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Managing a Hydraulic System
in District Heating

The Indermptional Energy Agency, IEA, Diarnic
Heating and Cooling Implenenting Agrecment,
in ity effons jor pok o ways o redoce the aw
ol energy. has prikluced a number of
prubdications denling with various sapects of
implemsnting dnd improving district heating
aml cemsling systems, This brochure highlighis
the manzgenkent of dsimg low lemperatiunes i a
ehirect dhistrvct beiting system in the
Netherionds,

Muore and rwore fow-femperatune sysiens are in
operation in district heating, The advantages we
obvious, especially when operating a direa)
sysigeim mml o STAG {STeaim Amnd Gasurbine
combined evele), combined heat- wnd
powerplant. Low lempersiunes allow for the
codling ol conalensers uf femperniune levels
|.'i|4'|1|1:||-.|l1-1r!' with conling 1owers at wlirsctive
|:||.1.'lr'|£1l'r|. EI.TI'H!IIliI'IF eiliciency,

Retirm tenmperabures rom consiners may be s
fow as 25-30 50 and may even be cooled down
further by partially wisting heat

11 the s tiemsd sadFicsent storage capacity of
heat is included, a STAG powerplant may e
operabesd almast ot will, regardbess of the
dincrepancy in demaml for clectrcny amd
heating.

A STAG plant of Imied copacity muy be
incorperated inoa regional or mitienal electicity
g, bovsted near consumers and opersied o

fuslleww Bear demand of and when i ooours o
opamium coaditions for generating elecincity.
Swch a plant, or sevéral siregieally located
plamts. could be regarded oe stand-by capacity
replacing obiker, kess efficient powerplunis,

When best stomge tunks ane located near
clhusters ol convsumiers, 3 reduction o paping and
pumips will resull, Allowing for o lower copital
Tasywout sund renbucesd pumgring cosis,

This repont lisoks ar o system where all the
absive advantages wens eventmally tiken inko
coisideration,

Although some of the advantoges were kst in
the Lube implememation of the proper hea
soaree, The overall picture will be of biterest o
all concemed with planning. operating and
|r1'|:|11£|1lr.'|1l'|r|,|,|: district heiting syslenis.

Apart Trom the olyybises sdvastages in rediscing
the elfect of heating wpon the envirooment, the
ovienll cost of beating coulid be redisced
dramatically by generating electmicity ag the best
possible efficieny. paving for the plast el the
mevessiury mdaptions to proshice heat. Even mone
advantageous when governments find ways amd
ks to allow comsamphon of coergy used for
hewting only @ consumer prices in aner Lo
force the optimal wse of combined heat and
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Summary

Purmerend is & twown with presemtly 640,000
inhabitunts growing o [OO00E, The town is
bocated 20 km morth of Amaterdam, the
Metherlands.

In 1980 the pown council of the muneipality of
Purmerend dechded iy implement o district
heating sysiem.

A munkeipal depastment was ereated o baild,
run and manage the system At the same time
the provincial electricity boand deckded 1o build
a combianed beat snd power station (CHPS)
from which beat would be sold o the municipal
heatimg scheme al cosd,

The present munscipal hesung syaiem serves
20,4000 howsing expuivalents through a 32 km
transport pipeline and 163 km distribation
papelines. The sysiem s equipped with

47 substanons, Heat is supplied by a combined
heat and power station, capacity 68 MW, and
65 MW g, an ausilizry boler howse (ABH)
containing 4 bodbers of 16 MW cach, four
mobibe Boilers of 3,5 MW for twemporary or
emergency dutics and three decentralized
stopage lanks of o combined capacity of

S50 MWh. The trunspon pipelines have a
sorage capacity of TH MWh,

The system may be expanded 1o swerve

I howsing -cgquivalents, Re-onganismtion of
the power industry brought the CHPS in hands
of the regional power company LINA

(Y Energteprodukeichedeiff UNAL the energy
preafnction cosmpany of the provinees of Elirechi
wored el Moliand amd the city of Amsterdam ).

As was the case for many a heating system,
the project Purmenend wis originally designed
and partly laid-out in far too grand a fashion
allowing for far greater demand, as well per
connection (housing-egquivalem ) s for the
entire svstem (simmltangiy ), than would be
ulimately reguirned.

This made it possilsle o chinge the planmed
inafimect system fo f direct system, The indirect
system started from a WVT0 regime, i.e. 90 °C
i e lesiese comisections and 70 °C retum,
This o be realired through wransport pipelines
wherein waber gt o lemperatune of 125 %C
winild e delivened.

Al ihe time the first pari of the system was
compleétel, it became eviden that a direct low-
pemperature heating system wos possible, e.p. at
o S50 regime. This would allow an egquil

Eranaport capacity in the same pipelines and o
thi same pumip pressures. Cosis in livoul,
muintenance amd heat losses wioild be
considerably lower. Also, this regime
comrespaials swell with the implementation
within the system of o CHPS al the highesi
passible ebectnicny genernfing elficiency. In
sililinson, direct operition will reduce power
required by pumps through upgrading of pump
elficiency and consequent reduction of
rCssbc.

The penernl conclusion drawn means that
applicatbon of a direct sysiem nequines |5 %
less capital investment thon an indirect system.
Additionnlly, heat losses and maintenance costs
will be lower, upkeep and operation will be
sarmplifieal.

Furher reduction of pumping power may be
obained by installing booster punmips. Hereby
all reguined pressore docs ol need (o be
supglied o source, giving the opporunRicy o
cither reduice presaure or reduce pipe sives.
Optimising of heal supply may be gained by
optimal application of suxiliory heal sources
and heat siorage tnks,

Hem suprnge tanks hove mwo fupctons, The firsa
function 15 thai they allow the CHPFS o run o
full capacity (or mot wt all) allowing for optimal
efficiency. Additinally, this will reduce the
number of starts, especially i summenime
whereby the plant may only be mequired o min
onoe every Two or three days, The second
function is thal storage tinks may deliver heat
at timees of peak demand, this nedscing the
maximum size of heot sounce reguined.

The obiainable savings in relation to the cos of
installing heud storage tanks is w0 dramatic that
conskderation will be limited 10 optimesation, To
imrease thit effect o ils maximai, tnks
shuld be siuated where their capacity meets
denunid

An autanomeses controd system wis designeil,
incorpawating the entire sysiem. When the
CHPS produces heat, transport pumps wall take
hot water out of the storage tank ino which the
CHPS delivers, and deliver ol water 10 e
tronspon grd i o pressune of maximum 6 bar,
The waler level of the storuge tonk nearest i
the CHPS 15 controlled by a control valve, all
other storuge tanks by Mow balancing. Controd
of stornge tinks and aoxiliary beilers is
muonomious, ALl srs of sifuaions may oo,
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depending on conditions i the gnd. The
controls automatically take care of heat storage,
Pomps are directed by a compilation of signals
found in the gral, parmps located a the CHIFS
amd at the ABH have key-functions,

By use of 1elecommisnication and a central
compater, confrol may be guined by means of
altering purameters of the sulonamous controls
anel resctivating local control sysiems

Through conditivned parnmeters, siomge tinks
muy be switched on or aff by means of aliering
vitlues intended Tor automatic fusctioning.
Pressure psing, and thus the ouigomg flow to
thee grriad, imay be champed by alering the
relating factor,

By meeans of well prodecied meaosdem, pablic
telephone and portable computer, the
functioning of the entire system may be called
up at any time, any place, Flow-chuns and
diagrams may be comsulied and, whenever
reduired. suionoeous contials adjusied.

Crverall control depenids on the type of users
served: one family howsing, Mats, major users,
The contreds are adjusted 0 demanad Toe beating
il il viduanl suppdy of hot water

Hezan consumpdaon s measured sdivicdually by
SNCEY meters.

Thie ennire ranispo, distribition and slosige
swstem is protecied against six potential
calamiities: bigh pressine in pumping siatiods,
high pressire in substations and distribution
grids, high pressure (n relurm pipelines,
overflow of storage tanks, deaining of stonige
Lunks and wncontrollied Mow bt oneg another
Morsover, the entine system s momitosed, doa
e collecied and siored at 1D-minute imervals
Fauhfindings are sorted soconding 1w
impartance, registened and, where pecessary
action taken by calling up service personnel Gl
satisficl.

Purmerend, the MNetherlamds
Ohotosher 1904




(). Introduction

L1 Learming from expericnoe

e 1o ahe Iigh energy eificiency of cosnbinad
bt nad pavwer stations (CHIPS ) sl approximaely
B, allistrict heating is an igpssmant option o
energy saving policies of kocal and nation]
govemmend worldwide, The Dutch govemmeni
indlaced SEP | Saimernveribende Elekiriieits:
Pl tiebedrifven o Duscl Flectriciey
Crenerontivng Bovrd) 10 announce 3 Warnseplan
20000 § Heat M XUEY, wherehy 1250 MW in
pew ponnections are o be realized before the um
ol thee cerituiry,

Previously contracted heating syssems provide o
wealth of informatson on design. construction amd
manigement as they were implemented. One of
thise is the district beating scheme of the
mamicipalicy of Purmenemnl. This brochure will
firsd pary ablendion 10 its concept, in this case soon
affter its inceprion drastically changed.

Like quite @ few projects stared ap i the Loie
T0's wndd early 805, also Purmerend mitially
ndhopied for too great a sct-up, Once caught up
with reality B prowved possible 1o alier the plans
for am imdirect system: allowang for 125 °C hoi
waber in the trmnsport supply pipelines and 90 °C
in the disiribution grigh, o a direct sysiem with o
supply temperature of 9 °C throughout. This
move had o number of advantages.

Thae preferred fuel-options also changed from
henvy ol to notural gas, which again had it
consequences and advantnges. After sketching
this process full of changes, all components
making up the Purmerend mumicipal hesting
system will be revealad,

2 Dhstrict heating Purmenend:
its hejsinnings

The plans on mumicipal heating date fnom the Ll
T, Then the town of Punmersid was chisen i s
nuchews for growth and the task 1o provide over
TN e llings and subsequent pubdic b klings
io po widh i, With this appoinicd tisk im saght ihe
pown cokineil in 1978 reguesiod KEMA, 4 Dutch
resenrch insaiiite for de use ol power, bo kok imo
the perwsibilithes of district heating and hot waler
supply o the requined scale.

Inaniadly it was ihougha o obiaim heat from the
Hemweg power plam in Anestendam. The
mmicipality of Amstendam, however, regarded
the evemuslny of using the avaalable eat witlsin
its city limits. Purmscrend then considered

winlting: a CHI'S of jis own, 1o be managod by a
newly formed municipal power company, These
prlans wene abworted by PEN (Previnoiud
Elebiriciteinbed e van Noord-Hollared, the
prrovincind electrical power compny of Norgl-
Hellaraf ), being concession holder for all power
generation mnd distribation i the aea. FEN,
however, provied Ba be willing po budld the
required CHPS in the townshiop of Purmerend,

I the mantime KEMA advided positively, as
did third parties who were invited 1o pat the
sidvice o the test, and the town council in
october 980 decided wnanimowsly 10 promote
catrect Beating and 1o make funds availabie for
Al ereation.

Adier dise conswderation of the ways o which 1o
organize the project, the town of Punmencod
created a heating services department led by an
external direcion cum project manager.

The deparment was 1o nan all services as
sdminstmiion, payment eollection and debi
comrel, and an upkeep and mamicnance
divisio.

Within the depariment o separate division wis
caipbliched fo take care of design, engineering
and realisation of the project. The division,
under management of the project manager, was
mianned by exicrmals with the assistance of the
clitel engineer of the depanment. The mimber of
persons engiged never exceaded four in total,

The CHPS was build in co-operation with the
municipaliy by the power compiny PEN, A
provect team consisting of tee heming services
degirtment of the wwn of Purnierend, the
porwer company and SOVEM (8eifeniomd
Agemey for Energy and the Envirinneni]
guided the realisation. Produced heat would be
miacle wvailable at cost w the mumicipality ie.
thi heating services depanmmend

When under govermment ruling of the late 8°s
the power-gencrating companics were resticted
D0 PO ET ZEneralbon, a W PowWer coTipeamy
was formed pnder the name UNA, comprising
of power companies of the provinces of Uirechi
il Mowth- Hoollamd and the o of Amstendam.

03 Present state of huasiness
The mumicipal heating scheme expanded from

its humble beginnings to presently 20,400
housing-equivilents, The primary pipeline, now



transpor bne, covers o length of 32 km, (e
connecibon polms diagram), The disirbuation
grid has a length of 165 km. The distrilwdion
grid is connected to the transpon pipelines by
AT substatjais,

The entire grid may be provided with heat from

any of the following sources:

= CHPS, owned ond operated by LINA,
capacity 65 MWy, and 69 MW, The plan
s ot full copacity or pot &l all;

= mumilary boitler Wnse (ABH) contummg four
shell-tvpe hot-water bodlers, 16 MWy, each,
The ABH will be operated ar peak denvand
whd be pvailable as standby capacity. Within
the ABH there is moom for another two
boilers. Pumps and piping are alresdy in
place;

=~ four mabile boilers housed in contuiners,
pwo gas fired and two light-odl fired, each a
n capacity of 3.5 MWy, These bollers will
be set in to | grodually ) sar-up new

developmenis and in case of emergency:

Moseover available:

— three heat storage tanks at vanoos locatons,
combiied siorage capacity 550 MWh
The transport pipehines have a siomge
capacity of 70 MWh.

Heat generating units and storage tanks may
supply heat o the grig in any combination.
Tos be able i bocst working pressure in the
long-standing townships a (hooster ipumping
station is incorporated in the ranspon
pipelines. Pumps have as yet o be installed.

Cagatal investinend in botler houses, storige
tanks, substations and pipelines, excleding the
CHP plant hivwever, men bo ML 155 mallion,

0.4 Future perspeclive

The municipal heating system of the town of
Purmerend is in po way completed vet, In due
time the system will provide heat and hot water
fir J0OHHD howsing equivalents with an average
conmection value of 100kW and a combined
peak demmnd of 1435 MW, The trunsport
pipelines will be extended 1o 142 km and the
distribution grid o a length of 182 km, This
extension will requine another booster pump
siition.

Mext o the CHPS a second &0 MW ABH will
e sitizted, o allow for down-time of the CHP

plang, together with s fowrh 1,600 m® samge
tank, Some of the boilers i high-rise (i
blocks in ihe long-standbng wownship will be
ke in working order an so-called bivalem
confections, 16 MW will thes be sutomatically
available whenever reguined.

Mgor extensaon will start in 1P with o
compleiely new development consisting of
N lowses and subsequent public and obcs
huildings.

Capital invesiment of the latter is estimated at
NLG 36 mallion, banging tal mvestment to
NLG 191 million.

s i



1. Modifications applied

1.1 From an indirect o a direct syslem

Initaally it s intended 0 heat thee distributim
erid of the Purmenend scheme indirect]y,

Hist woaser would be carriead into substabions af &
termyperate of 125 °C anid & pressune of up o
12 hars, Heat exchangers would reduce the
termperatune b M) “C, os 15 commen for heating,
indd the pressure in the diaribation grnks wenld
be kept af @ raxionum of 4 bar,

Like most district heating schemes, Purmerend
stmriead vl i far oo lepe o sei-up. Froam early
piunl consumpiion-sisiistes snd paihened
experiences elewhere il soon beécane apoaren
st metual beat demund proved b be substantiol-
by lowwer than lund boen estimutsl. Also, the
simultaneny factor (applicable i the nuximum
abermand af any thme ) tumed o 1o be fur diffenem
Trow its scdopion i he early design vages.

Biesiides, the imended WA pemypsertine negime
wirtld, centmindy during the winter perod, result
i A retam tempersune of mimmal 75 °C,

Within these iemiperniure ranges the overall
efficsency of the scheme would be miher Tow.
Fars o all becanse the CHP plont wowld require o
farther coling down (deally the retum
rempersture would not exceed 45 “C), and
secordly becawse mo wse can be made of the
latent heat in the Nuegases of gas-fined boilers.

