mone (sich as the
17 km pipeline which links Mannleim.
Germany with a large power plant

= Building owners inay belicve that disirict
ayslcims are less reliable than imalividual
barilding systems, a beliel which can be
countened with sugh evidence as the high

w



lewels of muntenance at centrnl plants and
the availability of back-up boilers.

To Enhanee Credibility

Examples:

e Descriptions of successful systems, such as
those in Helsinki. Finland Malmo, Sweden,
Copenhagen, Denmark. 51, Paul,
Minnesola and New York City, can
incrense the level of confidence it
district systemis do represent a proven, low
risk approasch.

= Site visits 1o established planis can show
local officials, baibding owners of
consulting enginecrs ihal disinet sysienis
repeesent o dynamic, confenpomry
approach which can adapt and grow o
miect e community’s thermal cnergy
neeils.

Ik sholed he sinessed ihai the specific objeciives
for cach promaotion progriom mst be developed
hused on ihe circumsiances of ¢uch sibuatin
Further guidance for the estblishmen of
appropriake ohjectives is provided in Parts C, [
and E which fullow.

Promotion Activities

Communication activities which are carried o
s pan of DHC promotion ane ivpacally simple
and straightforwand. Most, for example, consist
of one-10-ome mectings. during which the
mulvanitapes of district sysiems are discussed
it influentin] members of key groups. Other
commiieation setivities may comsdst of plani

bisiprs sl group presentanons.

Communieavion matenals, such as perodic
newsletters, sakes brochures wiwl position papers
fior specific issues or projects, ane alsoe
frequently wsed v suppon promedion sclivitics.

Bencliis of DHU Sysicms

A DHC system can provide significant benefits
b sy siem custormees is well as o the
cosmnniy 0 which i is locatecl For building

i |

OWHETs, HngeEtant coomomie snd non-seonomic
sdvantages will acerue upon connection o e
svwtem. These advantages are highlighied in the
B Rewsons” selling sheel prepared by the
Intcrmatmamal Dhstract Encrgee (IEEAS
Associateon, shown sl page 22

The benefirs to customers ane discussed more
compdetely in Pan C.

For the communily and society in generil, the

benelits offered by 5 DHO sysiem inclode:

¢ The positive cconomic impacts af
costslruet lon bvestmennts dnd retention of
efiergy expenditeres within the commumity,

*  Encrgy impacts ol substituthion of imporicd
energy soimees wuch as ol with locally
avatlable resources sibeh o blismass and
irmanicipal wasic.

*  Envaronmensl inpocts such as the
imsprovement af local air guality and
reduction of OO0y emisskons. A more
detailed discussion of PIHC s benefiis (oo
comminity and sockety iy prescnded in Puns
B and E.

Hlow by et il

This manusl Loeks 1o provide msisiance for
thivee whas pre learming about DT For the Tirst
timie &% well s thise who have been in the
DT industry for maimy years. Thus, Par B, an
owerview of DHC, should be of mieresa
priruarily 1o the first groap. Pans C, [ and E,
which discuss Promating 1o Cusiomers,
Promoting 3 Mumcipal System and Promoting
ot the Level of Xational Governments und
International Organieations, should be of
widdespreaud inierest,

The appemdives incluile case stislbes, propea
examples ond list of sddinonal somces of
iformation, These sources of mflovrmation
mchide a bibliography of reports, studies and
oilher material. a directory of district energy
associptions and @ lisd of govemment agencies
and departments with interests in district
syadicims. The use of this part of the maneal will



depend on the specific areas of interest of the
reailder,

Through the wse of ihis mansal, the system
proponenl cin lemrm aboin the "hasies” of
distrct systems and propare an elfechive
promesion plan, The manmil shegild serve us a
il ogining relerence as the proponent
participanis in the development and ongmng
axpermtiom sl o dhisbrsct system.

Why Dstrict Heating and Cosling shouhd be
utibieed b5 shwown inihe Eighn Beasons Sheet

as prepuined by the IDEA {page 22)

Part B of the maneal provides an imtroduciory
ovierview of distngl heating and cooling {(DHC)
sysbemns. Numerois erms ane defined which are
wseal throaghowt the renemader af the munual,
A overview with desorption of the varous
pvpes of district systemes is given, After thae, o
sunmary of the principal benefits or advantages
offeredd by dlistrct systems s prosenicd.
Furthenmaore the range of availpble echnology
opieens s high-lighted. A discussion of market

ueceplance - pasi, presenl apd (wire -
conghsdes this part of the manual,



1. Plan on lower cupiial costs

The primcipal @nd imieresd paymenis. prspeny
tines, il insurnee costs wssociaiod with new
usiler anid chillker imsealliions gre all eliminsied
with district heuting omd cosling. The only sl
corts in il Buphlings apling Fod DXHO service se
o 4 bl ewchanger pod related piping aml valves

L Plan oi lower enerey cosls

Witk diaries thermal encepy. o building purcluses
|.;|r|l:.' the: enerpy it needs 10 meel j edguiremenis
There i no oagoing capital cxpense 1o opgrde,
sebinlild, of fmaliai cuees capacily. ln-bailding
bamlers and ehillers tvpically carmy excess capaciny
fis et oganiona] peak demand, whach leads o
inefTiciem panisl bosler amid chiller lomdang during
mast of the year, This resulis in poor seasonal
efficiency. By contrast, cenmtril boilers and chillers
aire apevated i achieve the Bighest scisonal
effbciency possile.

A Plan on lovwer sperating ssid malnienames
ol
With disirect emergy @ bailiding has less peed For
Bighly trnihed an-sile eulnlenuice aid operaling
personmel, amd costlly genaal naansenance
coniracts, Boilor and chiller operaling caupomses
ile. elecinicity, wsier iresimenl chemicals,
mumnnge, tefrgernnd and muke-up water] aee all
eliminarssd

4, Man an sahle competiilve energy rates
Central DVHC syaems can consven 10 1he kesst
cordly aml most available fecl, and this achicw
cconoimies of scale wilh volurme parchasing
Eysbems are able o fake advantage of mumcipal
siliel wanle sysiens whers ihey are svailohle, They
camn also ubilize waste hest from electrical
generution plants, which is non practleal wiib in-
hulifimg systeme due e an mshabanee of electric
atul (k] boads

8 REASONS YOU SHOULD UTILIZE
DISTRICT HEATING AND COOLING

FOMR YOUR BTG

Plam i save somes, cergs, and redoce polhution with distebol beating and conling

Faor the prospective balliling ownetfmanager, districy beastimg and coohing (DHC) service provided by a
wentral ihermal enctgy syaten ollees a msimber of shon- anil long -Jerm ecomnoink: aml wechnical mbvintages
by ellmdnating or greatly reducing many of the aperating, madntenamoe, wall omd capital costs sssocied
with bwaibers ueel chillees in mndividual balbilings

