Efficient Substdions and

Summary

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

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

To document the pesfmance of thelwosen
systemsa sirrulation tool was needed

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

Installations (1996 N5)

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

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

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

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

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

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

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

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

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

In these simlations we hare a comentional
high tempegture DH-system with 120C
design tempeture and 8C°C pilimary suppy
tempeesture in summer
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Figure 2: Primary retum tempeature fom space heang
hea exchangers as function of secondasuppy
tempeature for System 2
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Figure 3: Primary tempeature diference ér space
heaing system with optimeézl hedéing curves,high
tempeature DH-system.
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Modem DH-systems will nanally be
designed dr lower pimary suppy

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

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

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

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

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

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

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

of about 9% and 21%of the ofice kuilding

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

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

This is abieved ty closing the heting coil
contmol valves.

Intr oduction to the joint report

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

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

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

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

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

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

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

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

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

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

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

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

Intr oduction

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

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

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

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

The former \ersion of the CHESS pgram



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

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

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

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

Condusions

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

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

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

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

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

gain from this connection the tempgire

levels of mdiaor and heting coil systems need
to be hamonized

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

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

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

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

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

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

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

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

Objective

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

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

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

Motives br low temperatur e opeiation

There ae maly aguments indvour of lov

DH network tempeatures.As a frst

classifcation the bllowing main aguments

can be listed:

1. Improved genestion plant perbrmance

2. Reduced hddosses

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

4. Cheger pipeline telesnology

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

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



a low retum tempesture.

Ad 1 (Improved plant performance):

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

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

Ad 2 (Reduced hetlosses):

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

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

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

net lesult could be a higher heass.

Ad 3 (Reduced vater flowrate):

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

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

will be only maginal.

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

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

Ad 4 (Cheger pipeline tednology):

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

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

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

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

Summary

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

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

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

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

Intr oduction

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

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

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

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

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

2. A corventional designed heag coil



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

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

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

Condusions

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

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

The dimensions thare required ae:

« Height of the heting caoill,

< Width of the heting coil,

* Longtudinal tuhe spacing

« Trans\erse tube spacing

e Tube outer diametger

¢ Tube inner diamter

» Fin spacing

¢ Fin thickness,

» Fin wave deth, if wavy fins ae used

The other input @&lues thaare required ae:

* Air flow rate Liquid flow rate

* Glycol concentation for freez or lurst
protection

« Inlet air tempesture, pressue and humidity

* Inlet liquid tempeature.

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

of air wlume and liquid and air side hea
transer coeficients ae not accuate using
the curent assumptions and will lead to
the lagest erors.
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