Fortunate circumstanees prosved the already
imstndled pipes with diameters of G0 and 500 mam
i Large in relatbon o the Tower actual heat
demand. This offerad the opporunity fo operue
the scheme ot o lower lempermbone reginmse with its
sccompanying increased Mow and nude an
imibirect system superfluots.

Adthouizh sin substatbons had alresly boen bailt
anel Fitted with heat exchungers, e switch o o
et system was mmde, The maximom supply
termperutiare in the transpor pipeloes would be
Nl 1o 5 “C af snasemumm cosding devam of
the availuble Mow. In winter best wosild be
supplied of consumer poinits o 90 °C, 0 be
coirbed down by increased encrgy extraction
uniler 500

The irsnspon cupacity of the main pipelines
would thenshy pemain af the desien level,

Increased energy exiraction aml subsegucnl
further cosding dosn of the availalsle Maw
mevessElaied larper converten {radealoes analfior
comvectors |, These were installed in all houses

and builidings afver the inbial connection of the
first LA dwallings fop the sysiem.

The first pwo gas-Tirsd D6 MW babers sere fitted
with Mue g comdensers and the substatpms wene
converted o b different tsk: From trnsfonmimg
slations o nelay stations,

The advantages of the conversions carmied out

e evidenly;
= low tempersture/low pressune pipelines do not
requine government approved testing under
steam codes, nob even for larger diameiers and
inireised pressure, as the operniig
femperature will remain below 110 °C;

~  mtress deskpn, and consequent eypaesiom
provisioms, ane miade easeer

= ot equal heat losses insulation may be
reduced. or equal imaulition will lewd w
redisced hent bosses:

= B ol insudaeng propenses throwgh aging
will devebop slower or be of no conseguence
o all;

— it substations da el megquine heat
exchangers, cireulmion pumgs o expansion
vessels; cominods may be simgslificd;

— pressure rting of boilers may be neduced:

~  trunsport pamgs miay be of kower pressone
rating and light construction;

= stamland heating equipment, vallves ond
comtroks may be wsed m virual all cases,
pressure rating PG will suffice.

Capiial lnyout Tor realived direct connections
provied 1o be significandly lower than for ihe
initial design. This will be clear from the
comparison of cost in fable | inesl page).

The table refers to the following evaluwation:
-~ prices 1992

= 0,000 housing-expuivalems in an area of
i1 k!

— trunspen pipelines within the zres

— nsain souree of hes becated st the edge of the
urea served

- auxiliary botler house located in the centre of
thee area
13,000 one-family houses in subsicized
bullding Blocks

~ <4 00b {las in high-rise buildings, 85 ilats per
connéction

- 1,000 dwelhings ree-sianding and sea-
detached

~ 200 howsang -equivalents in shops, schools
clc.

— o average, 0 hipsing-equivalents per
subsiation

~ high-rise baildings directly conpected to

1



Diesign ond supervision
| Auxilary heat boilers:
barildings
Tnilers
| pumprs and pipes
| Transpor:
transpor lincs
LR PO pumgs
Subsiaticns:
| buildings
| bl eachangers
exprasion boops
contred, pipes, punps
COMMITIICBion
Disaribuiiomn:
pipelines
heat meilers
exira comd heat bodies

Todal per howsing equivalent

Fadsde {, Ehvevickow ol oniids dnalievet
veraid fered by pniiemas in NLG
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transpodt pipelines
= Imifividual domestic hot witer heal
eachanger in all houses

Indirect Direct
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For the firs B houses compensaiion was pasl
1o the pume of NLG TR0 per dwelling in regind
1o farger convertors. Sabsequently no further
paymient wak requined as 3 VS0 regime wis
prescribed,

It mary gererally be concluded et dinect
system reguires 4 13 % lower capical investmens
ithan an michrect systemn. Additionally, beid losses
anil mainbenance costs will be kwer, upkoep and
maintenamee will be simplificd.

1.2 EMects of o divect system on piompng
pwer

Thae chamge (rom an indireot system o oa direc
system reduced the once needeld pumping power
coasiderably. This is (rsaly coused by a higher
efficiency of the pumps, There (s no longer peed
o purnp water through heaf exchangens in
subsitations., Hesides, in o dinect sysiemi the
pressure in the todal heat distribution nepwork,
i luding the consumer connections, will be
peneratind by tramspon pamps. While transpon
pamges. i an irdinect system solely generae
pressune for the ransport network and need
simalber cinculation pumps o provide the reguinsd
pressume in the dsindaten pnd, a darcet system

will make full wse of lurger, mose efficient

iranspor pumgs oaly, This Enprovemsent reduces
he moeed for pumping powoer by 140 o X0 5%

Secomdly @ even higher reduction of pemping
porwer is realized by lowering the sysiems
pressisne i 1.2 har. Booster purmigs in the oo
iistant substations may provide the reguainesd
rettirn pressiane (mom ihe distnbation petwiork.
Finally, hrwering the initial staning peessure at
the bl ool thee sysaemm, from D2 6 7 bar i
comnibinution with the afveememionsd, reslls ina
S0 % meduction of requined panping e

Funther reduction of nequined pumpang pewer
wruy b realieed by ivitalling booser pamps in
special booster pump stations, 17 the resistance in
the fotal piping system must be met by one
pressure poid, o relative igh pumping pressune
i meeded. Inaniling boosier pamps 3 well-
chasen locathons in the transpon pipelines, iniial
puming pressures of piping dimensions may be
lowersd. Ope booster pumgp station already s
injegrated i the tramgport net. Bis use will depend
ot Tiuire expansion,

1.3 Effects of o direct system on regquired heat
supjaly and the piping neiwork

There were two options for the CHPS, 1o be
situtedd in the Purmer-North, The first option was
a convertional ol fired steam power plant with o
capacity of 110 MW, the second diesel power
gemerubors with o otn] capacity of 68 MW,
Bt tie b P swiithy hezavy fuel-oal, ns pan of ithe
fuel diversificatson podicy of the govemment.
Mext o the CHPS, a boiler house 10 8 maximum
copacity of |16 MW would be installed. o be
Fined wth ey o tows, A Turther gossfired two
hsiber hiouses were planned in the distros
Puarmer aml Crors-Maonh with o copacity of

B MWy ench

Im boslad | 0 BOHD b equivalenns woudd be
provided with beat, with o mean conpecting vislse
o 13,22 KW g, and 35 MW in existing apartment
Pugiblings. This makes a toial conmected valise of
191 MWypp. The simuboneily factor would be

BAY 5, These data wete sised 10 compate (he
dimensions of the muxin pipeline. beaning i mind
Pheat 1 pressure diffenemee of 1 bar would e
provided at the substations w comper the
resistanee in heot exchampers and control
cepubpment. Mext was the decision i constnac
the main pipeline in stages, acoonding ts the
development of the comstruction of dwellings,



The main pipeline would exid of the follivwing
sections departing from the CHPS:

papeline ieace TN GO0 1450 m
pripeline ieice N SE06 15T i
pipeline teace [N 450 25 m
pipelone trmce [ 000 1425 m
pipeting trace TN 300 2, KD m

Adeo the lscstion of the mapority of the
substations was decided sell in advanee.

Becmne soon wis concloded thar hear
consumplion would be much lower than
assumed, i 1981 it was decided to concentrale
basth ithe ABHs of Purmeer and Goor-MNortls an
et Boction wilh o capacity growing o just
W MW, The baoiler howse wis pul in
oxpeeradionn ok Ane enel of [9H2 wilh pwo Balers of
I5 MW, with a concession pressure of 16 bar,
A pressare system within the boiler house
provided o constant system pressune of 4 bar,
Liiital the ened of 198K, when the CHPS was sel
in aperadion, this ARH provided all the e
needed for the beating system of Purmereisd,

The nest decision concerned the ot of
pipelines: the muin pipeline would be splis, thus
dimension smaller than [N 3 would suffice.
These dimensions are outside the regulatons of
governmental lesting scoording o steam codes,
which menni o subsianinl reduction in cosis,
Then follwed the decision o boild o direct

heating sysiem.

To check the size of the distribution system the
following cabculations were made:

- In the existing system with indirect supply,
heat demandd (estimated on 15328 MWy, maxh
wittl bl b fully covered by the CHPS with
a capacity of 110 MWy, and a ABH, in the
sarme location, with o capacity of 428 MWy,
Al the initis] mugoing pressure of 12 bar
revpired at the highest possible flow of
745 kgt this requiresd pumping power of
L 127 KW ifigare on page 14

Thee opeion was o CHIFS with a capacity of
BE MWy, text o a ARH of 40 MWy, and
the pwo orizinally planned A BHs efsewhere,
A Monw ool 574 kgpds wasialed sunffice from the
CHPS location with sm sulgoing pressune of
B3 har und o bolal pusiping power of 770 KW,

= [For the new direct system there ore oy
different figures. Feot demand could be

limited pnder all circomstances o 5.5 kW
per housing equivident. A simaltimeity factior
of 65 % would sullice in all cases with 2
mean connecting valse of co, 10 kW,

With 200000 housing-cqiiivalents this iotals
i ain ot demanad of 130 MW,

Frisasill o these Migures plans were changid
The peefemed wmporatane teginss Tor the
transpert system of 95045 aml a systems
peessune of 1.2 bar resulted in a necessary
Morw o 622 ks amd an oulgning pressare il
the CHPS of 5.5 bar which reguired
pumiping power o the one of 33 EW
ifigure on page 150

- The system hagl oo need to be wljusted for
direct heat supply. Calculations wene mide
tn work oul what would happen if the CHPS
wenl unespeciedly van ol service.

I appeared that the ABH in combinaiion
with some bivalent connections (using
existing relatively large boilers in apariment
buildings) should provide & capaciiy of

123 MWy, The oulgoing pressine showild
be 1 2.8 bar and fecded pumping power of
1OAS KW, That was no barrser 1o change 1o
a direct heating system.

The new datn which sounded the decision for a
direct system had onother effect. The lower heat
demand per howsing eguivalent allowed for a
strategic location of maobile boilers and the use
of buffers and bivialent connections. There was
fir meel o bvsdall mere Boilers in the ABH,

1.4 Necessity of heal storage when using
CHIPPS

Leaving thie princaple of diversification of fucl
il wiis possible to choose a steam amd gis
iurbime {5 TAG or combined cycle) CHPA,
That happened late i 1955, This type of
installation has the restriction of full electrical
efficiency only at full power, That gave the
reason b pay @itention fo beat storage, Heat
siorage allows for eptimizing the production of
glectricn] poower aned s continue heat supply
when demand is loow, tgs o for elTicient hei
fiivmdiscthinii,

The planned CHPS hus a capacity of 65 MWy,
This salTices For heat distnbution ooy o codd day
Heead dermand anoinad 1the average day varies
froen At 175 % of tee menn beat demand
The CHPS i regueired to supply @ neasimiwm af
1000 W 5, A sioraee copacity of 30000 m "

iy
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pressure drop transpor lines o substations
feading and return line pressure in bar

12 L

1o

design pressure 19871, indirect system

wauplly s T o points CHIPS lcation

14, 500y power flow
HOUSING EQUIVALENTS MW, hipfs '
connection valoe 191.0

srmulianeiy HOLE: 1424 T4 1681
leedny emperiiure 125%C

FEIRITT lemperatine i

Hean supply:

CHPS (A LLRY

ABH at CHPS location 428

sum CHPS location 1528 745 2683
Residual pressames:

lovwest pesudunl pressure feeding transpaort line
Tuighsest retwrm pressure relurmn ranspot line
smallest pressure difference an aulbstaions HW
wurn of pumping power seoded i subsiations

pressiire pumping power

bar kW
120 1L LZy
120 1.032
EAd
T4
1.0
5



pressure drop transport lines 1o substations
feeding and return line pressure in bar

[-J
P feeding line .
2 | B Y | . P return line _
s e Y
o i i 1 1
CHIPS + storage tank  storage tank in 1own ABH1 + slorage tank ABHE Was
design pressure 1983, direct system
Supply: by CHPS and combined AR
20,0000 power Mow pessre PUMPANE Ower
HOUSING EQUIVALENTS MWy, kgfs m*h har kW
connection valoe 20000
simultaneity G55 13000 X2 L23 = | 327
feeding lemperature 85 °C
retum lemperature 45°C
Heat supply:
CHPS 65,10
storsge tank 1 at CHPS lecution L0
sum of CHPS location 65.10 311 1,120 5.1 156
storage tank 2 located in town 00 0 (i} 4.7 ]
Vennen, bivalent connection £ 0 i 38 0
storage wank 3 at ABHI location 00
ABRHI 63,0
sum AHHI location B30 3N 1,120 335 171
ARHI West L i] il 53 ]
Residual pressores:
Towest resadual pressure feeding ranspon line LN ]
highes! retum pressare eiam rmnspon line .7
sinallest pressure difference in substations HW 1.0
sum of pumping power needed in substations 1]




sipproas dlis. A e sioaage Link wis
cofpsineted.

Further stosajee capacily wis needed o mininnse
the numiber of stans. Production and idling times
of long duration are wisthwhile. The storage
capacity can be simaaled siralegically inihe
distribution network, When the distribution
mistwuek is mol fally vsed, cleckricity bo tramspe
Tzan 1o the storage tanks is ovailoble o relative
lovwey oot At peak demand, when the storage
cagricity s pul g work, only relatively lintle
PAEmpng power i needed,

1.5 Mew decisions in regard 1o system
pressure

I the next phase decisions were made in regard
oy syestemy pressanne. Concluded was that o 5
b flow of 2 s in the maoin ranspor
plpes, the pressune in the last substaton shioubd
b at least 2 bar, Than no funber incresse of
pressure is needed in the disiributson grid.

The reqquined 2 bar pressune is necided for:

— 1.3 hor (o overcome nesistance in Coitnol
equapmient and Nlters in reluyfsubstation;

= (L4 bar 1 overcome friction i the pipes of
the distribution grid:

= [} bar to meet the pressane diop of hot
water units and space heating wnits;

= | ar sysiem pressine.

Tov prevemt a higher pressune than 4 bar it e
aseTs, the system pressure af the substation is
Firmised st 4.3 bar, The pressure in the transport
pipes may be higher, Thas pressise i partly
rechuced by narrow branch pipes o the
stbsstations, pandy by theottle valves. The highest
retum pressune is determined by the fiction of
the returm trnspon pipes, 'Withowt the e of
pecurm pamps s pressure drop ol 3 bar ks jost
abiwii seceptahle. In practice ihe pressise
depends entirely on the water level in the storsge
tanks

P L ———————



pressura drop transport lines 10 substations
feeding and retum ling pressura in bar

8 L
B L
4 L L
F feeding line -
-k . o r
2 L J'_..—d..—\__\-\
e L e I - Qe —
P rsturn lina
a | i | i §

CHPS « slorage fank storage tank in town ABH1 + storage tank

dasign prassuns 1983, direct system

Rupply: by CHPS, ABHI, bivalent connections, sctive hscal pumps

200,000 poswer Mosw ressure
HOUSING EQUIVALENTS MW, kg m'fh bar
connection valoe 200014

simultaneity BT 1300 623 2,130 15
feeding tompensure 95"

retum femperature 45 °C

Heat supply:

CHIPS 5.4

storage tunk | at CHPS location a0

sum of CHIPS location 5.0 in 1,130 335
stormpe fank 2 located in town L} i L 3z
Vennen, bivalent connection yes 15 17 il i3
siorage tonk 3 st ABHI location {00

ABHI 579

sium ARH | location 5749 217 LERg 37
ABH2 West fri 0 i s
Hesidual presures:

bowest pesidinal pressure fecding transport line 5
higlsest returm pressire feturn iranspor line i3

==
o
=1}

smallest pressure difference in subsiotions HW
surm of pumiping power needed in substations

pumping power
kW
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2. The main heat source

3

2.1 Selection procedure

Al the selection of the maimn heat source [our
options were considersd, KEMA mitially
pebvised the application of an ol -fired
extruction/back-pressure steam turbine plant.
The resubting cost of heat from such a plam
proved io be mwdesirnble.