5. Man on mure revenue gemeraling space
Elmination of producsn ovstem and their
muxiluanies withm o buslding Drees wh valuabde oos
apace (e incoies-prosliscing purposss, and iscieae
achuieciural Nesibbily. The vse of T reduces
vibiration and poise problems and eliminaes the
meed for sincks posng up through 4 beilding

b, PMlai o eelkabibe beating anid coaling serviee
Cemeal wiligy systens typleally ane betigs
maintained seul opensted than w-building sysicms
Thew are manmed 24 hours g day by highly
quiatlifies] Dperataies, afe o sinct mainlensmoe
schedule, amd can be sadtched 10 a reserve Tuel
sirce as negded, Backup copacity. and baclup
emergy plant redundaney s alwows readily
available, withoai ibe need For inbaililing reserve
bumbems

T Man on lower oosts through sysicm
cupanslon

A iwire cinbomicts foin each IHHC sysser, die

e capiial pesl operating costs @ne '.pfvr..-l OvVer &

large hase. and imnidfividual energy blls are redhacesd

o wlabalidel

. Plan ona clenner civironmeni

Central energy service from goibermal plas
reduces the number of smokestacks thirouglsit a
ey, amil pratbects air |..|It;l||1}' By rigid comtmol of
emissions. DHC eliminates problems associated
wiih Fusel delivery through o city s comgested
abieels, COOCETs OAeEr Il.trl.ﬂ.:nl..uhlil:,. amil shwupe,
s well as other operating and mainicnance
reipranibiliies. Many ceniral heating amd oooling
prodhasction plants have oil or gas pipelines 1o

T e swlimme Dl delivery. When they are
luelled with coal or mumicipsl waste, ceatral plani
nypeeally have stane of the an combosibon and
puslbutiom cosnkrsl sy alems




Area 3
Piping Techniques

Linder Annes 1 the activitkes on the em
Piping Technigues were concentrated 1o the
fellowing subtasks:

Ar CPC-Tree Plasue Jockens Pipes for Bisines
Heating

B: Disinet Heating Piping with Plasiie Medinm
Pipes: Staius of the Development tind
Laying Cosis

. Beids for Plastse Jacket l-"ip,- 5:|.'l.||:r|n. ahle
| [} nlllhl.ull.d hl],;l| (FeiFIRS Nl g ¥'ed I,l'liﬂhfl:h.

CFC-FREE PLASTIC JAMKETS FIPES
FOR IMSTRICT HEATI™CG
1992 )

favrroalmciton

For mamy vears plastic jacket pipes proved

w lbwide o be on cconomice and reliable
lnving system For district heating pipelines.
Especially duning the 807s the state of

ko ledge was docimented in umeroans
investigation reports. For the prodection of the
pipes up to now the blowing agem CFC- 11 wis
used, whvich an cellular gas was also responsible
fioor thee goond hesat insulation of e PUR-fisum,

Considdering their cione-depleting eifect, CFC-
11, an well s asther Tully halogenated ¢hlon:
chenical compoands wene adopted ingo the
Montresl Prostocol, which means that their
further applicotion is limited, As o consequence,
individual countries issued Lves and regulstions
t':.hll.l.l'l]irlp he I'||.|;|m1nj al Thiese siibsEnnices
during the nest lew vears,

Saprching Tor alfermutives for the CFC-
contwiming foam the isdusiry followed dilferem
micthods, the most importints of sdhich ane
deserihed.

I wiew ol new imvestgaton results (climabe
mepsunements) and the political pressune, the
Maomineal Progocod as well as the natonal
regulations are subpect (o constond chonges, The
presemt | Febmary 19902 sipte of the plasiic

jucker pipes is deseribed on ihe basis of &
Sweelish JEA-survey and a new Cerman study.

The mssesament of these alternatives is in maosd
chses hased on vahees odamined by the
sjrplication of dhe proved CFC-cominiming loam.
Iy st repesrt s description is given of the
technical preseguisiies for new loams, paving
speckl atiention f;

sheanng resistance

n1r||q:m'|-||r| 'Ill'l..'1lH1.h
~  lemigseriue resisiance
- ugilq: resistonee (serviee fifed,

Drmring thee last vears nammeroms investigatioms
on the new Toams have been carmied out. The
miosl impetant investigaisons and the
correspncing resulis ane presented.

Simce thee end of 1991 i s treed 1o
intemationally coondinaie the mvestigation
programimes, In view of the oross-border on-
ordinution in connection with investigiged foam
svstems, the applicd sincsses aml the esting
lemperatures, ihere is the prospect, that single
investigation results may form part of & wsefol
globul assessment,

Snureirmiry

Within the next vears, the applicstion of CFC-
11 sl be forbicden in all of the investigotes]
cominiries. In the district beating mirkets thene
e ihree sliemative foums for plastic jacket
pipes ol Tened fodkay by commercial production:

- EX5-dean from differem manuiaciorens

= M- foam from ABB 1C Miller, blown
with 1.1, 1-irichlorethane and HORC-22

= “green foam’ froan TARCO, Blown with
HOTC-142b and €0,

Iniernationmilly there are oo nestrictings
regarding the application of C0-foams,
Foams containing 1.1, <nchlorethane (sich as
M) may be wsed Tor some mone vears; stll,
there hax been determined o demiline i all of
the investigaied copnries (depending on the



coitry there will be o ban between 19904 g
2005}

Foams hased on HCFC- 142h and CO-5 are saill
allowesl in most counines excep Switterlund;
here., all HOFC s are banned from the year K
orwids, Accordhing to miemationa) siaiemenis
onedl matkinal legal projects there is o trend that
the producton or apphcation of all oeome-
relevant foams shall be redoced.

For the safe operution of plastic jocket pipes
with CFC-1 1-free foams i s indispensable thai
the technical regquirements resulling ot of the
thermo-mechonic stresscs ane mel. These
rnpnmmenl'. el

shearing resistance
— compression strength
= temperatione resisianee and
= aging resistance (service life),

During the yvears 1987 (o 1991 several countrics

camed through intensive investigations on

CFC-free foams., but these investigations were

I-I.ﬂ"ﬂirltlil”}' impained by the following fects;
during the above mentioned penod the
foams were sl b a niscent apge;

~ i many cases the lest methods wene nod
suitable for CPC-Tree Tonaras,

— peithier the investigsad foans nor the test
wconditisns wene coordinuied between s
lesting agenches.