Nead, the possibilitbes of & mixed fuel pland
wiere consldered. This plant would operute
diesel engines running on nofural gos andfor
heavy fuel oil, The plant could hove been baikd
in stages, following the dévelopmen of the
heating project. Although this solution was the
economically most desirable, it was not
achicvable because the ol companies predicted
that kn Mitiire only imporied fuel ofl with a high
sailphior content would be available. This was
conpecied with the application of Mexi-cookers
at the refineries in the Netherlands.

Purmerend resemnched the introduction of fining
refuse derived Fuel (RDF) offened in pellets by
leova of Amsterdam. Adoption of this lel,
mainly consisting of wissd particles and
chlorinated paper, seemed well feasible ina
combination of Muidieed bed combustion and wet
scriabhing of Mucgases. A permil was obtained to
run @ [OMW pilol pla which would produce
ol &t @ ot of less than NLG S, - per G

In the meantime the prnciphe of Tucl
diversafication in district heating had been
abandoned. This freed the way (o opply 8 gas-
fired CHIPS based upon o gis-mrbine- Moegas-
boiler-speami-turhine configursion. The cost of
hizat produced, at the then applicable rages of
conmpedation, was coleulated ot approximately
NLG 10~ per G,

Concamrently SEP decided o clange the
compensation system, This reaulted in
significantly lower, acoeptuble cost of hea. By
the end of 1986 i was definitely decaded (o
change over 1o the construction of a steam ansd
gas turhine CHPS.

D b the pressure of time, PEN decided, in
compunction with the mumacipality, 10 copy the
copcepd of the CHPS of the district heating
system of Almere, whene at the time Brown
Boveri Company {now ABB) had a plani under
copsimsciion. Early 1987 the order (or
Purmerend wis placed. The pland luad o be
completed, on urmkey basis, by the end of
1988, Capatal investment, including the heat

transler pamps, mn o the amount of NLG 105
milion.

Dhuring the construction period the plunt was
handed over by PEM 1o UNA under government
induced reorganizsation and separation of power
generaton and power disiribution., “This nol
only put the "ot cost™ armungement under
pressuare bat also led divectly 1o an increase in
running cost of the plant. PEN used to be o
fully inegrmted generating and distributing
company which could make optimal wse of
peak shuving and which could supply elecinciiy
For starting up and desd-time needs of cost,

UNA, as o solely penerating coimpany, miist
supply 1o the national grid a1 fuel cost plus a
contribution tnward capital- and runsing
cuperses decidad by SEP and, wihen momoed,
st pay thee local distribution company PEN for
electricity taken out of the grid of users price.

2.2 The CHP station

The CHPS, capacity 65 MW and 68 MW,

incorpartes:

— @ pa turbime wilh s fuel-, air- and @xhasist
sysbenis

— an exnhaust bodler with its sieam-,
cotmlensate- aml foed-cirouits

= @ steam turbine with condensers and cooling
system amd an gusilery conling system

= @ generator diresctly conmected o as well the
gas turhdne as 1o the sieam-turbine by mears
of o pearbox and an overniding chitch,

A Mivw circnt diggram is reprodiecsd on page 19,

The pas-inrhane consists of & compessor{ 1L, 4
circnferentind combustion chanber and a power
pierbine | 21, Compwessor anl pewer turbine ane
moued on & conmmesn shafl, b e compressor |
intake mir is compressed and led 1o the combiis-

i chamsber. There thee comgwessed wr s mixed

with fusel and subsequently ignited, whensupon
combasion lakes place under [vourable

conditions oo minimise NOy prodection.

The heited gases are led 1o the power wirbine
12} where the goses expand, trmnsfeming s
enerEy o the turbine shaft, which shafl is
geared to the dual-driven generator (G}, The
expanded guses ane led (o 0 two-siage exhausi
baoiler (31

The it gases from the gas-urbine pass
succesaively a high-pressune saper-heater (4),
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Tkl 20 BN drmay oof aaidrne T hevating
i Hinee il ervif dilusifioi

the HP-evoporator (5), the low-pressoge super-
heeiteer (61, the HP-eoonoamizer 2l stuge (81,
the LP-evaporator (7). the HP-econosmizer 131
sage (9 and the LPecopomizen 105, Heat 15
transferred o the waterfsenm forced circulaiion
circiit, genierating superheaied steam.

The =il moderately hot exhoust gases leaving
the LP-sconomiser are led through an exhaus
affer-coeder | 11§ where still useable energy is
iransfemad to the mumicipal heating system by
mezans of a heot exchanger { 18).

Finully, spensd exhoust gases are camied ofl
ithesiigh the smokeusck 1o the stmesphere.

Steam generated in the exhaia-badler is led 1o a
two-stage steam turbane (121 Within the
turbine, superheated steam expands o low
pressare ssurabed deam, transleming enery o
ihe turbine shaft geared o ithe dual-driven
generatior i 14) by means of an overmding chach
i 13, Satwrnded stesm from the two stages of the
turhine is comdensed in two condensers (15-16),
both conled by heating system woter or by the
ausiliory cooling system consisting of mdutors
(17T equipped with ventilators. The lagter only
in case power must be generated i feed the
national gprid and no heat con be oransfiemed 2o
the beating system. The condensate is degasified
and retibmed o the bodler feed sysieni.

Thable 2, helow, shows some typical situutions
of heuting system operation, The situatisns
muarked 1 and 3 show wintry condinons with
substantial difference in netum lemperaunes
irespectively 55 en 43 5T, Situation 2 shows
sutnimer comdilions.

Flow diagrams and energy balances in relation
1o the contents of ble 2 are reproduced in
diagrams on pages 18, 19 gnd 20, Obviowsly
these conditions are illustrative only and at all
fimes the optimal situption will be adhered 1o,

It appenrs thit ot normal oulside lemperaures
the overall eliciency of the gas narbane handly
varies, Only ot extremely high outside
temperatures is the overall efficiency as well as
the power outpal substantially reduced. The
elficiency of the steam tarbine depenids o a
prent extend on the incoming, and, even more
=4, meguired outgoing waler lemperatures of the
condénsers. In tahbe 2 nomed “cooling waler™.

When the entrunce emperiture of the “cooling
waler” lies ot approximately 45 *C and the exit
femperature o approximately 35 °C, the optimal
efficiency is obinined as well conceming power
peneration e heat production, At high oatpu
temperatures both sag, In extreme cases the
Muegas cooler may no longer be conmtrbuting,

ihus wasting available head,
| Standard figures case | cuse 2 case 3
[pege 200 {page 215 {page 22}
oulsicde temperalure RN 250°C ) SO
i energy comien bumed notural gas 1557 MW 4] MW 1515 MW
| developed power gas turbvine SLE MW 439 MW 49.3 MW
efficiency gus turbine 6% 4% 231y
stenm lemperatune HP 4050 4720 dTI0C
i redurn temperature congdensate e T BR6C B e
| developed power sienm iurhine 12 MW 18.7 MW 214 MW
| power sl generutor comluctos HUT MW 6.4 MW R
net electncal efficiency 4.7 % 438 % 457 %
E feeding femperature distrct heating S50+ 650 °C 450 °C
| wolume distrect heating water 3860 kgfs 0.0 kpls Al kgfs
outgoing temperatune L condensor Ty “C s#5.0°C 628 °C
| transfened o cooling ligubd 354 MW Jo.5 AW 258 MW
| oulgoing tempersture HP condensor Q05 "C us5"C L R
! irpnsferesd o conling lguid T2 MW 19,3 MW 2E.A MW
et ioui of chimmey Mue 2 MW 0 MW T4 MW
anlgusing emperatune district heating Q5.0"C 055 °C 5.0
ostally iransfered to conling liguid 1.5 MW 53 MW il 5 MW
| nel thermial efficiency 414 % 40,2 % 42.6 %
Total elficiency 6.1 % 5.0 % LLE R




2.3 Heat transfer point

The transfer point of heat between the CHPS
and the heating system (diagram page 257 is a
heat storuge tenk siusted next to the statisn
Wirally any amount of heat moy be iransferned
o ihis tank, independent of demand in the
heating system, This menns that the CTHPS may
start wp, sop and operate separale from the
hedtmy sysiem,

The tramsfer of heat from the CHPS 1o the
heating system takes place in the condensers of
the steam turbine and in a water/water heat
exchanger taking heat from the Muegases.

The heat exchanger is fitbed in a closed cireuil
meorporating a fMuegos cooler siuated in the
smokesioek,

By means of vanabde speed cuculoiiwon pumps
the, in effect, heated cooling waler froan the
CHPS is delivered io the fop of ihe beat storage
tank {page 265, Al the same time cold water i
druwn from the bottom of the fank.

I e bk e s abrwn fnosm the top ol the
sorage tank by vanuble speed iranspon pumps o
I e it the underground heating system. Afer
being cooded down by transterming heal 1o users,
thie wiaiber Mlows back 1o he Bottoan of the ank.

The system functions properly within a
temperature band of J0-65 "C dretum Dow ) b
BO-98 “C {supply Mow il At & retiarm Mo
temperature above 55 °C the oulet 1emperaiune
of the HP-condenser neaches g level whereby
only a limited quantity of cooling water can be
hewted Turher (o o maxinem of 98 'C

Within the Band of 40680 10 35095 °C the power
genering efficiency only varies from 45,9 (o
4.7 %,

The heating system, i thas the cooling syatem
off the CHIPS, is using demineral e consbitioned
swnger, Muking-up water for both the walerfsicim
circui ol the CTHPS amid ihe heating system is
drown From i storage Wk supplied wath
cordithmed water treated b the CHPS.

2.4 Operation

The CHPS operation follows demand for beat.
This means that demand For beat stipalates ow
and when the CHPS will be runming. In winter
the station will be in operoiion 24 lowrs per
duy, nf piber times less. I the summer season
... viriually all heat inken up by the sysiem

willl only be used 1o feed the demand For
domestic hot water, Duning this season beat
storage capacity will b filled to the brim,
whereafter the CHPS will be stoppesl.

Oy when pent-up demand warrms a
reasonable running time the CHIFS will be
stpried, Dumng the summer season the running
patiem is approsimately 12 hours running s
cupacity, followed by 36 hours spnadsal], The
preferable running hours outside the winter
senson lie between 7 AM and 1] PM folbswing
the peak rate for electmcity generated,

Because the overall efficiency of the CHPS
depends largely on the supply and relum
iemperatures of the heaimg syaem. as low as
possible temnperabures will be adheped o,
However, an uniniermpled domestic hot water
supply reguines a minbmam supply iempe raiune
of T °C o the heating sysiem,

The reiwrn lempersiure depends oo large
extend on sctusl usage, evien at Himes of low
dempnd when circulation is solely created by
heat bosses in the system.

In case relum iempersiores exoeed 43 °C the
returm flow is ked dwough the mealiony cooling
systern bo obtain the most effective lower
bernperntune. This will mean less than full
recuperntion of het svailnble but will
pevertheless kead o optimal economic conditions
hecause power peneration will remain at its full
capacity af mavimum efficiency

Dhiring the cobiler seasans the retum
temperutune is o problem because all
conmections ang fithed ol with Large capacity
madiators whenebhy mium lemperatunes coatrols
wre effective,

The intmslsction of sirmteghcally sinmied heal
slowmpe ks cnabdes locul supply of heal ot peak
demmand, Thereby illwang limited pipe
ithameters. Low resistance in piping wiade i
promssibile do comsiamie hess thin 2 LWh per G0 solsl,

L5 Development in operating praclice

Ui hasis of experience gnaned, it was concloded
thit as well the returm semperature (45 °C) as
the supply temperptuse (85 ") conld be
loweresd. This resulied in better performance
and lowver costs,

This expenence offers sufficient swope for new
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heating systems in new o be developed
building plans, if and when optimal heot
prowduction is made part and parcel of
development From the very beginning.

Reseorch s cormied out to induce Jarger
bisildings, Hke offices and schoils, fo introghice
Mt heening fed by the neturm From other users,
Return teimperatires could then be lowered
even fumber, i benelit o sill bener efficiency
ol the entire systen,

2.6 The cost of heut

The CHPS is operated on bohall of the musmici-
padity oof Purmerend, All copital- and operating
cumts crgsbited with all compensation necesveil
foam SEP for Teel, unning consts, upkeep and

mueitcnance, wnd copeial costs are balled by LINA,

Capital oosts, redoced by a NLG 20 aullion
casiitribaion by SEP, are lower than the
correspading compensation, Costs of rumming
thee station, upkeep aml puantenance ane higlser
ey tesuall Foar @ full-size poswer station and the
comrespemnching compensution, Fuel costis ane
cosmpersaled on the hasis of o 44 % elliciency
i prwer generation agalnsd o feel mix. The
wiwst of the fuel mis is high during peak boars,
wirnmlly the price of natural gas, low dureag of T
hiours when the mis incluodes coal Hinag. Laer
i time the ks will inchude the cost of msclear
fuel which will have a derrimenial effect. Extra
worsty during staris are nol compertsaled, nor e
reduced number of hours between major service
sdops apid v erhanls coused by starting and
stopping. In tolal the cost of beat avernges
NLG 150 per G of which the extrn fuel
demiand averages bess than NLG 1- per G,

Thee comt of heat 15 elabormed with an cxample in
the next poragraph, The ligune on page 2 shows
the relubon between elecirical power prosductson,
usable heat. wiste wnd the cost of heal.

1.7 The STAG combined heal and power
plant.

ASTAG, STeam Amd Gas turbine, combined leat
el povvisr penerating plam meand (o servie s
distract heating system oould very well be used
by, i i co-operatin with, & nitkansl or regrmnal
power generating authority. A CHIS may be
repanded as stand-by copacity, manied
throughout he vear ug only functioning when

revpuared. The electne power produced by the
CHPS showlel be peinibursed af a price sl o
the oot of power that could be generated
elsewhere, Usually these power planis elsewhere
are mch larger in capacity, with resulting lower
investment and runming costs per kW,

Existing power planis usually gencraie o lower
effictency than modern 5TAG plarids.

On page MM & comparison s miklks for vanom
situations in which reimbursement may take
place, all bosed upsm the costs of G 150 BW
power plant and a low lemperature heating
swtEm o comntanation with slormge Bunkisi ansd

conling capuacity.

The Batier foe B wised whem the power authonity
reqiscsts full power and depand For heat is low,
Alsi, when choosing for continuogs running of
the CHIPS, inofe beat imay be prodiced tean
requined wherehy the surplis has 1o be cooled
awiy. Power plands not coniected 1o s heating
systeim oonl away all gemersiled heat all the tine,

I siveree cises o subsialy towurd a combined
he=nt amd pevwier plant will distort the situation as
can be read fonm tse Giest column.

The second colimn gives the cotfprce of heat
undisr the same conditioms withiot @ subsidy,

The third column simulates the stuation
wherein reimbursement tkes ploce on the basis
of the besw genersting plant of the power
mrthonity, pencraling electric power i 55 %
effickency. In combination with a nod foo
miadem CHIPS the oosd of heat will then gooup,

The fourth column simalates the case whenehy
a better CHIPS is sebected amd the heat pnce will
coine down agdn,

The filth cobuma simulates the siuation
wherehy the CHPS is the most up o date
possible and reimbursement takes place upon
thee bhasis of the similar best plant withian the
power generafing park of the electriciiy board.

The sinth colininn shovws the case, nol unisaal,
wherehy upgrading of o CHPS, by applying the
latesd stsde of the & techmlogues & lame of & major
overtuaul. This mesults in moee genering power
anl shows the sciual oosd of investment of o new,
sliphtly moee powerful, plant. Also, the
masiman of possible neming bowrs wis pat in,
wiith tinee off o service in sunmier fme.

da
ol
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Much depends upon whether the nght size of
CHP plant has been selected, When o aale of
the ot CHF plant is wsed, higher efficiency will
generle more power 0 produce the same
gpanriaty of heat,

The first graph on page 29 shows the options of
bt and power production. A CHES with cooling
capaciy may give out limited quantiies of hea
when producing power o full load. As the
resubing costs of heat depend apon fived fuctons,
Temised quantitics will come a1 a bigher price
The lowest possible cost of heat is at full boad of
baoth power generation and hea supply.

When more heat is required than the CHPS
coudd noemally deliver, or when higher system
tlemperatures automatically reduce the power
genersling capacity, more hem may be prodiced
al reduced power gencrating efficsency. The cost
of heat, taking the redoced reimbursement of
perwer in consideration, will be higher,

Often, power is generated from various types of
Tuel, It could be diseussed tha only the cost of
amix of the vanous types of fue] should be
reimibursed. Deher Muel than nutural gas will
wsially mean lwer penerading efficicney,
herwever.
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Demand for heat can be almost fully met by o
CHIPS selected for the purpose a8 i shanwn in
the womnd graph, The actual cost of heat wall
be determined by the options the CHPS offers.
In vome situations the cost of heat from s CHPS
iy coine close to the cost of heat that could be
obtaned otherwise, The yellmw supply solids
show Teat demand covered by the CHIPS.

Thie ned demand sclids show hea desmund it
covered by a CHPS,

Although the semal year-round cost of fes
from o CHPS will abways be lower than ihe cost
of straight oun firing natural gas, optimisation
may be called for. The optiman lies in o proper
sdjustment of demand and generaling capaciiy.
Much may be gained by optimisation of heat
storage capacily amd intermitieni operation,

I the case whene distribution is separate from
major poswer gencration amd the distnibution
cumpany pays a premium for power delivened
during peak hours, it could be advantageous 10
have o CHPS owned amd mum by the disiribution
company. Power fed info the nations] grid
should still be reimbmrsed at standard
generaling costs of major power plams.
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3. The hydraulic circuit

A1 lavroduction

As exploined, the distnct henfing system is Ted
by a CHPS. The maximum supydly lempersiun
i wet @ 95 0, the reguined retum femperatiine
i el 50 °C., This regime allws o divect
operition, where heating system witer (lows
straighi through the heating elemems for
hesiting aned domestic ot sater supply,

The location of the CHIPS was decided on town
planming merits and positioned at the vutside of
the anea served. The ARH s situated in the
middbe of the wrew, which is an advanage for
suppdving sdulitiopnl hesd, bl o disclvaniage
for head supply in case of' a beeak-down of the
CHPS. Conseguent]y, Turther ABH capacity,
required when extending the syatem, will be
Tocared nest o the CHPS, In regard b heat
storape tanky, locations were chowen which
Facilitated operations, e.g. at the location of the
CHPS pnad ihe ABH and gencoally within aneas
few e wiprved,

The abose menbissed atiribswies ane imprm
fior thee design of a hydmulie cirewil.
Informnmtion is furthermare pecaled on ttal beat
ibernnngd and its development n me. Pipes of
larger dirsensions may be incorporaled in the
heat sosage capacity of the heating system,

1.2 Estoblishing masimmmm Mow

Fowr several vears variatsons in Mow and
circumstnnces conmected with these varations
were cunefully negistered [graphs poge 31, 32 amd
333, In appeared that never mwre chamn 2.3 KW heat
et housing éuuivalent was requined. The perisds
dburing which this moximum is required depend
o wiinid aned wenther comelibions, Peak capacity is
nert only megquined m winier, bot also for shoser
preruids o timee bnospring and Call when oinside
temperatunes are bebow 5 50 anid wind velooity
abive 4 mis, Actually, whether comlitions only
lengthen or shorten the periods iver which

5.5 KWHE is required,

Conpection value is theoretically determined by
the masirmiem heat dermand per connection
fapartment block, one Family houwses, utiliy
brildiniges a5 schoals, offices ete.). The actual
wilue i then corrected by @king o
consideration only the shell and an inside
temperaune of 18 *C. This resalts m a mean
conmecting value of 10 KW per housing
eguivalent. The highest mean demuand is

5.5 KWHE, son semmbianeity Tocior of 55 % may
e st i calculatbons. Becanse boot is olso wasd
to supply dimmusstic hot water, calowlatsns for
pipe sizing sne based on o simulioneity Tocior of
£i5 % when foniher away From supply sowoes.
The heating system will eventually serve 30,000
howrsing equivalents, The masimam heat demand
swill not excead 163 MW, The st temperature
regime then denvands a Now of approsimately
2200 o' Innormial situateons the CHPS and
btk sbirage tanks supply nusemam hei
demand, The Mow from the CHPS locataon,

bt bl the Plow’ From the storage tapk wall not
excoed 1850 mYh, the other two buffers will
el supply 350 m "M, 1 the CHPS 15 ot of
acison, the Mow foom ABH I, including ihe
surage ik will also be | 850 m'h

The graph on page 29 whows operations hased
o given valoes, The blue line shows (e mean
heat demand per doy For 20,4800 HE (in MWh
per dav i, the yellow hars ihe beat prosuction of
the CHIPS in MWh,

In e Iesting scnsomn, December, Janupry and
Febriary, the CHPS muns continuously, This
PrEsenis UNNecessary, Cnergy consuming, sans
I beat supply excoeds demand, the surplus sall
be cooled down by the suxilinry cooler (17 on
page 211,

The graphs on pages 31-32 clearly show
Tomary Pebmary as the theorelically coldest
period, Eventually heat densand will be more
thin the CHIPS can provide, the ABH I will then
supply the remaimaler, The siomage anks will al

all times b prepaned,

Chutsice the hearing season the CHPPS s operaed
imtermittently ar full capacity, Surplus heat s
stoned im heat storape lanks (o postpone e nese
start o long as possible. The ABH assisis if
dhermand camnot be met i comefully planned sen
il stop periods. This happens only in case
weather conditions Tall foul of forecass

Changes in the level of storage are shonwn in
Bluck Muetwating lines. The kevel of stomge
Nuctuates little in winter, masch more in
summer, In sununer there is littke heat demond
ienad thus the CHPS §s staned infregquently,

The CHPS then runs every second or thind day,

3.3 Design of pipelines

Velocity of Mow is Bmited. Too high o Mow
may indisce wear pnd destruction of magnetie



1,000 m, MiWih

of which 35% =

namber of degree dayvs

ican consumplion space heatmg
meun consarmption hot waler

hasic load hot water/pipeline bivses
siem of heat demand

heat loss: 0.3 KW/HE

toial of heat lobe produced

heit production CHIPS

manming hours 64,4 MW, effective

heal prodisction ABH

SIOMAET CPacily

20,400 housing equivalents

heat production and storage
B0
oL
a0 |
30 L
20
1] ittty i il .
; " ™

<an Fab Bar Ape hLay Jumde  Juby Ay Sep Ot
CHPS ABH
— N darnand per day — storage kvel hot waler

connected 1o district heating H4060 HE

173400 homses
320 per yiar
250 GlyearHE
6.0 Glivearfhouse
G4 MWy
675,240 Ciliyear
193,000 (il venr
RHR 2 Calivienr
Rl 9064 G
1741 h
180T (Gl

13,500 m’

78 %
2 %
100 %

I8 starts

B0 MW, max

0n: %

k1 aa |



1,000 m®, KW

=
T

27,500 housing equivalents
heal production and slorage

| f""-u it

Il

L

Jan Fab Mar
CHPFS

. meean demnnd per day

conmecied o distmcd heating

o which 85% =

mimber of degree days

mean consumpion space heating
mean consumption had water
hasic load hot water'pipeling lossces
sum ol et demamd

heat loss; 003 KWHE

tintnd of heal o be produeced

heal production CHPS

runming hevwrs G684 MWy, effective
heat production ARH

SOrAgE capaciny

Apr May

Juna July Aug

ABH

— storage level hot waler

27500
21375

200

0,250
260,172
1,170,422
1.133.132
4, B

IR 082

XL L]

HE

Tminieses

per e
GiliyearmHE
Gilfyvearfhouse
MWy,
Gillfyear
Gillyear

Gl fyear

L

h

Gl

m'

Sep  Oct

Nov  Dec ‘

1) %

219 stors
65.0 MWy, max
13 %

da O



Figare 14
et afemmad surves 200000 el
2700 e egurelomdi

heat demand curve mean MWhy,/day
district heating Purmerend

15000
1,000
500|
i ] i i | i i ] L 1 | | 1 1R | =
0 30 B0 ©0 120 150 180 210 240 270 300 330 380
days per year
27,500 HE 20,400 HE

liming on pipe walls. For the design of iranspaon
pipelines. ihe maximum rate of Mow {velocily
it ot 2 md's and or even ot 1.5 mds if sound
levels pre disturhing. Al the design of
distribution grids the rate of water flow is
Taminedd v 1 mufs

For calculation parposes it is supposed that the
iranspmart g is Tl by the CHPS and storage
tnks, Inocase of emergeney and maximam
demand the rate of Mow in the trunspon
pipelines may temporanily be exceeded.

34 Friction losses and plpeling sizing of
transport pipelines

T arrive at maximum pressure drogs, the
following should be reckoned with. The storage
tanks have 4 height of 14 m. By connecting
thsese buffers direcily o the retum irans porn
pipelines, the minimum system pressune will
thies be 1.4 bar, In distribotion grids, afier
substations, a pressure difference of
approximaely 4 bar is offered, with a

maix i of 10,7 bar. The maximum pressure in
the distribution grids is se0 o1 4 bar. Thus the
miniriaE retum pressare wall be 3.3 bae, The

pressure doop in the netum pipelines cannot
exceed 3.3 minus 14 = 1.9 bar.

The supply pipelines have 1o offer the
subsstistions a pressure of ut least 4 bar.

Add 0.3 bar pressure drop 1o overcome
reststince in filters and conthol sgaiproe.
The sum s 4.3 bar. Pressane doop in supply
pipelines is 5ot equal b that in rewm pipelines.
The startiaeg pressure uf the point of delivery
thais drrives at 4.3 plus 1.9 = 6.2 bar.

Tor determine dimensions of pipes sl pressune

drops a computer progrim 15 used that takes the

Following dits bn consideration:
— demund in KW per substalion;

— supply poims, formualsied as negative
CONSUMers;

= simuiltoneity factor,

- bength of pipeline between selected nodes;

~ W Waler lenperaiu;

= Factor o albow For curves, bends, branches
anid valves:

= standard pipe dimensions;

— highest allowable Mow spesid:

— pipe wall resistance;

= highest permussable pressune drogs

= sdafting pressufeds),

it
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The compaier program detenmines on the hasis of
pherwe duin the stee of pipe dismeters. I s possible
by et 1he siae of cortain prpes amd hove the
prograen caloulage the remaiming pipe iismceers.,
The program output is a print-oun with the
remnaning pressuare in all nodes with Mow,
presaure dirop amd velacity between nodes 6
cheeckpssinls, The comgmiter program also prnts
calaulated pipe kengths of given diamiciers which
nay be usead 1o eompane optaons. Head losses may
b compaiied by inseming the nocessury data,

LE Pipeline-sizing of distribution pipclines

In the last paragraph the premises were given
for the pressures in the system. The deduction
1% that the ouigoing pressure ufier the
substations may vary from 4 to 1.7 har

For lower apariment blocks a higher syswem
pressure und soconding refum pressong is
prssihle.

By fesding the oulgoing pressure to the
COmpUier program, it is possible 1o coloulate the
applicability of all the pipe sizes and check the
satisfaction of all parameters, The calculations
are limitesd to one pipeling. The pressune losses
are edqual in sopply and retun, The difference in
the mean temperature shows just slight
devintisns. Further the program calbeubiates ihe
MECERSAry MEMRRg capacity to conguer the
resistance of the pipeline,

To limit the costs of subsiations i relaion o
the dastribution fets, it s useful 1o maximioe

the conmeciions per substation. Especially when
more than one outgoing pipeline per subsision
i% possible, optimization culs cosis,
Optimization is possible by incorporting the
conts o the sabsiation in the distnbution met,
Comparing all the costs of different solutbons
helps to find the optimum number of
connections per substation,

Before the transpon pet can be designed it is
amipssrtant b0 know ol the substations. |n the
seitiing of Purmercnd it wis tred e 3o si, real
developments show deviations of the inital
plans.

FFor the distributsion nets it i satisfying to
cabcolate the maximuom Now peeded 1o sepply
the heal for space henting, Only of the end of a
papelime it makes sense (o pdd the hot water
supply. In these situations one full conpection
per et houses wis added after the List branch,

6 The appilicathon of boosier pomps

In the dastrnect heating network in Parmerend
booster pumps ane incorporated halfway the
heal source anid the last conswmer. This allows
for i reduction of the pressune Tor the toal MNow
beciise the booster pumps halfway rabse the
pressure o the desired level, The capaciiy of
the booster pumps may be caloulated with the
parnmicters of the pecessany inenease of pressune
anl the Mhow in the eriginating ke,

Benl i an explanation of ihe las siaiement,
Presappose a Mow of 2080 Kpfs from the heat
source, The mgoing pressure of 1,2 bar is
upgraded 1o on outgoing pressore of & bar
which resulis, without booster pumips, in 4 rest
value of 3 bar, The needed pumping power is
approximaiely 1223 kKW,

I expual papelines with the use of boosier
pumps the oulgoing pressure from the hest
source may be limited 1o 4.5 bar. This suffices
fior & rest value of 3 bar for supply on the way
befone the: booster punips, Half the flow is
consumed on the way and the booster pumps
only have to upgrade only half the onginal fow
from 3 to 4.5 bar. This equals the pressure drop
halfway, The needed pumping power in this
case is ol the heat source ca. 85 kW, ot the
bewmter pamps ca 20 kKW, whal sums up o a
todal of 105 KW,

In alimost all cases sufficient starting pressure
may be generated 1o have some rest pressure in
the substations. The retum pressune after the
substion may be too low W conguer the
resistance of the pipeline. In that case boosier
pikmigs lave o be incorporatod o the returming
pipeline.

A dedicated computer program infomms abou)
the necessity of botster pumps with a cenain
supply pressure and what power is negded,

11 uses the calculations for the resistince of
pipelines and the given pressunes of fhe
connection I is possible io fully opiimize the
pumping capacity.



4. Heat storage

4.1 Location of heot storage tanks

Stornge tinks will prefershly be bocted in sach
i way that s pemps may be sed us well as
prmping stations to Q1 and empy the tank m
bisoaster puimfs stuthins W serve the surmuanding
area. The latter is & matter of providing the
COFTECh CAIEDEAE PRcssne.

Thiz elfeit of st wmks b s et when
tlse fanks e lscated near a propomiomi shane
o the hetnt dhemuand. Geopruphic limatatsns by
fvvn plamming or ather ohafacles may be
comrected by adjusting the outgoing presure,

2 Siging of storage tanks

The capacity and use of a CHPS has great
inflscnce v the requiresd storage capacly
Typically, storage capacily depemds on the cost
of starting wnsl stopping, including the resuling
iipkeep mnd maimlenance, versus the cost of
slempge tanks amd supporing installations, Also
of infuence could be a desined ruming patiern.
Bt b case of Purmerend froon 7 AM w11 PM
an any nme b the winter months of December,
January wil February, when conlinuogs
aperation 1s permitted and miost economic.

I smmeertime & heat production capacity of
65 MW of the CHPS i o beat demand of

12 MW for heot fosses i the tramspon- amd
distrabutbon pipelines and provision of domesti
bt wier, would be amply covenad by a storage
copacity of P30 MW, (25000 m' ) and twao daily
runs of 225 bowrs, The follewing calculation
sheds light on other considerations.

Staring the STAG CHPS mkes as much as

H50 m" of natoral gas, 12 m* demineralized
winber amal the equivalent of 30 howrs runming in
upkeep and maintenance costs, o tolal value of
wpproyimately MG 4 5080,

The eosd of a storage lank is approsimately
NLG 300 per m!, Operating, upkesp and
maintenance and capital costs iotnl chse 1o
MLG 300 o year.