Mot until i 1992, coordinaled investigaiions on
reference fmams stamed. The agreement on
reference foams and the coordination of the tesi
conditions constifube mporiant prersgquisiies for
i global assesament. Thanks 1o e cooperion,
investigations cartied through ot different
testing agenches and with papes and rest cubses
cun be comparned

There are plans 1o adopt the new test concepls,
which are inde pendent from blowing agents, Tor
the European standardizotion, Then, the
reduiined design approval tests for the marketed

|

T Troin the viioos manslpctirers may be
curried through, The oaly gap in ihe new e
programmes which are sccomparied by the
Evropemy Projpect Growp bs tee Tact taat
investigutions on the axial shearnng resiaance
are missing. The axeal shearing resistance is the
mosi inportand charactensaic of plastic jacker
pipes, i it allows emlless-loying withoul
EXPANSHING jOis.

It would be o paty of conclusions on the axial
shearing resistance could be drawn only from
tangential creep tests, If there should be any
Minancinl menns available for the nvestigation
of CFC-{ree foams, these should be allocared
for the determimation of the axial shearing
fesislance.

There remains the hope that the development of
the €Oy ~foums continues the mend shown
during the las years, reaching gradually a
higher lemperture resstamee so th tils e
of foam which ks most fovourable for the
emvironment meets all the thermo-mechanic
requirements.



DISTRICT HEATING PIPING WITH
PLASTIC MEDIUM PIPES;

STATUS OF THE DEVELOPMENT AND
LAYING COSTS

(1992 I3

Tnirodueiion

The medinom pipe of 4 conventional disinet
heating system s made of steel since this
material ks particulady suiiable for
withstanding thermal and pressure losds,
Plastic medium pipes cun be more Tavosrable
than steel For small pipelines, even toogh
ey can only stangd lower lempenitire ansd
pressire losds, The pssembly procedure cun be
w mlviiageous thit cost reductions for
pipeline construction result even though the
pipe muiterial taell s ofien mare expensive
than steel pipes. To mediece the bigh
investments cosds of pipeline constroction amn
abtemgd must be mudde o use these possihle
savimgs 1o the full. They are offered in the arca
of small pipelines and service connections fior
mwmanal dimmeters under DN 100

Suitable pipeling svstems with plastic mediom
pipes are being offered for sale i all the
countries being considered berg in Western,
Ceniral and Morhern Evrope, alithough not
always 1o the same éxtent. For this neason, i
COffparison ol the user praciice wmid
constmiciion cosls between the countnes
wirld be worthwhale. The work v an
extension o pn |EA-repon. based on the
statis in 1985786 which concerned the
construetion of pipelings in areis of low hoil
density. A comparison of pipe systens of the
manrket today with thase comsidercd wi tha
i muikes the mpid developmen
expericnced in this area quite clear. Tn Met,
nod e system is still being offercd on the
market without changes having being mace,
The many new developments mean thal it
muiy be assumed that there i< still a
conmidernble polentinl for o furiher
development of these sysiems,

The statue of the developmcnt foday can be

summanzed in three senlences:

I. The experiences made by the manufacturers

and from applications have produced o

positive effect on the market, which has

inereased the expected tumenver of
estolished manulischurers. and hos alss
abtrmcied new wipgleers,

Manufacturers and users iwre following

diffbculi development objectives, Plastle

pipe svstems will be open o professional
applicutions s manulaciurers will be ahle
lon incrense their umover only when all
remaining application problems have been
cormectly solved,

A, The wriwever of pipeling material bewed on
cross-linked polyethylene s many nmes
higher than the wmover of polybary lene
AL

Bl

These statements must be explained more in
iletail, The estahlished manufacturer of plastsc
syaleims avsesaes the changes of these systems
s positive, In mbbition, o compeient company
from Switrerland, Kabelwerk Brugg, has joimed
these suppliers and has infroduced o pew
system, I is abso ineresting o note that
minyfaciurers of conventional sysiems, ¢ of
Mastic jackel pipes, ane increasingly extending
their paleite of products including plastic
sysigms, e, Likgstir and Donsk Ronndusin,
Wirsbo hias even introduiced & mﬁn‘ilﬂc Ry stein
|.||1I|"u.11.|5|'| this COMTpRInY alremly has a NETY hl@h
positton o se market as mamsfactmer of hasie
muikerial,

Plantic medium pipes have boen applicd ina
lnrpwe anber of relference "actworks” whach,
Fow several prodects. have alrendy shown
perinsks of utilization of up (o 12 years. I is
aoticeable that the main pres of sules is the
srmanll, household-oriented comdnsction ol
pipelines which are served by plumbers, In the
cusg of profeasional pipeline plonners of the
aupply for communities, these sysiems have
only been introduced in isodared progects where

i
=



this type of design has been regarded as
advantageoas as a residh of special experiences
with plastic or for reasons of inientional
inchusirial cossperation, In paricular, P loig-
Temi expenence s mol sulTiceent [or districy
hesting supphiers. In general, it can be said
heere that the main problens lies i the
permenbility of gases through plusthes. Even |
ane regands oxygen diffusion into the heating
water as a problem that was originally feared
but which can be solved with aday s designs,
the seientilc discussion is being fed as § result
of the Tact that even winer vapour escapes. The
supplier can only expect frictionless sale of s
prosduces when this question has boen clearly
answered and the new sysiems show
advamages when composed with the proved
building constructions

A Tl dbecision o the advantages of
competing matenals polyethylene PE-X

i formerly YPED amd podvbutylene PB cannot be
made. The decisive advamtage of PE lies in s
weldability which makes jointing eosier.
However, this mbvantage has disappeared since
ihe mechanical jointing elemeis for PE-X ane
mennwlinle regonded as relishle. The
conpecting strainers, avialoble oday, have
been classified oth by the user as well as the
mianulsctuner as =0 reliabbe teat they can be
bried in the ground. Funher develspments on
thesg connectors are o longer concentruied on
a reliahle Tunction but on reducing cosds by
means of suving malerial and simplilying
ausembly.

Sraipre oof th Tash

The work presented here had the objective of
descriting the systems which are offered today
and 1o presend the st of development which
ihey have schieved, Problems which siill
himnder an unconshitiona] application should be
outlined, Alarge pont of this work is devoted 1o
cost considerations which compare which
laying costs would be incumed by o particalar
syslem in a particuloar country,

B

In mbditaon, this work mchsdes a stati
consideration of the Tife of plastic medium
pipes, This wies noeded because of the fact thai
aysiem manufaciurers were giving differeni
Towad Nimuits for the same pipe.