Skipping oie sarnt every other day during the
supumier period pays for 8 storage copaciey of
4,500 x W/ 300= [ 3,500 m", Initially three
storzge tanks with a leisl storge capasity of

§2 000 et were bl These tnks allivw Tor
even a wo-day stopover i weather permirs, In
winber only one storage tank woubid saffice.
Huwever. it is just in wintertime that economy
of flow can b abtained by Glling the 1anks sath

oot washer duming the might, 0 be cmptied when
demeand is hugh and required pressunes sould be
very contly fo mipintain. Otherwise the system
wiondid be Fed dhirectly from the CHPS only, Pump
savings could he as high as NLG 1 M0,000
annually, When it becurne clear that the system
winihd eventually feed 30000 connections, it wiis
decided b built vet another storage tnk. A sl
atioiige capacity of 16000 m* will sllow o
sHPNITRET Funnkig poltem of & stai every third day,

T Doscation of the slorage tanks has e
influence on the price. De-centrally positioned
bullers demnand desficated pumging focilines
anl control expugment. The costs of a paimping
stution s caloulsed s NLG POOANED per
stiorapge Lank amd is incluled in the overall cost
of WILG 300m". By locating two siomge tanks
al e CHPS the evst can be limined by sharing
pumiping copacity, When stornge cipacity is
sl in demand, during the summer perasd, the
becalion of storage tnks is el anpssrant,
frisctiom losses an pipelines will be negligible,

4.3 Power required Tor punping

Pumpy capaciny wiss decided upon winer
comteditions, A1 peak demand o fow of G0 mYh
coild b reuuared g masimuem supply system
pressure., Two WKW pumps suffice,

Supply of the storage tanks comes from the
supply transport pipelines under pressure
during ofl-peak howrs, When loading with bt
wider, the equivalent quantity of low
pemperabure water hus e be wnlded pothe
redurn transport ppelines by pumgang at retum
EYSIETTN [HESSIE,

When delivering hot water 1o the supply
pipelines, the retumm aall Mow freely o the
sl tanks.

Power consumption of storage tinks | kess than
(1.5 KWHG supplicil.

L



5. Controlling CHPS, buffers and ABH

S0 Indroduction

The hart of the district heating system is the
CHPS ansd the adjacent storage tank which
fanctions as an interface 1o the disirict heatiig
system (5o seheme al page 25, aml figune on
page 26k Just hike ihe other storaee wnks. the
sorage nnk st o the CHPS is un by DSY
(et Scdinemaaermiag, DNsmer Neaning
Diepwrrrent | Purmerend, The CHP operites
imdfependent of domge capaciiy.

DSY submits the following signals (o the

CHPS:
Opewfclosed-signal of the valves in the
suctvon ling THIFS (1), in the pressare line
CHPS (2), and i the by-pass line o and
froum the bufTer (3);
A capacity shgnal, O- 100 MW, 4-20 mA,
whach shows how muoch energy ks pumped
throiigh ihe pumping station ai the CHPS
sile:

= Kignals on 4 display inadicite the heat conlent
sl the status of the bailers (supplying,
stamd by, koaading ).

Likewise the CHPS submiits signals (o DSY

= A Mow signal, 0=-500 ks, 4-200mA,
indicsting the Mow of waler from CHIPS 1o
the imerTace storage 1ank,

= Ruppletion of demuwralised wier up o
200 m® per bomer with @ swatch contact,

Pepsonne] of the CHPS hns admittance o e
pumping station o the buffer o close valves in
case of emergency.

The CHPS-DSY contract ensunes (hat ihe
CHPS funciions heal demand Tollowing: DSY
ks CHPS o deliver et for 8 certaln period
of time o the bulfer. The required remperatine
i part of the reguedt. 1XSY expects thal the
request is flfilled. It is possible that the CHPS
haas b pun while dhere is oo heit demand. The
wonsling down follows the process prescribed in
parngraph 2.2, The compminicition betwaen
CHIS amil [SY is by welelns.

5.2 General condrl heal sources and stofage
ks

I the CHPS praslisces et the pumps generle
o pressere of 6 bar 15 ihe CHPS is idle ihe
pressure of the transpor pimps s lowensd Lo
Juast feeed the et from the stoage lank. The
comtrobs of the ballers elsewhere are
autonomous, The central computer of DY may

change the paramieters that regulate ihe storage
tank controds i tarm the boffers off or on.

The moncmious balfer comrels maintain a set
pressure, A higher presaune in the net and the
storage tank loads, §s the net pressure lower, the
hulfer Feeds the net, The auxiliary boilemns are
comirilled the sanke wiy: ihe boblers saar up
wien the pressane in the net falls off and saop
wprain when the pressure exceeds o ceragn sel
level,

In the cooperaton of CHPS, stomge tunks and
ABH all kinds of relations e possible, 17 one
storage ok hos oo liinde hot witer left, the
ather storage tank delivers more. 17 ihe CHPS
wnal the stomge tnks 8o nof deliver enough
heat, the ABH will stan prodhicing heat, [T the
sibuation changes again, the ABH and the
storage tanks stop supplving heat wnd the
stormpe tmnks stan loading heal, iT available
over and abiove maometiiary demand.

By increasing the supply pressure st the CHPS,
initiated with & special command, the siomage
piatiks pnay b Torced go losd hot water produced
by the ABH.

In case of contbmpous operation of the CHPS
the winter period personnel of CHPS muy
eomirol the pressin of the outgomg ranspon
puamps. In this wiy the Thow in the transpor
system may be changes) and influences the hewt
visdent of the stormge tinks.

In the summer scason the CHPS delivers wuter
with a high wemperatiene 1w enbarge the capaciay

o ez sbornge ks The tramsgpor ned runs ai
Temperatunes of 95 °C. The supply lemperniure
iri (b wiilstal s is n:p.lhll:ll h} r|||:||:|'r|j|: widh thie
eooled retum flow, Ths allows for a storage tank
capacity of the trumsport net of ca. 1500 m",
When supphving from stnrage tanks the
iemperature of e outgoeing Dow may be
regulaied by mising with a pan of e fsim
e,

E3 Controlling CHPS pod pdjacent storage
tank

Er thee partigs rom at the CHPS panaps are placed
in @ emsende comnection. All pummps may be
switched directly, the first one in controllahile

In winder the total ugodng (low may be
hnclbed) with three pumps. 1§ ihe CHPS s
sctive, the Mew signal switches 1oa higher
pump pressure factvity level 2),



Thee regulation of e cascnde connection
Tunsction: see scheme on page 25 mml the prini
oof the comipisier screens al piges 38 - 41

Thie Tirsa pismge stars with a closed down
delivery vabve (71 which opens, aller the sar
sugemal amd o 10 seconds tams deloy, m

Bl secomids. The delivery pressure is regulined
by variable pump speed. From o set minimom
the pressung is increased i relation o the Tow
vieloeity, following the resistunce characierisiics
i thee tramsport niel As soon as the P s no
bomper able o generate the necessary pressurne,
the next pump, with & sci capaily, is
outownatically switched on with o delay of one
prnaite, This pammp b= switched direcily with a
star delta switch. Again the delivery valve (7)
operis aller a L seconds deboy in &0 secomls,
alboow g chie pamg w supply full poser, The
delivery valve (7 closes aubomatically when
the prmp feeds o much water @ the goang
pricssyime and the msslod posver eacceds a cemain
bewel. The pressune sagnnl activates another
iy 1T the st pressure s not been reachel, o
b Firsa, vanuble speed pump, is acensd back
whien prissune ¢vceeds the set-point,

With a decreusing demand the first pump is
steered to its mimimum before a directly
switched pump is switched off with a delay of
one e, The pressure may be a linde oo
high For at most 2 minutes. Excess pressurne is
disposed of through a pressune valve to the
storage tank.

11 vhe heal contea of the spornge tnk s poo low
andd the CHFS is not producing, the pumping
Facility s savibchid off siep by siep,

Retum Mows from the distnibution net go
throwgh a flaw meter, a filter and a level control
valve (5] io the storage tank, In pctiviey level 2
il ot ey i benperature of the storage nk
coiiend, the mixing valve { 1) will open amd
el return flow 1l ihe redgquired lemperature is
renlized, The hamd-drven valve (43 ond the
amsu-ilriven valve (5 are nonmally open,
These valves will be cliwed in case of repairs
within the pamping stiutin, The punps liase
hancl-sbiven throughway valves in the section
pipes amld electrcal-driven bunerfly valves in
the pressure pipes. The first pump has an exira
i -Felurn valyve,

The theoughway valves in ihe section pipes ae
normally open, The baterfly valves in ihe
pressure pape are normally closed. oF the paamp
minst be operating,

&4 Controlling the ABH and the adjacen
storage lunk

The pipelines iside and outside the boiler
hiowse are desigmed o operate the ABH @ swell
us the storage tink independemiy, Bul they may
operie combined. The hufler functions otally
independent acoording o the requined pressuire
in the trmvapset ne.

The sorage wnks hove Iempenilice meiers
imstalied a1 each meter hight. The lemperiiure
mters imficate the beat in the slorage tank in
iwi ways, in degrees Celsius ind as Mipping
leds om dfisplays. The tempertures may be rewd
o e spasl el i the cenirl compiter,

The leds light up when the required remperatune
is reached. The display shows with the 15th and
the Tih led whetlser the storage tank (s
supplving of loaling.

The vwos topr amid the two bottom beds indicate in
combination whether the nk is flled with
water of high or bow lemperoture. Two leds are
invedved 1o prevemt swinging or repeated
awitching.

The hanad-driven valves (35 anad (9 outside the
tank (see page 25) permit repair of valves and
pipes between stodage tink and pumps and are
normally opened,

For operating the storage tank two pumps ane
installed, a controllable pump and a set pump
The controllable one may be switched as a set
purmp, The pumps have, normally opened,

b -driven throughway valves (6 in the
suction pipes. The comirolled pamp has a
nonreiwrn valve in the pressare pipe. The set
purmp has o controllable, normally lesed,
butterdly valve (Thin the pressure pipe,

The principle functions as Tollows. With a
bulfer filled, or partially Gilled, with ot wober
all valves except (81, {9 and (6) ane elosed,
The pressine in the iransport line s measmed
Is the pressure oo low and i there soilicient
Best wssteer dnsdide chee tank. tae valves (1L L3R
and {17 open. The vanable pamp starts aml
waer Tlovws through the valves (9), 0135 and (63,
The delivery valve (7)) opens showly bo neleese
wiiker 10 be pumped through valve (17

The control enhances the pumping power nll
the set pressure is realized. On, il the variable
piaimgy s o Tall povver, after a 30 seconds ninse
dheloy, the set pamp will be swibched o amd @
balance will be reached by reducing the speed
of the variable puimp.
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With the pumpis) in full operation the valves
(120 woed (13 willl be cormected for the sef
supply temperature, 1s the predone oo high
than first the variable pump will steer down 1l
the manimem kevel. Than the set pump will
swilch off and the vanable pamp will o for a
aew halamee. [s the level still too high than the
vanable pammp will steer down io the minamum
el wadve (71 will close with o time delay of
one minute, Than almost all valves will close,
exncepd (8), (90 and (f) wnd the pump will stop.
The same will happen il the iemperntune in the
bop of the tank will become oo fow,

While the storage tank supplics, e incoming
a5 well as the owigoing low is measaned,

A voriation sigual will steer valve (11 ) 1o create
@ balamce in the fows.

If the pressune in the supply transpon pipeling
exceeds o certain pressure level, the storage
tank will be losded with hot water, When ihe
exeess pressure is steady and the waler
Eernpernlure i the hivwer levels of the taik i
bow, the valves (12 ) anad § 1) wall Hnll Valve

[ 14§ will open o maintwin the wanted pressure
in the ranspor lines. The Mow into the storge
tank s measured and used 1o steer the outgoing
return (low till hoth halence.

The variable pump starts and water will be
pumped away through the valves (85, (12) and
60, The adelivery valve (73 will open slowly o
mllow cond water to be puriiped away 1o the
et iransport pipeline through valve { 16),

As long as the quantity pumped hack s smaller
than the quantity kssded, the variable pump will
be steered up, 1T the vasiable pamp s at
miximam and the variance in quantity cominme:s
for lomger than a minute, the st memp wall swilch
o and ihe controliable pump will steer toa
balance, This contimes il a balance is realized
between losling and retum Mo,

IF the ingoing Oow is decreasing, because the
net pressyre drops, the varable pump will steer
dovwne The next step is thal the set pump will
switch off and the varinble pump will seek a
mew balance. Is the decrensing of presswre
constant, the variable pump will fall 1w s
minimum and after a time delay of one minuie
valve (71 will close. Theneafter all the valves
excepl (8 and (9 will close and the Last pump
will switch off.

The same will happen when the iemperature
dbivweny in the tank is sulficiently high,

In case the retum fow regulation of the storage
fanks excesds the sel pressure in the fmnspon

e, spring comtrolbed vilves will open amd led
ol thee excess pressune in the storage tanks fos
expansion or suppletion, Excess pressure in the
siapply lime will be let o 10 the outside.

5.5 (hther stormge tanks

The other storage tanks sre constructesd ansd
controbled in the same way as the slorage tank
ol the ABH. An exception is made for the
regulation of the overflow for expansion and
suppletbon.

A6 Controlling auxiliary bollers

The boilers in the ABH wre kept on temperaiure
by i minimal throuphflow of the disirict heating
transport el and ane continuously stand-by for
cascude operation. If the iempersiure gets
below a sl level, the bumers sian o operaie o
imaintiein the sl emperalune.

17 the supply pressure of the iransport net gets
b @ set pressune the boiler pump gets into
sction. Afver that the first boiler is sctivated by
opening the throsghflow valve. The through-
Mow volume is mexssined. 17 the dati indicate 5
volume misre than 140 kg/s then, after o time
delay of 5 minules, anotler boiler i activided,
il all four biilers ane in operstion,

I the firs pamp does not generate sufficient
lvw, the seconel, also varinble, pump gets fnlo
action, Al lowering demand the second pumg
will be regulatesd down and switched off, the
first pamp will stmve bo balance amd switch off
wily when the pressure level is above the st
value. The stand-by sination is than reset

When the pumps are s& in operation by wiy of
the controlled valve (200 (see computer screen
for operations on page 40, operation ARH) tan
a connection s made with the siomge tink g
the ABH location for expansion and, by o o
redurn valve, controaction of the woler volumse in
the transpart net.

AL b decreasing supply of the boiler pumps,
after o time delay of % mimutes, the latest
activoded Bodler will be blocked for
throughflow. Thereupon the ather boilers wall
e switched off until there is not any supply
fedi



AT Waler level control storuge tanks.

Al topeides of all the storage tnks ane
prinscipally coveredd sad isalated, bt wne
conmected with the open air with sn overflow,
The tanks are atmsphenc, The imgoing and
oulgeng ain, suring the movement of the water
levels, is ventilated theough o water seal 1o
prevent condensation. Experionce learmed tha
vapour insade the top of the tmnk has o or very
little comrrosive effects.

The storage tonks have as well o ihe topsade as
o ihe bpom side a dish for an equalized heat
spresd, The Free space between the dish and ihe
overllow is very Timited, The wager bevel is o
comaban s ponsibde. One of the four slonige
tanks, the one of the ABH, is designed as o
receiving collector for expamsion and contruction
oo the tost] vollumee of water in thie disgrsct
heating net. For this renson there s a 300 m*
spuice above the dish, teat means o height of
) cemametnes fo spare above the dish,

The kevel regulstion of the storages tank nest o
e CHPS is by a control valve (53, This valve
is comtrolled by a sigmal from a pressure-
gaugefsagnal-amplifier and may lei the retiem
waler v fo the storage tank ow freely or
Fimmited {see parmmeters in teble: measuned
pressure from 1,350 0 123530 mbar).

The: wdher stowage tinks are kept on kevel by o

florw halance regulation. IF the kevel i the fanks
cormes below isct kevel, the pumping comnds ane
influenced. This is done by decreasing the speed
runge of the returm pamg when kading and by
ibecreasing the deliverimee while sapphang. The
vomimdled retum vildve (11 reacts delayed on ihe
reduction of the outgoing Mow,

IV il Jevel in the siorage tanks is whove a se1
lewel, the pumping controls are alse influcnecd;
when supplying the petwrm valve (011 s limited,
while loading the anler valve (14} i limated.
Thee balance conirol ix delayved

A8 Combining heal demand, prodoction,
Now and bulTering

The graphs on 72 hours of heat demand and
supply 0 summer snd in winger for 20800 and
20,00 howsing equivalents {HE) show the
advantages of using beal storage tanks in a
ehistribution system {see pages 45 - 315,

The first gragh on eoch page shaws the et
demanid amd the hest comsarmptean foe thres
days i summier or inowinter, Heal prosuction s
shown by the vertical bars where the botiom s
heat peosuction al the CHPS and the wp at ihe
ABH.

The second graph shows the Tows per location,
When for 20,400 HE (page 45) in winter only
the stommge tank at the CHPS is used, the Mow

Charscieristics of storage Lank
Chntension 19 800 mm
Area 307,75 m'
Hiighi 1 N0 i
Conbes 4 U0 m'
Highesi poini £ overiflow o+ 13,5505 mam, in practice + 13,9590 mm
Upper side inflow source AT mm, in practice + 13,360 mm
Maximum space +  BBG mm, in practce ¥imm = 1% m
- Allowahle muximom level: al u mean of 50°C of o mean of #0 °C
Consistency ol wiber (1988 (1453
Level 13,682 mm I 3.9 mm
| Contents 216 m' 4315 m'
|‘I-'l-'5r:=lsl1| of confents 4,165 tonnes 4,165 tonnes
| Pressure at bostom 1350 mibar 1350 mbar
Allowalsle minimom level: af a mean of 20 °C il nean of WO
Consistency of waler 1,948 09653
Level 1 3,364 mamn 13,68 mum
Contents 4,117 wm’ 4,213 m*
| Weight of contents 4,067 1onnes 4,067 tonmes
Presaure ot hottom 1,320 mibsar 13200 mvbsar

dld



there s high and strongly Muemating. low and
Muctunting o (e ABH. IT three storage tunks
are used (page 46) there 15 a dampencd
flctiatven ot i CHPS and a Muctuatiag Oow
iposimive when unboading o supplying.,
meganve when losdimg) af the pumping stations
at the ARH and in towmn,

In summer with daily heat prodwction (page 47)
the flow at the CHPS pumping station
resembles hewt demand, 1F the production s
concentrated u one day (page 48), the Mow is
high ar the CHPS 10 feed the stomge tnks al
ABH wnd bn ioam and genily Muciuming at ll
pumping stations while supplying o the grid,

When in winter 30000 HE have o be supplied
with heat, the ABH mus prodoce more, When
all Mow is af the location whene the heal is
prisdisced (page 49) the Now ks higls amd
stronig ly Muctonting at the CHPS, less high and
fhectuating o the ABH. IT the stovage tunks ane
used on other locations os well {page 500, the
Mowy s stable 3t a high kevel ot the CHPS. high
and sirengly Misciunting @ e ABH, and
msdesly Muctiating for loading and unlosling
i bwen. B summer wikh heat production
concentrided on one day (page 51, the ow is
high m the CHPS pumping station 1o feed the
storage tanks at ABH and in town and gemly
Muctaating at all pumpang stations while
supplying o ihe grid

The third Eraph shivws vanatkon in heit content
of the storage tanks.,

I winger wirh 20,400 HE sned masnly using the
stoenge tank at the CHPS the beat content of
that one varies strongly. Loading when heat
demond is bowering in the carly hours of the
oy wind partly unboading in moddasy and
complerely unloading in the evening (page 491
Wit the other storape tunks are used o, the
Muctuation in hest content is consilershle,
varyving with demand, amd the varistion in e
CHP% storge tank misdest (page 461,

In summer the heat content of the storage tink
at the CHPS location vines stromgly by daily
producison (page 471 When concenirating the
production on one day the variation in heat
coniend of all three storage tanks s comprrtly
inereasing while loeading wnad decreasing whilbs
supplying hoad {(page 435),

In wimler with 1IN HE ihe heat content of
ihee ¢ane storage tank ai the CHPS lacaiion
Muctustes strongly with the heat demand (page
49}, Using more storape tanks the heat content
at the CHPS location varies modesly and at e

other location it varses with best demand {page
B0y, The et contem of the storoge tanks n
sumner fMuctuates with production, loading,
and consimption, anboading (page 315,

High flows menn high pumping pressines, ks
florws sovimgs in pump ciergy,
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6. Controlling substations

#.1 Control stution 2-story-block housing
schicinics

The comtroll stations or silwiations Tor ihe lowe-
rise blocks i the project Purmerend have as
mabn function the reduction of e supply
pressure o man w4 har, Ihci,'l:lmlrll.lrrﬁ'
pressane in space heating. The contrels measure
the pressure in the retum transpon pipeline and
redhiiee the supply pressare o the roquined
pressure difference. The required pressore
ififference is expressed os o function of the
fow, The higher the measored Now, the higher
tlee axffered proessare difference 1o overcomse all
frction and 1o kave sufficient pressune
dilference 1o serve space eating elensents msl
heat cxchingers o supply domestic ot water.

Autimaomeas contriols tike care of compating
the mensiared Now o o signal w the conired
vilve, The pressure difference going ot of 4
substation varies between (0,7 apd (L3 bar
depending on Mow.

The comitred ol @ substirion is slonomius,
The conerods may be influenced via the cenral
compuiter o change the parameters of the
comals per subsiation,

Parameters are.
ik pressure differenice;

- change of st points,

— megulating speei of contrel valve;

— pentralised might comection of supply
iemperninres,

Eveery 10 minues data gre collected and

registered by the central compuer.

Thiese data are:

= supply temperatune:

= PetUrm lepermiune:

— INARIBE besnperalane;

= IngEming peessune,

= sipgly pressure o the distnbamson god after
the contral valvies:

— petumn pressung from the distribution grid;

= medsured pressune difference;

= Thow,

= computed pressure dilference;

- primsiiion of contrsl valve;

— enerey passing the station,

Douring mosd of the year the Mow does pot go
above the sl mindman, n this period o el
pressure difference may be nuintnined, This is
done the simplest way, with o mechanical
pressure difference valve. I the flow passes a

sel value the elecineally activated controd valve
will imke contml, The mechamical contml clioses
ihiz electrical drvin condral valvie o soon as i
imtends o lavwer difference in pressune than Lhie
miechamical contml 1 w21 for.

Becouse cach consiemer expects sulficient had
wiler the supply temperafure cannot be below
T Im longer supply lines even o ligher
temperatine is needed in tse distribution grid,
Based on weather-dependent commsls o maxomg
pumgs may be swatched on 1 mis supply water
wilh return water, This is especially reguined
when the storape fanks are boaded with waler
hustter thien pecessary for distnibation. The

i xang ool supply sl reburm water to the sl
termperature is done by comtrol valve and o
fixed displacement punp,

Componeis of a subsdation:

For tive wrgeier sagpply line:

= miin valve supply line;

= de-serstor supply line;

= by-pass over the Gilter for cleaning purposes;

- wvalve o isolute filier, flow meter and
pressure difference control valve [or
Iuminienane;

— Mileer sith blow o splve pnd pressure mefer
fast indication of fouling;

- (o meker as energy ineler;

— sl controlling hasoster pamp when
neeileal,

= branch for mechanical pressure control with
a normally opened valve;

= electrically powered pressure difference valve;

= walve for malmenmnee porporses;
MTaonw indicator for pressure difference
control;

= branch o safeguand Tor excess pressune;

- muin valve distribwtion line.

Henveen supgilyve avid retiom e
- maxing pam between valves and check valve:

by the resurn fine:

= main valve in reurm line dastribution net:

- dle-serator in return ling;

- self controlling rewum purmp if peeded;

— il newded o pressure chick valve o mainiain
sysdem pressune for apartment buaildings of
imedlaim fighd;

- main valve retiarn iranspo line,

Thee Tunceusnimyg of the substulions low-rise
blocks muay be read from the scheme on the
Al papes,
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6.2 Control stathon high-rise bocks

Froem the outset it was siipulated by the fown
counil i 1978 that all apanment buildings
wesldl be installed with an isdividualised
installation for controllable space heating und
bt water supply, Consumption weuld be
imcasured individunlly, To realiee the building
height of 40 meters autopatiy variable speed
hooster pumgs were instnlled. The differcnce in
pressure is set ol 0.4 bar, The systenss pressure
s maintwined by & check valve, The conirols
function autopomeoeisly aml cannot be
wiiluenced, Al relevant measured dila wie
peported 1o the central computer amd registered
CVERY e e,

Componems of a substaton for the gh-nse
blocks:

Fn thie supply line:

- min valve supply line;

de-aerator supply lie:

by -prass for muntenance of flier and
cosmnnls;

valve to isobate filter and controd set fos

MR Ranee;

filter with blow-out valve and pressure meter

fini biwilbcataionn oof foselimg:

~ booster pumgy;

- pressane difference control;

- check valve;
psnlating valve for maintenance;

= hranch for by-pass with safery valve:
main valve supply consumers.

In the ewtiere flane;

— it viklve eetum line oonsanners,
~ dle-aerator returm ine:

~ pressane check valve:

= [hvw meder as endrgy meler;

~ i valve retism iranspo line,

The fuenctionmg of the substation for high-rise
blocks may be resd from the scheme on page .

6.3 Control low-rise blocks

The lovw-rig blocks with 4 1o 5 siones have an
almost wdesical conml statkon s the subsastion
foar hagh-rise blocks. The difference s thut there
are 1o booster pumips installed in these
spbstntbons. Messuremenis are aot reconded
with excepiion of some blocks for mdication,

subsiation low-rise buldings

i | eonauemees

pempratune
cortral

Wil

LR
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6.4 Operational safety devices

Safety devices for low deliciency in operating

e subsbabions:

= pressure safepuarding by overflow valves
with alarm signal of overflow 1o central
coEmputer;
mechanical valves 1o close ot diaphragm
fruciure;
mechanical valves w open ot diaphragm
fraciure;

= elecirical drves 1o close ar power break-
down,

— wlarmn signal &1 high pressure difference;

— plorm signal ol excessive supply
temperaturne;

= olarm skgnal at excessive retum temperatuare;

= glarm signal to wam when the connection to
the central compater ks damaged.

Alarm signals are reported o the service
coordinator by the computer, The service
coordinator can be reached by two telephone
lines at hosne. For carcumstantinl information
and collected datu the computer is nccessible by
mosdem. Imerfenng is nod possible. A mechanic
anid his stand-by muy be contmcted by mobile
phone or semaphone.

b



7. Consumer controls

Tl Calrils ane Gunlly Bosses

O Tamiily’ howses sine bkl an blocks, wihiit
allvws for pipelines thiough the hoase
foainilsions with very shas connscting
pipelines. Therelore thene is mo nesd o build in
w priority for bt water. The layv-oul of the
distribution net allows for a limiudion of the
pressane difference of 0.3 6 (L7 bar, Pressure
difference controls wre vot installed,

Al ine family hoiases are disectly connecil 16
the distribwtion grid, Each connection has its ovn
hot wter unit. The temperutun: of the Gapped
water b5 regulatesd by a thermemtatic valve

Syxece heating is negulaied with o simgde mix-
inpection sy=tem withoul farnher contmls bai a
simiple moom st

Heat mwcasunerwem is done wilh o staiie Tlow
meter with elecircnl power supply, To prevent
bt waker consumipiion without meterning, o main
valve is installed which closes when ihe pover is
dhisconnected. The regulating valve for space
hesating mery be sed 1o a Mo in sccordance with
ihe commection vabue of the house,

7.2 Controlling heating and hot water supply
one Faindly houses

Components for spece heating in the

stanclardized house hesting wmit itvpe TC-1 300k

page 571 for one family houses are;
comird valve with limbted throaghilow,
activaded by heat-motor and room thermostal
i1y

- bemperatere sensor b switch the pump on
el off 192

= circnlating pump (6

— check valve (10

The space heating functions when the room
thermesial ks for lsean because the room
temgperaiune is below the set valise, Insde the
thermasstat s coptact is closed s the beat-molor
is pctivated o open the contnsl valve (1) showly,

The difference in pressure between supply and
et of the district heating network allows
heating water to flow through pipes und heating
elements {rsdiators, convectors ). After e
throwghiflow the conled down water retums
through control valve (111 1o the retum of the
desariet heating network.

I thes redumming wober lus & tensperiture of 500°C
or agher, the temperaiure semsor (95 switches on

i gircuilatnng pairip (05, This 1o secune thit all
e heating elements div get hag water

The circulation pump (60 puamps the retim
wiider to the comnol valve with limited
tersiagehlow (115 amd the rest recireulates
tersiagh the check valve (1) b the supply Hne,
o the suppdly line the woker mines oo lower
supply emperatiore G space heating.

11 the rowom Thermastal nkasures @ lemperatane
pheiryve the set value, it swilches of the heat-
vt wiel ehe controd vabve (11 climes showly,
The circulating pump keeps running il the
bemperature in the heat supply line is below ca,
307 Then also the pump swilches off,

Because the control valve (11 operstes slowly
the heat supply will slowly decréase when ibe
rosa Ehermmosial swilches off w slw]y increase
wihen the demand For heéat s mamiess again,
odten before the supply has been totally siopped.

Conponenis Tor hot waler prochichion:

= It exchanger (45,

= lemiperafure sensor for oulgaing had tap
wter { 1K)

= control valve with thermostatic head (51

= tap water throughflow Fimiter (17);

Ciheer puirts;

= miain valve with heat-motor (35

= Il mseter with Mo meter, integrator and
refurn kemperature sensor (12

= Iweal mseter supply iempernione sensor (15

= filner (2)

T Controls Matlets and small dwellings

The ol fered pressure difference for apartments
has a set value of (0,4 har, Small apariments
often suffer from Lo tiny supply pipelines for
thee heeal suppdy. A prefeence sebection for hot
waker is nocessary, This is realived by a
reduiction valve b space heating with o sl
vidue, By this hydruulic imitation the district
heating water prefers (o Mow ihrough the heal
exchanger for tap waler when required,

The beat division for spoace healing s mone
simple 80 & circubition pump s pol peeded,
Applying o central thermostanie radintor valve
s pooim thermiostat controls the Mow for spoce
heating. Electreiry is ml necded. The energy
micter k8 o mechanical Mow meter with batbery
powET,






T4 Controlling heating amd hot waler supply
in sl dwellings

The stpndand district heating unil fsr apanmenis

type TC- 1910 (see drawing on page 59, and the

iype T TN with HES on pagpes 6l and 61

cirnlaiis for space heating:

— thermiostatic valve with capillary (15

— redlucing rectifeer witl =t vabise {preference
sebectionh (120,

The comtrol functions if the sensor at the
sensdtive end of the capillary s sel ws the
wanted rooen iemperntune and the contrel valve
i 1) takes @ eomespomding position. The
ififlference in supply pressure wnd refm
prresvire of the distrct heating water will cause
o Mow through the heating elements with ogen
walves. The cooled reum waler goes throaigh
ihe reducing valve (123 a5 loag as ihe pressaine
befoee the contril valve (1§ is higher than afiér,
according to the set valae of ihe reducing valve
20 00 ahe comtrnd] walve For Tt water (95 i
opencd ihe pressure will decrease so far that
there i nomore difference in pressune: over the
controd valve (1) for space heatmg.

Components for hod water pooshuc b

= heat exchonper (see drawing page 595 (35,

= hem sensor reacting on hot water ouflow (65,
= comiml valve with thermostugic head 099,

= throughflow lmier (2).