Sy

Drisarict heating pipelines with plastic medicn
prpes can offer mivamages in public supply
ayatems with diameters bess than DN 100, The
starwdand desagn with medium pipes of cnos-
linkesd polyethylene PE-X {previous YPE) and
perlvhatylene (PH sceim 1o be sunable Tor losds
of an operating pressure of 5 bar and variable
supply lemperatine iy o S OO

Pupelines with plasic medium papes have
broupi cosit advantages of up 1o 200%
compared with foday’s standard design of
plastic compound jacked pipe with sieel
medinm pipe, These advamages vary
considerably from manufsctunes 1o
manufncturer; tey differ i the porthem and
mididle European countries considened bere as o
resull of the level of the civil enganeening oosts.
Sovings are o resull of the fast and Bexible
mcthod of laying.

The low propomon of plostie pipelines in
pulklic disivict heating networks is primarily a
result of the sensifivity o femperatione and
pressure ansd the ek of experience of the
longierm behayiour. The use of ihese lexible
systems will increase as long as ihe cosd
alvantiges reiain amd Dether positive
operationgl experiences ane made wnd
tempeeraiune/pressune levels ane decreased,



RENDS FOR FLASTIC JACKET PIPE
SYSTEMS ABLE TO WITHSTAND HIGH
TRANSVERSE LOADINGS.,

(1992 )

Feirlier Pesign of Seads e Angifarr
Dheviiiitony

Teslay, most of the district beating pipelines ame
mnnufictunsd o plestic pckel pipes. These
comsisd of o sbeel mediam pipe. & thermal
insulation of PLIR-foam and a HDPE meke
pipe. Charactenstic feaure of this disign is ihe
Toct that district Beating networks mre conceived
foor @ serwioe life of 3D to 500 yewrs anad that the
stugcally stressed plastics « due 1o the mfluence
ol ugte ol timie = mre swhject 1o siong s,
Therefore, for desugn of the plastiic components,
raterial propertios which are redsced die 1o
mgeing have o be applicd.

Reganding the normal maximum mediom
temperatures befween W0 and 140 °9C, the
tramsyerse boads may set on the PLIR-foan o a
very smull extent, In cose of high ootgoing
temperatures sechoas 1H)C o 14070, e
nevessary permissble compressive stroin of the
PUR-foam is as high as 0,15 MPa,
Accordingly, the transvene displacement
oerming al bengds hus 1 be absorbed in
cuvities (expatsion unit) of in expansbon pads
(foamed cushions ) in onder to protect the pipe
against high soil resistanee forces. For
conventiona] plastic jackel piped, angular
devintions have 1o be limited 1o maximum
witlues of 3 7 and 6 7, depending on the: Hne
sifution.

Seape of the Xl

I spabe of the constmuctional imgrovements,

expansion pads are regarded as "weik poings” of

ihe plastic jackel pipe sysiem for several

e

= &b Far, the ong term operativensss of the
expainion pads lias not been proved;

= enpunaion pads constitute an sddinonal
thermal insulation wiich causes that the

T—

plastic pape’s jacket emperature s
increased:

= when the expansion pad is compnesssd,
considerable newet fonces e actividsd,
which cotse o comsiderable lood on the steel
service papes sl PUR-foemg

- af oaid sections, e application of
capanskon puids causcs additimsmal problens,
because the reeommended beaning capacity
cunned be reached wi rosd surface level i
the depth of covering is low;

= large pipe diameters and mon-prebestsd
piping resull in large expansions and large
variations of expansin sone lengihe. In
imixsd cases Ihiose expansions canmid be
absorbed inside the expansion pads., because
the permissible expansion pad thickness ane
limulteal by sodl smechandcs amd heating up of
thi PE-jacket.

Another problem are e angular devistions
between aboul 8 © and S0, which normally
cannot be realized with the former plastic jacke
pipe systemt. This makes it either rather dilficull
for Fimal the Tinees, o cost imlensive conipensikn
elements ane regpuined.

Adrey il tive Snandy

Part of the mvestigation progect “Mew Testing
Technigues and System Components al the
Plasue Jocker Fipe’, carmsed through by Gioas-
Elcktnziting- und Whisserwerke Koln Al
(GEW b is o exclude owi the wamal expansion
piaeds b hemls,

GEF {Ingenicursgesellschalt fir Encrgictéchnik
el Femwserme GinmbH ) whdch is eminesied
with the performunce of the study, assunsed that
ihis was it possibyle with the usapl componenis
of the plastic jacket pipe, becowse the increased
bl cumnot be withstossd by neither the sleeve
piinis, o the foum or the seel pipe.

Therelore, pipses lave to be developed which
can e lombed especially in trapsveree direction
and which, withy permissible siresses, can carmy

[T ]
-



ihese boads. For thas puarpese, the develoganel
of a fogm with high midaal compaession
resistance mkes the limelight. Souch
"polvurethane-lightweight conenete” woubd
have 1o be able to transfer ihe mnsverse boads,
which are cawsed by the bedding reactisas at
the chages in directions, fo the mediam pipe
during iis toal service life.

Swmmary

In an idemationsl cosperalion o new
component for the plastic jacket pipe system
has been developed, which allows a design
withowt “weak point” expansion pads and
which makes 1 possible 1o realize any change
i directbon between O and 180" This will lead
i bower lay g costs, g0 higher opentionnl
walfiely amd - losa bat pot least - gooa longes
serylee Dl

The new component, for which GEW Cologne
applicd an intemational patent, is based on a
Cigrmman inventiom, Today, it s manufacioned
by ihe Drapish system manufsciurer TARCOL
The soil reaction which is the main basis for
the design is bised on senies of measurements
from the ASCE { Amernican 5oty of Civil
Engineers).

The bend able fo withstand high transverse
bodings 15 dostally conformal to the system and
i coniected Lo the siraight plostic jecket pipe
with the nsual joind - like o standand pipe. A
leak delecting device may be kept inside the
bl bo,

The bend's ability o withstand higher
tramsverse loacds is due o a reinforcement of
the foam with expanded gliss beads. This
reinforced foam lkas a permissible compressive
stress which ks 10 times higher than thas of the
noa-reinforced fuam, Therefome, bends able 1o
withuiand fgh tranaverse loadings can
definitely withstand the soil resctions which
ovul a3 4 conseuence of the iransverse
displacements of the pipe.

x

The PLR-foam has o be reinfoseed only in
tharse spetions, where the radial compressive
stress i bow liighy fos normal foam. Due o the
high soal reaction, the tremeverse displacements
decline already afler o short distance. [n ease of
smialler el medinm diameters only clighily
lengihened. reinforced bend sides ame requined.
Nonmally, bend bog lengths of 1 1o 1.5 m are
sulfficient

Afer 3 yvears of testing in laboratores and pili
plants the new components ane considersd
ready for the market s are apphied in severl
Europenn test sites. A systemuatic test is carrled
throwgh an 1w test sites i Cologee applying
corldd laving [0 150 o 10 . Here, occurring
displacements of the system are collectesd with
miire goeurates. Bewdes, tee stee] stnesses are
mecsamed both, i longitsdinal amd in
circumifercotial direction, of the highest bnaded
eross-sections of § circumferential points with
the help of wire stmin gauges,

A further application will wake place in 1992
with cobd laid kengths DN 3 in Copenhagen,
Hezre, the ocourming forces and displacements
wre reduced by lowering wall thickness of the

straight pipe.

Thie bends for plastic jucket pipes able to
williwiand lu;ll EFmA e g 1:nullng:. e alsle o
ke wp - wisder coexasting lood and
temperatone - hagh redial compressive stresses,

Here, the non-ageing expanded gloss foam
trinafier the forees sturting from the medium
pipe ol the plastic packer pripe. In Cise of the
new bends for plastic jacket pipes able 1o
withstand high transvense lomdings, the
functics of e fomm, which loses most of s
resistonee charmcteristics under tlempemiture
und time, s reduced 1o the bedding of the
beails. There fa 2ood] hope (hab the plasaie
ket pipes service life can be mcreased by
the application of bends for plasiic jucket pipes
uble 1 withsiand high rransverse loadings in



the area of changes in direction, and con help
i reduce ihe cosis,

Regamding iis technical and economical
nclvantages it has to be assomed thik the new
component will see prove its wasrth in the
market wnd that it willl be applicd mone often
from 1993 onwanls,



Aread

Consumer Heating System Simulation

COMNSUMER HEATING SYSTEM
SIMULATION (1992 P5)

fufresducnion

The ohjective is o develop o dymamie
simulistron food for comsemer heating syslems
expecially designed for distric heating.
Conpared 1 traditional HYAL sysiems, thne
connected 1o district heating systems differ due
i Mo comtrod ansd focies on lempenine
difference of the primary water, In this repon
o sysbem copgeps are described, one radiabos
system and one system for ventilation air
heming. These pwo sysiems are coinbined as
comsurmer installaions and linked 1w o consumer
subriation best exchanges. The fosdul sysiem
concepl 15 described.

Somi west sumalaiions are presented 1o give an
iden of the altemutive spplications of the
simulidion fools,

Surmmry

CHESS is a PC-hased dynumic simulation tool
for Consymmer Heating Systems especially
designed Tor Darict Heaung.

The tisal 1= also very wseful for Hemting Syvstenis
i genernil where a grest conling of the ha
waler is importand like i systems with heat
.

The CHESS-concept is based on o assibular
structure where the system you want (o analyre
can be built pgether from separate models of
the actual components in the system,

The basic mocdels take care of the effect of
varying water flows and s influence on the
heat transder coefficients,

Al this singe of the progrumime developament
the Hnking progechines have 1o be done by

experts, More developing work is needed v
etihaice e user Mrcndlliness tooa level where &
non=gxpert muy build his own system
cosifipuritiaons,

The programme 0 hand comains fwo separats

S

cxeculiye progran-yerssons-of o chisen
‘refifrence sysiem’ . Thewe evdcunive
progromimies may be opernted very easily by
e P,

The CHESS <omeept may be used for several

plarposss like

= Ciptomazation of femperstvne diffenspoes and
the waler coiling in the sysbem

= Evplugtion the regulativity of the sysem

= Chewwming the right regulator

= Adjusing e regolagor

= Ewalunting of regulatmg valves

= hawwing ihe right values

= Chawwing ihe nghi place for the sensors

+  Esulusting the regulating conscgquences of
hysieress eic

The concepl mukes o possible to evalunie the
whiohe svalent operation on the designstage und
therehy eliminate had system confliguralions ai
an eorly stage, The CHESS-concept muy also
e nwee] 1w .nnu.'ly.n;' carsiing bad working
svstemms b see the effects of poeaibde changes of
ihe aystem.

The simuilatvon peogram is sdapicd from a
simultion tool named CYPROS SIM which is
o program for sobving aonbinear dynamic

proflems,

thderiong ol ilskens

A disketie with ihe excoutive programmes that
are developed may be requested from the
merber of the "Evecutive Commitiee” from
sooner oy compry of froan MOVEM, The
Operating Agent,

The following reference 15 recopnended:
TEA-Dustrict Hlewing and Cooling Meoject”,
Annexs U 'Consumer Heating Sysiem
Simialaths (CHESS ) Moveiniber (992



Area s

Supervision of District Heating Networks

QUANTITATIVE HEAT LOSS ANALYSIS
OF HEAT AND COOLANT
DISTRIBUTION PIFES BY MEANS OF
THERMOMWGEAPHY, { 1993 P8y

Bavckgrnimd

In those countnes which have a long waditeon of
alistrict heating, o new concem has arisen
recently: centain distnet heatng networks are
approsching the end of their rechnical fifetimes
andd the heat foss i odder culvent networks are
incressing significantly. In onder o chan te
requirements and respurces for monienance
measures. i ks important fo be able o dignose
ihe condibions of the paping network.

Cine methond mcreasingly ised for heai boss
detection is based on airborme amd groundbome
ihenmopraphy, 16 this method the mapplig of
the ground temperatune can be used W give
gjadhative infordialbon ahogit the network
cosiiclitivsiia, mruiinly with e abim of lnding leaks
Witk the help oof miore relined analyical
rethinds bl ks poasible in the boag ruin ol only o
e leaking meidia papes. Bul also o dete mmine
the comditeon of the imvsailation. Ln thu way i
will bz possihle po draw conehisions shen any
domnge to the protective casing of the culven by
determning the smamint of best kins
uantilatively

For the last coagale of years Studsvik has been
wirtking o the developmenl of a imethosd for
apeantifying haeat bsses from distnct heating
pipes by mcans of thermograply, relerence [4],
[ 3] An overview of differem parts of the carlier
and present projects which have led o the heat
liwss inperpactation model s shown,

Adwr oof e prrefect

Thet aim ol thin progect was B venify a mosdel for
Euanhtative detcrmunation ol heal b using
the tempersiune prodile on the growmd surfsce
above o pair of hot water disimct heating pipes.
I prsciical applecatsons, this prodile can be
genetsiod by meats of thermographic methods.

A seoomd aim of the propect wis b extend the
mwsded 1o inehude pipes for steam distiibution
il dstrict cooling.