Chibver pants:

= fileer (7

= hizal meter with flow metern, inegravor and
retur leimperatune s |10

= wupply temperture sensor (35

7.5 Controls wiility buildings and major
sers

Thene is just one requirement for the calegory
ulility buildings and major users: the retum
beimperaline tist be 30 °C o less, Thin
eanpernture is guanded with o slow closing
electrical or mechanicul valve (=e scheme at

page 62),

T Unniroling hist waler supply

The foundation of the donsesthe Tt woles
supply 15 the need foprosviele tap waler at a
ternperaiure of al lenst 55 °C a1 ihe nominal
capacity of the heat exchanger. This is o nealisne

goal with 4 supply temperstore of 70 °C and @
imain water lempermure of 100, Lower
temperatiines of the main witer pequine higher
temperatires of district beating waler,

The tempetatung is contmlled by a thermostatic
valhve steered by a sensor in the cotgoing hot tp
wailer sbile of the heot exchanger This set-up
secunes keeping the bt exchanger at the righa
Tempersinn: when nid tpping.
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8. Heat transport

.1 Reslstance Frivtion hsses

Flonw of seister through pipelines ereaies fnctivna)
resistange, Enlarging the Bow of waler creates o
sqjunied value of ressstsnce. The same goes for
the comd B piaiigy the waler protmd.

The design of 3 piping sysieam misd gike into
accuiam hese costs and the costs for constracting,
the sl ol capitald amd the ciosd o mamienance.
Big popes cneate less pesisionce and are less
Espensive I openiie, bol ae mon: expenyve o
bay

Especmlly in case of desamct heating sith stromgly
viurying bt desmamd, desagn st be carelisl. The
estrone circumstances need exira attention: there
prnet e sufficient et while the cost of operstin
i s rebevant. This does not appen ofien,

Short pipelines create less resistance than long
ppes. Ap incentive o creale miny sousces o
heat nearby the consumers, District heating
wirrlos aften with only one souree of heal
because this s econamically sound.

The creation of stormpe ks on siraiegi
bscations is somme ki of po between, They
st heat b relugive short distances fron the
comsumiers, if demand is nist high, o supply it
when demand is high, Transport cosis e low
ihis way,

£.2 Pressure reguiremend

Rewisdunce o the pipelies creates boss of
[eessine. Tix Cmpensale i s bovsas Hlie
prressanne mst be figh ol te head of the trnspaon
pipelines. The hess of pressore i ogoal o neto
pipelines when the dismeters are equal. This also
needs exirn pressure. Besides, there §s o need for
Enlra pressine b oot the heses i the
heal debivery eguipment. There has o b g
hifferemce in supply pressiane amd reum pressuns

The difference will be hiphest at the beginmiig aof
ihe saipply T andd the el of the metm Tk,

The dilference will be minimal o the end of the
disaribution pipelines where the saupply line ends
anal the retem lne begine, The pressune o the end
st be aqifficsent o overcoms? G resisiinges i
thee meturm line, 4.0, the resistances in e control
cepripment ancd pipelines, bt alsos of (he water
bewiel b stormge tanks, The lowest retem
pressue depends on the temperstune of the
relurn waler o, The erCaslre .ll.w.a:pl. aaw Biy bwe
higher than the vpous pressure,

The beat exchanger necds 4 pressune differemee
ol (L3 bar | M1 KPap to Fumcrion well. T tall
apartment bubldings this respuines not only
swlficient pressung 10oreach the 1o bt alsooa
contrled retm. For these bigh bubldings the
sabpply pressung must be initially high, For an
D1 stemry Buiilabing iis mighd be 3 bhar ¢ M6 kPG
I these cases o separated cincuil will be
instilled corporating @ contmslled returm check
valve. The standand supply pressore will hayve
o e imereased by meatis of @ puraping systen,

ol only b sullicient pressure difference and a
corstant Tow ane regured 1o feed the
consimers installations, but the main iranspon
systerm will abso hove 1o deal with all sors of
filsers aned comtred equipment with inermal
resestanges, In the substations the supply
pressure will be secured o provide sulficient
pressure pnd presare difference 1o it the soual
situatbon gnd o supply the Garthes consumer,
Supply pressures over 4 bar will be reduced,

Pumgs wnd controlling equipament in substaions
necd investment. Becanse these panps
sl the efficiency wall be kow. Buoilding up
pressire for o well operating system shoukd be
done by big and cconomically cificient pumps.
Pumgs will be rotional in substations only if
clicumsiances so reguire, g, i the end of a
very long transport lime.

B3 Pumping stutions

The pumping station af the CHPS, as well as
the pumping station at the ABH and the storage
tank in the wwnship, pre equipped with pumps,
Bexides, there is @ central spone arrangoimeil.
pumps ane identical as far as possible. Pomps
e comtrolled ina way ihat ensimes an
ecornotnical lurming specd under all conditions.

Tramsposting mone o bess swoter resulis b naore
o lesss resistunee. Comtrolling beat anspon
presupposes o pressore difference that fits the
It demanad ang the friction of the pipelines,
Increasing the Mo incregses the pressure,
idecremsing the (low decrenses the pressute,

B4 Operuting

The inatially expected demnamd of 20, (0K
hosang eguivalents mequines 13 MY @l peak
ahermand. Wik o cooling dowin of $0°C a Now
s mecded of mo less than 28000 m" per hour



Thae main frunspon pipeline s operated as one
cntity, The resistnee of every piece of the line
is known. In the areas Purmer-Norh, Purmer-
South amd Ciws-North the distribution s
comiiinised by o subsiation per section

Ini the sreas Dvershere and Wheermolen there
1% o subsiation per connected apartment
butlaling o utiliny Widlding, The distabaibiom is
e inside.

For supplying heat to substations there ane two

RS

- gy all hewt without the use of suppor
pumps;

= supply all hewt with use of as moch as
possible suppon pumgs.

T circumstances wiill bop demaml thene ane
thres possible supply patiems:

= hedt delivered by the CHPS and adpnnimg
siofapge lanks
= i the firsl extreme a starting prossaine of
11 bur is needed with @ pumiping power of
(RILINS
i U second extreme o staning pressure
of 5 bar will sulMice, what tikes a
pumgring pwer of 540 KW,
= ARH delivers the ool supply for the meeded
T dbernancd winth support of pl| soemge tanks
= v thie first extreme s regones @ starming
presaiee of 14 bar with o purmping poswer
of 1630 kW,
= it the second extreme o starting pressure
of 6.5 bar ond a pumping power of
T KW suffices.
= heat deliverad by g conbination of CHPFS
ond ARH withewt suippon of the storage
tanks
— In the first extreme this requires o starting
pressure of 7 har with a pumping power
ol 1150 KW,
— I the secomd extreme o staming power of
4.4 bar sulfices with a pumpng power of
Tl kW,

.5 Operaiing standards

Practice will show a pd between [of the tka
extreities, For nine situatiins caleulaions aie
made with s¢enarios and graphs. See page 65 1o
T

Hemt dempnd determines the Mo in the (ol
operation. The mesured flow instructs the

s b dheliver the acecompranying heal
pricssie.

Becent calculations were made o accommodase
27540 eenaiections, The graphic resulis iy
shown o page 73,



pressure drop transport lines o substations

feeding and return line pressure in bar

B L
6 |-
= P feeding line
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b P return fine
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CHPS + storage tank  staraga tank in bown

ABHT + storage 1ank

design pressune 1983, direct systerm

Supply: ABH and three storage tanks, 65+20+20428 MW

20, CuH power
HOUSING-EQUIVALENTS Wy
conpection valse 2
simultaneity 6% 130641
Feeding lemperatine 08 =

Teiurm oo iAo

Heat supply:

CHPS B0
sprage lank 1 at CHPS location 20000
sum CHPS location BS.0
storage tank 2 located i lown 20000
Vennen, bivalent connection  no i
storage tmnk 3 ot ABHI location 250
ABHI 0,0
sum location ABH | 250
ABH2 Wi L
Rsidunl pressures:

lowest residusl pressure feeding trumspost [ine
highest returm pressure return imnsporn line
smipllest pressure difference in substations HW
suim of pumping power noeded in substations
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pressure drop transport lines 1o substations
teeding and raturn line pressura in bar

e L A
1 " P lllﬂ-ll'ﬂ limi
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6 L = g 5 S
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a | ol P retum line
==l
i} L i | 1 i
CHPS + storage tank  siorage tank in town AEHT & storsgs tank ABHZ West |
dasign pressure 1983, direct system
Supply from one point: CHPS locatioen
000 pErwer o pressure pumping power
HOUSING-EQUIVALENTS MWy, kpis mi'fh har kW
conncciion valus 20010
sirmilaneity h5% 1300 ]| JARE BS 7
feeding lemperatune 95 "¢
refum e mperatun S0*C
Heat supply:
CHPS %0
storage tank | at CHPS location 6.0
sum CHPS location 130,00 ] 2488 85 67
stormpge tank 2 located i town LREI] i ] 74 ]
Vienned, bivalem connection o .00 ] 1] .l i
saorape tank 3 ot ABHI location LU
ABRHI .0
sum location ABH | {100 ] ] 6l i
ABH2 Wesi .0 0 1] LR i
Residual pressures:
lowest residual pressune feeding rranspon fine 5.3
highest rétarn pressine refum trafspon Hne 44
snallest pressure difference in substations HW 1.0

sum of punping power peeded in subsiations i
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prassure drop transport lines 1o substations
fending and return lng pressun in bar

sumn of pumping power needed in subsiations

- - AN P teeding line
2 1.
—_— e
== P return line
] ! 1 ! I
CHPS 4 stofage tank  siorage tank in town ABRH1 + storage tank ABH2 Wasi
design pressure 1983, direct system

Suppls: exclusively by CHPS, demand 65 MWy,

200, (000 rower MNow pressure PUmpInE power
HOUSING-EQUINVALENTS MW, kp's m'fh bar kw
connection value 20004

simalioneiiy 3% 5.4 L8 1,244 LE 3 (53
Feeding wmperatiure 95 "

retur lenpemitn: S0

Heat supply;

CHPS 5.0

stosrge tank | ot CHPS location TH

sum CHPS location 5.0 146 1244 14 15
siowage tank 2 locmed in lown 0.4 (1 0 15 o
Venncn, bavalent connectbin  na .00 i i 12 {l
slorage tank 3 at ABHI location (ki

ABRHI i1,

suin location ABH | LN il il 12 il
ARH2 Wes .tk i i 3.2 1
Residual pressures:

lvwest resadual pressure feeding transpon line X1

highest relum pressune fetum ranspor line 21

simalbest pressuT iiTerence in =substations HW 1.




pressurs drog tranaport lines to substations
teeding and raturn line pressure in bar

B L
a L
4 L
e Lk P feeding line
2 L
e e P return line
(v] i 1 | |
CHPS + storage fank  stordge tank in town ARH1 + slorge tonk AHHZ Waay

design pressure 1883, direct system

Supply: by CHPS, meanvw hile loading storage tanks

20,000 power Thow pressure pumping power
HOLUSING-EQUIVALENTS MWy, kgls m'h bur kW
connection value 0

simaltaneity 205 S0 213 Tt i3 a7
femiling femperiturne o5 4C

returm lempeniune 50 %

Heal supply:

CHIPS hs.10

siorage tank | at CHPS location -3

sum CHIFS location 567 L I,085 33 Bl
soeage tank 2 located in toown B3 - -1 5% R .
Vernen, bivalent connéction  po LD 0 0 o, i
siornge tnk 3 ot ABH I locadion -B.3

ABHI i

sum location ARHI B3 R -15% 2R B
ABH2 Wesi -0 R ] 23 L]
Residual pressures:

lowest resihanl pressure feeding transpor line a7

highest relum pressare refum ranspaort ine | &

smallest pressure diffenence in substations HW 1]

sum of pumping power needed in subsiations i




pressurs drop transport lnes to substations
feading and mturmn ine prassune in bar

a |
e L
* K 1 — _ P feading line
2+ 2 —_—
_
—_ P returmn ling
o ] i

CHPS 4+ slorage tank  storage tank in bown

AHHT + storage tank

design pressure 1883, direct sysiem

Supply: by CHPS, meanwhile loading storage tanks

RILILLE

HOUSING-EQUIVALENTS

connection valise

similfianeiy 15

feeding temperaiune B °C

relum femperatine 35°C

Heat supply:

CHPS

storape tank | at CHPS location

s CHPS bocation

storage lank 2 located b o

Venmen, hivalenl conpection  nin

storaps tank 3 at ABHI locaton

AHHI

sum location ABH1

ABH2 Wes

Resadual pressures:

lowest residual pressare feeding transpon hine
highest return pressune relsrm irnspon e
spilbest pressuie dilference in subsations HYW
sum of pumiping power necded in subsiiions

pOwWer
MW,
2
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-15.3
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.
=133
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a4
32
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1.0
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pamping power
kW

1%

o
a4

= |




pressum drop Transpor lines to substations
feeding and return ling pressurse in bar

| = —
B | [ 1| =
el
Pleedingline ___— |
B - i b e 7, D 7
= I" i r
- T |[ e
4 | i
\\R —
-\__‘-\ ol
2 | P return line
| ‘_\‘_ll—'-"-_
(] i 1 i i |
CHPS + plorage tank  storage tank m bown AHH1T + storage fank ABHE West
design pressure 1983, direct system

Supply: by ARH und storage tanks

R rawer flow prexanre puinipig pover
HOUSING-EQUIVALENTS MWy, kais m'/h har kW
comneciion value W 0h

sbmuleaneity [ i 1300 T8 iy T4 Tk
feeding temperntune LR

MELErm fEmperatare L

Heat supply:

CHIMS LR

storage tank | ot CHPS location 233

sum CHPS location £ 139 502 T ([1%]
storge tank 2 Tocated i fown 3.3 139 502 70 Ind
Vennen, bivaleni contection  no 0.0 i o 35 0
storage tank 3 o ABHI location 214

ABHI [T

siam docaten ABHI kid A [T ) 447
ABHY West LU i ] Bty il
Hesidunl pressures;

bowest residual pressure feeding transport line 54

highest refum pressare reiurm tansport line 4.4

senillest pressure différence i substations HW Lo

sum of pumping power needed in substations ]




pressure drop transport lines 1o substations
feading and return line pressune in bar

B L | il ———
|
P feeding ling
B L e
=== L= - 5L -
4 | .
1——..
S
2 L
] i i i i
CHPS + alomge thnk  stormgs tank in lown ABHY + stormge tank ABHZ Wesst
dasign pressure 1983, direct system
Supply: by ARH
200000 power flow pressure pumping power
HOUSING-EQUIVALENTS MWy, kg's m'h har kw
conmcction value 200,00
simulioneiny L il [ 479 1,723 58 445
leeding lemperitine B5°C
relurn iemperine 55°C
Heat supply:
CHPS LI
storige Lank | at CHPS locathon LT
sum CHPS locatson L] [f] ] 5.8 1]
storge tnk 2 located in town L0 i 1] 56 il
Vennen, hivalent conpection  no LN 0 1] 5l i
stormpe fank 3wt ABH hocation 0.0
ABHI [EIRL]
sum location ABH | 1] 474 1,723 3 H5
ABH2 Wesi i i i i2 i
Residual pressures:
bowess residual pressure feeding tmasport line 5.0
highest retrn pressure refum iranspaort line 4.4
smalles pressune difference in substations HW 1.0
sum of pumping power teeded in substations 0




f

pressure drop ransport lines to substations
faeding and returm line pressure in bar

F foacing bne

1} 1 i

P return line

CHPS + storage tank  storge tank in fown

ABH1 + storage tank

design pressune 19383, dinect system

Supply: three storage lanks in nighi Josd
20,000

HOUSING-EQUIVALENTS

conmection value

sifmiltaneity 0%

feeding temperature B5"C

Tebirm ferTipe rwune 0 C

Heat supply:

CHPS

storage tank 1 at CHPS bocation

sum CHPS location

storage fank 2 locoted i town

Venmen, bivalem connection 1

storage ank 3 at ABHI location

AHHI

sim location ABHI

ARH2 Weu

Residunl pressures:

lovwesa residual pressure feeding rrenspon line
highest retairn pressane nefunn trnspen line
smallest pressure difference in substatbons HW
sm of pumping power needed in subststions
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pressure drop transport lines to substations

feading and returm ling pressure in bar

CHPS + storaga tank  slorage tank in town

design pressure 1983, direct system

Supply: by CHPS and storage tanks. 175% of dadly mean

175000 poer Mow
HOUSING-EQUIVALENTS MWy, ks m'/h
connection valoe 17549

simulcameiny L 1k 528 [
feeding wemperature LT i

relurm iemperaiure 45 °C

Heat supply:

CHPS 651l

stowrage ank 1 o CHFS location (L]

sum CHPS bocation 5.1 An 8 i ]
dowage tank 2 located in fown 151 72 26l}
Viennen, hivalent connecthon o il 0 i
stomige tank 3 s ABHI locatkon o

ABHI LEH]

sum location ABH | LY 44 3T
ARH2 Wes {1 i 4
Residugl pressures:

fiwest residual presswre feeding rransport line
hidghes retarm pressune relurm g 1ie
srnallest pressure difference in subsutions HW
sum of pumping power needed in substations

ABH1 + stomgs tank

pessure
e

i1

.0}
59
53

b
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an
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MBS Wit

PREnpERE power
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9. Safeguarding

9.1 Overall safeguarding

The safeguanding of the otal transpon and

distribation sysiem consists of six basic

l.'urthpllﬂ.-rlli
- safeguarding for excess peessure in the
paimpeng stdions and consegqeently the
supply transpon pipelines;

— safeguarding fior excess pressure afler the
sl tations;

— safepuarding for excess pressure in the
refum runspon pipelines;

— safepuarding for sverflow of the stomge
tamks;

-~ safeguarding for drining the stomge tinks,

- safeguarding for over{low from one stotage
tank 1o another.