Sevgre o ok

The work o be carviied oul deals with Use

ollovwing proflems:

- mefinkng the maodel by sysieratic sensiiivily
studies including second order effects due o
varying ground propertics

—  msdification of the model for steam pipes
development of model extension for coplam
distnbution pipes

- experimental verification of the mode] on o
fest pipe witl conirolled heat supply,
simulating hot waler and steam pipes,
respectiviely
application of the model 16 3 thermographic
evaluation sysien.

Conclusions
The model for quanititive termograply
amilyses has shown b enlarge the range of
applicability coampancd with conventional
thiermagrighiy evaliation, Under seal
comditions the heat loss from district heating
pipes cui b wnalyeed within m pocumey of
+ VMR

~  The interpredstion meskel was spplicd in s
el experiment in Visteras showing i1s
psetulness in the furlser analysis of
guestionable sections us detected in the
cosurse al a pencral themegraghy survey,

- The mierpretation model nesds an inpn
vitlue of the imench depth with a highser
pocuracy tan often available from
drvwings, In this case U wse of electronic
sensor lechmigucs for pape detections migha
be o prossabnlity.

= The thermal conductivity of the soil kas - in
Conlias o @ comimon opinion - oly a
relstive small inflocsce on the heat loss,

= The ground must be dry, otherwise
evaperation of water on the grosmed will
affect the temperntune profile. However.
well wetted surfaces con, uneber some



circimstances, also be wsed for gualititive
evaluanon of ihe pipe siandanl,

A drying surface will canse misleading
reskilis due 10 Intemt heal trunspan,
Thermogmphy durimng exposune 1o long
wive wied sidir pdiation s possible if ihe
surfuce = pniformiy exposed 1o the
raddigtion and i it hos o omeogencous
eimissvity within the surfsce area 1o be
analyred,

The prevailing wind conditions aifects the
tempserodnre profile for severnd bowrs, This
effect con b incloded in the interpretaiion
ke | wath Tarther analysis,

The TX facior measured al o certan
moartenn represcels the insulation status (and
temperatune condition) from o period
starting aboait one week prior. Hence,
changes in the insilation sans which are
more recent than this, can msl be comeeatly
analyzed. Similar, i the desimbution
tenperature changed drastically within the
precedmg week or se, one must be careful
in bterpreting the thermogruphy results,
The interpretaion model can also be wsed
with high socuracy for stemn distribution
systemis. Its higher emperptune level
compared 1o hot witer distribution systems
lacilitates the evalumion of the
thermography picture,

It i hifficinlt o qpeannify the beat guan in
district cooling applications by means of
uantitntive themmography analysis doe o
the smull femperature differences ab the
gl surface.

Cuantitative thermography amalysis can be
sl forr leakage detection in district coaling
systemns. However, the process of lenking
water soaking the ground must be further
analyeed,



Area 6

Advanced Transmission Fluids

Under Annes I the sciivites on ihe ilem
Advonged Transmassson Flds wene
concenimied to the fnﬂluwmg subisks:

A Advanced I".m:q.'j Transmussion Fluds fos
District Heating and Cooling

B: The Design and Operation of lee-Slomy
bursend Dhstrect Cooling Syatsins

ADVANCED ENERGY TRANSMISSION
FLUIDS FOR DISTRICT HEATING AND
CEMMLING (1903 7}

Inbroadusction

Under Ameex 11 of the livemationil Energy
Agency's Implementing Agmeemeit on Distric
Heating and Cooling, the Expens Group on
Advanced Transmassion Flusds comtinued its
progrmm of research, development, ansd esting
that v onghally mitided in 1987, Member
country representatives from Coeada, Denmark,
Fanband, Germany, The Netherlonds, Sweden
and the United Seates developed o rescarch
progrum that pddnessed major concems relsting
i thee v of fraction reduction addstives
(FRAL) amd bsoked Turther into the problesms
associated wilh advanced disiniet cooling
tevhnologies, Bxsed on g review of proposals
submidted by several reseanch groups, the
member country nepresentatives selecied four
projects 1o be carried oot under this annex, and
getivithes were initiated in eary 199],

The performaince of heal exchangers i systeoms
pinliring fncion-reducing additives was
identificd o5 an area of concem, since earlier
gcsding had shown thst FRAs coused o
degradation in hest trmnsfer performaonce
progotional o imgravements in faciion
reduction. Bruun & Sorensen was therefone
akocdd ko undertake o project o test heat
exchanger performance in a system using these
acdeatives, and fo develop alternatives o
iwervone uny losses in heal exchonger
performanoe

A second concem of the E:l.pn"l El‘lllu"l cemerel
o the potentiol environmental and healil
cllects associmed with surfactant frcosom-
rediscing adiidives, ihe lesding candidate
chemveal under conshideration Tor wse in district
heating systems. The University of Dortmunsd
perfnrmed o compeehensive Hterafune eview
and ssscssment ol the envirmnmental effects of
surfactants, and performed fests 1o determing
their achorption propentics in variows soil Lypes
o [ means ol atwui:np: Lhi T.ltl'lll;'.'r.ll‘lll iriipacts ol
ilisirict heating systenm leakage wsl spills on the
bacal environmeni,

In Anncs 11, the Experts Growp performsd o
prelinsinary evaluation of the potential for
increaseel commosion of district heating and
conling system melals dise o their xposine o
fction-reducing additives, Under Annes 1L
the O¥ier State Uiniversity expamded this
evalumtion ios lest several candulate additives in
avanety of water comgpsitians and in
combinathon with comosion inhibitors, Testing
wits alsa carried oul an ewo lermperalure fanges
commen b distict heating system operation.

Al umaber Annes 11 research and testing of jce
slurry migiunes as a means of improving the
enengy imnsport capability of district cooling
systems was earried oul, [n an ¢Tor 10 move
ihis exciting technelogy oul of the research
stpge foward proctical consideration as a viable
concep for building cooling, Annex 111
supported Energy. Mines and Resources
Conmila in the development of a maineal which
prowvides disign puidelines aml allermotives for
ihe use of joe slurmies in district cooling
RYRICIN,

Each of these losur escarch projects has been
coumpleted, and the resulbts of the effons are
presented in the report., In addition, o founh
atnex wmbdressing advanced iransmision Muids
hus been ppproved, aml several new nescanch
anad testing projects will be initipted in ihe
iechnology area in the near fuiuie



Summary

This repon deseribes the resulis of resewch
amdd testeing usdenaben by the lmernsional
Energy Agency (TEAL Undier Ammsex [ of the
IEA's program. the Experts Group oo
Advanced Transmission Fluids for Districi
Heating wmd Cooling Applications underioonk
fiowir research progects thit addressed:
performance of plate heal exchangers operating
with Friction redictbon sddilives:
cnvimumental effects of surfaciant friction
reduction additives: ise of ioe slumes
district conlimg systemns; and cormoskon effects
of Trictbon reduction uddinves.

Performice of Plte Feat Exchangers
operiiing with Friciton Rediscong Addines,
Bruun & Sorensen Encrgitckmk AS of Risakonw,
Dienmark anderiook o investigation of the
elfests of frction-reducing additives on the
performance of plite hest exchangers. An
expenmentil plae ot exchanger (7MW was
installed im the distract healimg centre im Lind,
Devmark, im parmblel with the exsting main i 10
MW hesit exchanger ai the centre, Ohier 4 ten
oy period, lests were conducied using the
Fricthon roducthon mbditive "tenside” o
conceirations of [0, 215 and H00) pans per
itillion (ppm. Supgly and return e
el Moy pates were measned, o wos the
pressure boss across the primury Gsblinve ) side
of the experimenial heai exchanger. The heai
trutisfer coefficient () amd heal transmission
coeflicient (L) of the heatl exchamper were then
calemlatel,

Thiz resishis of testing showed that the culouluiesd
heat transier coctlicient for the plaie Tea
exchinger operating with enskle cun

mpjrros nate that of piere water, if low velociny
scross the exchanper plates is incréaseild. The
higher the concentration of tensade, the more
the velocity must be increased, however. This
same characteristic is also apparent for the
exchanger heat transmission coeliTicient, with
the K-value heing improved af the same overall

L

Mow. rade by neducing the woual gap ares of the
heat gxchanger plates.

I order oy competsate (or the neductson in heat
ramsfer gssociated with the wse of friction-
reducing sdditives, higher Thow velocities
through the exchanger msst be employed winle
muintaining the required effective exchanger
surface arca. Three design ahormatives con be
considered:

1. Unaliver bonger plites. Elongited plages will
compensate for the redeced heat trensfer
coeiTidkent without sigmificantly changing
odher exchanger parnmeters, By allowing
ihe exchaniger 1o femain & o singtle pass
sysiemi, this aliernative minimiees iotal
pressure losses across twe best exchanger
and maintains all piping conmections on the
same side of the plate exchanger for case of
instullugion and servicing. Ina new plam
instalbation whene suflicient space can be
miade aviilahle for the hmger plates, this
alternative would appear 1o be the most
pruictical,

fd

Inercise the number of plaes. 11 an existing
plaani b5 beineg maodified o wilive friction-
reducing mbdinives, 5t moy be possible fo add
addimonal plates b0 the hem exchanger o
compensse for the reducted best transfer
coellicient, However, preliminory
cileulations mdicate et the aurmber of
plates regquired o mainimn ream
femperaeires. in e primary distnc el
sysbem may be substantinl (up o 000
e b

3 Conven booa two-piss systein. In an evisting
plamt where space and cost constraims may
b apparent, converting the: plate hea
exchanger inbo o iwo-pass configuration
may be possible. The associsied velocity
ard turhailence incneases will improve heai
transfer coelTicient and lower primary side
returmn femperaiure. The negative aspecis of



ihas aliermptive include o sigmificant ingreese
i system pressure loss, pnd problems
arsogigted with mone comnples piping
COiiReClOns.

Esrviromimiendad Effeats of Sanficdant Friciiom
Rehwevion Addinives

The use of fiction-reducing additives in district
heating mnd conlimg svshems must take nto
consideration their impact om the envirommeni.
anil the healih amid well being of all fiving
organizamns thot may comse into contact with the
mibidinives during ther use and disposal, The
Uinaversity oof Dortmuned therefore underiook an
investigation of ane popular cliss of Inction
reducing aduditives, eationic surfactants, 1o
assgss thewr hazard patential when wsed m
district heateng and coaling applicatns, This
effor o lisded o compichensive revlew af the
uvailable literatire pemakiving o cativanic
surfactams, eonbined swilh testiig of the
wilsorplion churaciensics of surfbctsn
sobislions (n selecied =oil 1ypes,

The strsctare of the cationis surfoctunts under
consideration for use i district heating svstems
ks very similar to that of other cationie
surfactants in wide use today, As such, their
tosfoaktical snd ecobogical propeénies ane
stmilar:
- primary hlodegrmbability > 205

ultimute biodegradobility = 6075
= fish fosicity = | ngh
- hueieria sicidy = 1 mgll

T impewrtang charncremstics of catmmic

surfactants serve o reduce the exposure sk

associmed with their secsdental release imo e

envVInMIeiL:

= they form newiral salis when incontiuct with
amivnk: surfoctants that are present in il
wasde wlers and surfuce waker.

= ey adsorb on all solid surfaees.

T asaess the potential for damage due 0
leakage ina distiict heating or conling sysiem

employing cationic surfacianis, sbswption
lesting wis conducted using several common
sl fypes, The resubis of these ests madicated
thad surfacinmis are imeversibly adsorbed, with
the rate of sdeorption by the smoun of clay
resent i the sail.

Tee Slrry Based Distedet Conling Svaleirs

With the evolution of nesidential and
corvmercial buildings inio tighter. mone energy
efficient strociures, and the gremtly increased
use of electnical equapment and appliances
within them, the nead for space conling has
incremsed signeficantly, Diarict cooling systems
priviicle am aitractve meanis of conling building.
especially in higher density commencial darcis.
Accondingly, research is bebig comabucted 1o
improve the encrey aml oporting performance
of lurge chilled wister systemis. O peirticular
technokagy, the wse ol ice-waler shurrics.
pEaicliss an opporiumily o greatly iercase e
conling energy capucily of o given volumnse of
cooling water, leading o reduchions of gapital
pusls for swstem construction, @ well as
pdictionns in pumping costs gssogiated with
SYSIER oo,

Under this IEA annex, Encrgy, Mines and
Resoisrves Canadi Jeveloped 3 design maniil
for bee shurry bused district benting and conling
syslemin, The il summanses swveral
sysiem design altemativies, which ane coch
orginiaed in sccordance with the major
clements compriseng a ivpral disnel cosling
swslen; iwe shiery penermtion; distribition;
storsige: and unilizatioi These design
wleermatives illusrate the diversity this curmently
exists among e technologies thal can be
emphoved for e shirmy hased disirict cooling.
The design mamal also wentifies o mamber of
mreas wherne research, development, o lesting is
regguined for support the varous system desagn
wliermatives.



The nfliwence af Frootton Redioermon Adidinives
et conrvunsdon) rabey of Disieict Neating Setea
Marerickls,

The use of friction-reducing sdditives in district
heating and cooling systems provides an
opportunily 1o reduce system oosts and impiove
wpcrninig performance. However, the potenmal
cuists fowr these additives i have debeteriouns
cffects on metal pipang mnd other dastnbaition
sysbem conponenis. The TEA there{one
consducted @ preliminary study, in 19940, of the
corrosion effect of cationic surfactants in
sobutions of tap water, debonioed water, and tap
waler comaming cormoston infibitor.
Subsequently, a more detailed ssody of the
corrosion effects of friction reduction addiives
was determined 1o be requited, and wis under
taken by the Ohio Staie University under this
TEA ammex.

Pitting comindon ruke susceptibility and
corrosion rule tests were camiod out on AlS]
ivpe MM sainless steel, SAE 1112 (AP Grde
B carbon aeel, copper V10 copperfnickel, amd
Bl copperizine samples. Corrosion
civaronments ancladed wp witer, deionized
waler, deosygenalol waler,
deionizod/deoxygenated water, and & 305 tap
water- HFE dejonizod watler mixiore, Tesis wene
carried ol af temperatures between 60 °C and
10, el also st 25 °C o approach disanet
coiling syeiem lemperaimes, with pH values
vieried hetween 7 and 10, The effects of severil
friction additives on puting susceptibility and
corroalon pues were assessed. Additional (e
were conducted using corrosion inhibabors in
combinution with friction reduction sdditives,

The reslts of westing showed teat, with the
excepinn of pilting susceptibility in tap waler,
the addition of Habon-Goor Ethoguad T/ 3-50
(plus MaSal) foction reduction additives cither
improves of hos o negative eifect on pitting
susceplibility or cormosion rates of the inon-
based or copper-hascd metals typically founa in
district beatimg amd cooling systems af

Ity

temperntures of & °C and 110 °C, and in some
cascs gave improved resulis, However, slverse
cotraaiion elfects were found when frction
reductiom mhditives coniaining chlondes werne
Testd

THE DESIGN ANDVOFPERATION OF ICE-
SLURRY BASED IMSTRICT COOMLING
SYSTEMS

(1993 P1.1)

Introtiaction

Simce the oil crisis of the 1971Fs, interest m
distnet heating and cooling has mnereased
dranutically. The Scamdinavian couniries
particularly, are continuosly applyving ihe latest
imprvements in distnct heating lechnology,
There are o number of excellent reasons for this
renewed interest, In addition 1o improved
performance dise 16 econamy of scile, a wide
range of heal sources can be applicd o DHC
sywbens inchading waste hent and combined heat
and power ICHPL

Emteress in DHC and commaunity imegrated
encrgy systems (CTES is monw increising
markedly i Monh Amencs as well. One
important element of CIES is the simamer wdr
conmdithoning load,

Environmeniul concerns ahoui the arone
depletion polential of some CFCs used today
have prompicd 2 search for abiermative conling
techmolegios. With the recent imgwovemenls in
low-temperaiune shsondion chillers. waste hem
Trowm any process sirewm of CHIP plan may be
sl o saniely a cinlling load, without the use of
CHC's, This abso improves the overall effsciency
af the process of which the residual energy s
derived,

I o evpienl air conditioning installation, cold
wiiter ks supplicd ol aboot T *C and returmed o
about 13 “C. The smiall amaount of sensible bea
cormesponding 1o this tempernmnne difference of



6 "C means that o Large volume of water lus o
be circulated in the DHT sysiem. 17 ihe
iemperabure of the supply waber could be
ddecreased, or if phase change materinls were
mcarporated m the cireulsling heat trnspori
Viguidd,, thee sysdem miass Mow aned pipeline
diameters could be reduced. thereby improving
the economics of the system, Smualler pipes
rechuce the installation and capital costs, and the
reduced surface arca decreases el giins and
therefore operaing expenscs. Alse, exiating
distnct cosling systems cin be expanded using
ice slarmy without increasing pipeline capacity.

The advantages of low temperaune akr
distribubicn (e, boss thon 10 °Ch are now belng
recognized. lee shirry based air conditioning is
of course very suilahle for low temperature air
distribuiion. The sdvantages include bess wir
transport, kwer homsepower fan mobors, less
viluminous duct wiork {the height of buildings
wan thus be reduced) and extra comforn from
Tower relntive humvidity, wathout terming] rebem
i Tomblyn, 1992,

This repont describes the mdvantages and
disadvantages of using ice slurry in distact
coohing sysiens. Some existing we slurry air
comditioning projects, and some thot are oncer
consrction sne described 10 demonstrate the
feasibiliny of the concept and o highlight
current practice. The more important physical
properties and behaviour of ice slumes are
presented in o form that will help he praclising
engineer or consullant o develop a IHC
sysbens design,

Sy

The disinict heating and cooling (IBHC) indusiry
is enjoving renewesl inferest in Norih Americo.,
The suceessful implementiation and opermion of
district heating systems in Nonhem Ewrope
prowves that significant sdvances have boen
muide in the arcas of fwel eificiency and selfi-
sufficiency, Impressive reduciions of harmful
emissions have been achicved &1 the sanie tinic.

With respect o district cooling, scientific
breakihroughs have been made recemtly with
fricthon reducing addidives for cold liguids and
phase change slurries,

Intisrest in district cooling is propelled by the
increasing cooding boad in commerncisl
Buildings due 1w factors such as the widespread
use of personal computers, other electronic
ofTioe equiprment and by the need 1o phose out
the wse of CFC's in accordamce wath thi
Montreal Protocol,

lee slumry has the polential 1o achieve
considerable benefits for district cooling
systemms, The cooling copacity of ice slumies
can be four to six times higher than thar of
conveniional chilled water.

In ihis repor, current practices and possibilities
of iee slurry utilization are reviewesd, The
pressune drop properties of ice slumes are
presepted. Several comimercially availahle we
shurry chillers are compared i termis of
performance and cosls.

The distnbubin netwaork 1s one af the high cost
ema in DHC systems, The mbvantages of ice
shurry with respect 1o cobd water are presented,
The effect of storage fucilities on the capaciny
of the chillers is discussed, Possible consumer
substation configurations are compared. The
repont concludees with a look ot controls, encrgy
meiering puesibilitbes amd leat exchanger
design for ice slurry use.

fee slarry technology can significantly decreise
the ogerating cosl of a disrict coaling system,
Alihoagh the capital cost of sce shurry chillers is
ot present higher than thal of conventeonal
chillers, significant progress s being maide 1o
reduce this cost,
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baliling cooling systems,
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principles of supercooling.

Deep lake water cooling (DLW
project.

Multi-otiliny ielemelry systems for
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Tusd womntrol

Irestallagsoi of wovel design heal punp
usAngE oW IEmpeTIinre ming Wsler as
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