The data of the total system of pumping
stations, sutsiatons and siorage tanks e
continuousy, with fen minuies miervals,
checked thrmough a communricition system and
registeral, Devimions are selected on gravity
and then registered, and, i pctive 15 pecessary
repowiel 1o the duty service comndinator,

Irpesrtant faulis miesa be reset by phone., [f the
resed ks nol hamdled within a cemain penod of
time. the foult message is communicated to a
second and a thind person.

Fault messages ane related o e.p.
= lonw supply temperaling;

= high retwm temperatune;

= high or low pressare difference.

4.2 Safepuarding high pressure in pumping
siatinns

The safeguarding in the pumping staions for
exceeding ihe maximally allowed sugply
pressure oothe tmnsport pipelings consists of
T sy slerms,

~ The firss b= an electronic protection in the
pusmip copfrols fo prevent excecding a pre-
arranged valee which tums down the speed
ol speed-contrmlled punips and closes the
spippdy valves of pumps with st turmimng
speed.

— The second = 0 mechancal protection,
whenshy the excess pressure reliel valves in
the pumping stations take care of o refum
flow in the fetum ppe o the stomge tnks.
This last protection s sci ol o higher valoe
iham the first one amd sends a signal when o

slarts b0 operde,

4.3 Safeguarding high pressure in
substation.

The safeguarding of the maximum allowed
supspply pressure in the distribuion grid after o
substation in dwellings ar high apartmesem
brnilidimes codisasts also ol o sysieme.

— If the maximum pressure is exceeded; the
swstem b electmeally protecied by
dizconnecting the contrl valve. This valve
thien closes amd isolates the substation (e
thee supsply transport line, The mechanical
prosection uperates wilth an excess pressure
rehiel valve which drains in the sewer,

- Here the mechanical devioe is st wooa higher
value too, IV the safeguands are called upon
e cemral comguiter is inlommeed.

9.4 salcguarding high pressure in retorn
pipelines

Because the total control of flow and pressure
in the substations in residentin] districts
depends on the prossure i the retum fnaispon
prpelimes, i is necessary o guard the retum
prr:nurc This is done in three ways.
When supplying from & storage tink an
electronic system mljusts the delivery
acconding vo the retumm pressimne.
This redeices the return Now and this the
Felurn pressure,
A mechanical system operates with an
exncess pressyre releel valve in all storage
tank imstallaiions which drins an excess
rehum pressure fo the neancst somge tank.
= IF a storge nk is inactive the mechanical
protection is still on stand-by, Besides,
separate elecironie controls open the retum
walvie o the storage tink when the pressune
in umesirnble high,

The mechanic sufeguand is st of o higher level
that e electmoiic ones, An ingermil overflow
oocurs whien o storage wnk siarts to supply and
thee s, emperanly, no retm Bow pousible o
that storage tank. As soon as the electronically
controdled balance is sctive, within minutes, the
situstion will be aonmalized.

9.5 Safeguarding overflow of storage tanks

Chverlbow of storage tanks means loss of witer
which has io be preventsd. The controls for
unlosding and kading hot or cold waler keeps
the level comstant wathin Hmits, Ouigoing st



seater mnay enelanger the surroonding andd the
envirsameit amd ihereloe thene is @ protection
fimr siach evends, The slomge tinks are aquipped
with an electronic {pressane) level
B (R P

07t Bl level sccurs pwo steps ane faken,

depending on circumsiances:

- Wihale unlsading, the reumn valve of the
storrge fnk closes slowly. Because the
P comiimee pemping the level showly
decreases:

= While lading the intake valve of the storge
tank chmes showly, Mow the Tevel decreases
bevause the oungoing Mow Ligs behid ansd
PUmPInE conlimees,

IF the: level gets oo high a foult signal is sent.

b Safeguarding for draining storage tanks

The whsisle system of storage tanks aid
transport pepelines has o be Glled i onder 1o
ol all the conmecied conponenis. Too Hitke
witber will shut-off the tenks one by one. In ciase
of o pipefine Prsctire it is possible that the tanks
in operation drain. The non-opermiing stornge
ianks are automatically disconmected from the
pipelines by valves, Exceading the maxomally
allowed Tow out of the siorape tinks is
converied o an alarm signal that disconnects
et stovrage tnks from the pipelines, This is
mhses wigmalled 1o thee centrd compuner,

AT Raleguarding equalising of storage tanks

The comtent of a storage tank s autonomeosdy
held on level by controlled pumping, When a
pavwer Tuilere occurs the vilves close, adbciwisg
the storage tanks could empey thenwelves in
cach other because il differenes in siilbe
heighi. The mant importan contrel valves
which discoinnect the storage tanks from the
pipelines are therefons of o fail-safe design,
closing when power is disconnectad o niot
available. Pumps are equipped with check
valvies fo prevent wvwimbed ihroughiow,



10. Adjustments to developments

iy

10,1 Introductian

Diesigning, implensenting sl develomng the
prject, mew develugunenis openced pew
ruinage nsent ot as well s they
impiesed mestraints. These devebspments
coneern ieleconmmmmcations, pipeline prces
pnel techamigues, el liss considerstions and
lintitation of the refurn fempeniture.

In the district heating propect of Punmencnd
originally the choice was made for a totally
sutonennous control system, influenced only by
heat demand ond heat proshuction.
Telecommunbeations does nod lave o
conimalling Minction, The simiple bal sufficient
eoninanmstion meiwork wis incomporaied fo
reod and register dota and b0 updote commolling
prararneters il and whes reguired. This allows
imsigha iter thee Tungioming o the ol system

10,2 Televsmmunications options

The communbcations system s only psed o
eramit data, The doea ane conol fles and
parameters. The automatically read dats ure
processed by a central computer and recorded,
Exceeding set upper and lower limits are
registered and eventually transformed to alarm
sigls, Inferruptions of the consnunication
system are reponed and registersd, Beceived
signals may be irunsformed o messapes
rancanitted thnoaegh elephone lines. Whin the
caommimunscntion system isoout of ander ol
conireds opersie gulonmously,

The telecommumnication system o also [ o
instruct the equipment on o limited scale, The
centril compiater i= thim wsed 1o change
parameters and to activale the system,

The changeable parameters ane (i bo;

- @clivabe of de-activite stornge. Thas is dkne
by chisnging the values of comeolling
lemperaes,

= ehange pressme differences in substations o
change the mitgoing Mose This is done by
changing the parameters of the curve tha
contrals the pressune dilference in relation ko
how.

The operatbon of the dinc beating syseem
may be checked and chunged al any moment
oul of uny location by use of the ceniml
4..‘||.l.II||'I||I¢r, i'l'll.u.imn. I-r!']:.-p1h:r|||'! laae amd |arr|.-|'q:| I'r_l.'
reading of inscrling new parameiers

L3 Conts of the pipeline system

While the prodect was developing the prices of
pae-insulmesd pape and accessones, exbdimg of
stisel papes, poelyarethane mealaion and
pelyethylene jackets, kept rising. In the
bepinming of the eigliics the many pipes were
importesd from Scondinavian couninics,
Denmark in partsculur, Lider from Germany,
Froan 1985 these pipes wene also manafsctured
in the Netherlamds bup withou wwy positive
influcnce om prces, Dunng the swne period the
wages i the building sector were also rising,
The waork ot pipselines. like welding and fieting,
wais pand acoending o the lower wages
agrecment for metal wiorkers,

The costs of a double ppeline ase caloulaled
e running ineter, nchsbing materil,
consiructing and finishing, an average sei of
curves, expansion loogs amd valves ineluded,
These complete Bgures make an oversl]

comparison pesble,

The costs of 4 double pipeline per running
meter, mcluding nuenial, constrocting aml
finishing, an averape sob of curves, expansion
loowps and valves inghubed, were n 1982

Ningle Pouble

insubivibon insulation
[ ] L[] TH)
[ 125 Bikh KNI
[ 1500 b Gu)
1 2000 (AL 11540
[0 2500 [l | el
[bs 30NN I.50Mh 15T
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[ D 2.R00 2.94)

o 1985 these cosl wene increxsed 1o

Singhe Doulle
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1A Present costs of district heating systems

I b second hall of e cighties improsemenis
in the installing of pipes were comimion
procedure, [n many cases the pipe dismeters
were lioited o DN 300, For these pipes necdied
ner govermment approved testing sooonding to
steam evsdes, even i the applicd emperatone,
exceeded 1) C. The pipelines wen
calevlmed, imstalled, wnald pressane iested in
sccondance with the steam code. Exireme
expansion loops below carth were restricted
Pre-lensbonimg, installing pre-heatad becaime an
pceepled method while pipelines were also nid
ki wide curves o gvold tensdon and stiess,

The implementation of these wehnigues
alhvwisd @ oevsa devedoposent for installing pipes
(TR L BTN

Single Dhsubile

insulutien insulution
™ 1A b WM
DM 125 020k 1 40443
D™ 150 i 1500 1.0
D 1,251 1350
D 250 1AM 1501
[ 3 1. 7400 1.0
D 4iHa 2210 el ||
[ 5o 26N 270
[ 6l EX L] R

Pupelimes above ground, in creeping spaces
below howses and fitted pipelines, insulated
with pre-moulds and mokst repellent coating.
show p coinparsble pictime:

14R2 19492
DM 40 el |
1N 50 | b 240
N 05 230 Eat
[ L] LETY
B 1u 285 4
s 125 4100 L LE

The conts are an imbicition for the developmient,
In cerain coses (s opersfing pressune my be
low and pipes with thinner walls moy be used
resulting in lower costs, A solid sund foundation
with a low groond water level will induce lower
wimss fhan muddy clay with a high ground water
Fevel. The installation of pipelines in existing
dwellings may induce high costs. Sometimes
Moxible plastic pipes with poolection o oxygen
diffusson may be imed

Prices for pipelines in the secondary
dlistrabution ned ane mnwidays:

Single Dbl

Eisnnlinthon Insanliation
(¥ 20 1in {54
D 32 it 262
i 256 272
[ 50 32 a2
[l Xy A
¥ B0 410 44
[ MR 4T Sl
XN 125 i G
(¥ 150 1,204 1268
¥ 20HE 1 18 22

1.5 Piping requirements sccording o
density of population

The size of ihe papelines depemds o a lorge
extend om the buibding densaty. The boilding
densily is low where single one family houses,
semmi-detmched houses, bungalows and rilsbon
buailcing, is combaned wath anbity building as
schonbs, The grids will reguire 2 to 5 rimes
erane i than medaam densiny arens,

Medum density arcas combine low-nse one-
Fumily houses with gardens in front amd back
with shps, schools and offioes. The costs of
distnibution grids afer the substation v mediom
density areas ane NG 2400w NLG 2,700 per
hasusing e,

B i relatively even division of arcas the Costs
of i trabspaort pipeline amount NLG 600 i
NEG R0 per howsiing equivalent. High deniry
hapibilinge like high-rise apartment blocks, offices
andd miills hardly need a distribution nel.

The comsumers may be connected directly,

The size of the trunspon pipelimnes equals the
ones for mikddle density anens.

106 Establishing eat losses

Iastrct heating papelines pramder heal v thear
BiTe i Thee hagher the lemperaiures, the
et beal gets lost, The bosses in dug in
pipelines may be calcoluted with information
honded out by pipe manufacturers, the soil
comcition, the :q:pr'il:nhlc lerirporaline and the
flow, This Lost Gacior 15 negligible as long as
e i o fow. Practice learned thit soamd
kmrwledge of the pipelines, the insalation wsed,



mitterials and thickiesses, and s direct vicinity
the exrsting formolas lead 1o results tha £t ihe
il fimlings. These findings ane measurod
daring rems-comnsuniption b night. Heat loss is
the haske Tosd of the district beating system
which vanes with oatsale fempernstne, supply
il retm bemperaines,

10,7 Heat demonid through continnons Bow

17 the congrols of heat exchangers for boi tap
waler disfimnetion, & small "leikage™ may poss
thie control valve. The pesulring heat demand
ey partly compensabe for heat bosses, 1Ewill
ilso result in oo much 100 warm o return Dow
which benls to 4 higher heat ks in return
pipelings. The real hear demami amld the real
heat loax shoukd be known o cheek wihether
undelined hest bsses oceuar,

1A Thermostathc returm-lemperatnmn
comtrals

There are several reasons why the chiosee has
been musbe in the district heating project
Purmenend for a regime of 56 °C supply
temperature wnd o 30 °C returm leniperaiine
CRVED sysiemb, Al this iemperiure the overndl
elficieney is at its best, The cooding down
depends totally on the heat consumplion by the
users, That is oo problens in spring wod fall
becanse @ low supply temperaiure is the oplion.

Espectally in winter it is a problem The destrict
heating discusdons lave mol paid sufficient
aitention 1o this problem, The simplest way 1o
repulate Bhes consumption is W prescribe the
capacity of the heating elemens jis assime an
acceplable retum temperature. This alwo
roguires. conirel of the supply Oow io ihe
heating elements. A way loconimol this would
b prsel valves to opiimdae fow ot g
predetermined siuation with convian pressune,
supply temperatune ad demsnd,

Such a system would be inflexible.

1t is preferable 1o install o control valve w all
beating elemenis lmiting the retum
temperatire, There ane thenmostatic valves in
thie iarkoed whibch di just Dol Thisse Tomiters
may be installed on ench bealing element or
centrally in the house insallotion. The centrally
pluccd lemperatune limiter may only be
imstilled af all heating elements are well funed
or if ithere is o circulating pamp m ihe house

heating system io cormoct deficiencies by
repeated Mow,



11. Cost analyses system options

111 Introduction

For new district heating schemes it is imponam
b knnwe sis mach as possible of the Tt

deve lapments. The techiniei) adimulie stmicisne
is the huckbone for supplying heat o
CCMISREETS,

Foor a balances! desvelopment of the supply side,
distribution griel mned costs for nenning the
svsdem, in relabion (o the demand sade, the
mumiher of consunting connectiisis 1o He
svelem, clearly stnbed envirommental anid jown-
planning policies are necessary, Policies peed
formulste boundaries in geographical amd time
drmencions for bl.||.||;|ip' activilics

11.2 Technical welghing Factors

I oreler 1o mike the right cholee of fransporn-
of distribution systems 1 is required 10 inchde
all Esctors playing o role.

Most impornan factors ane:

- the chokce of wemperane regime determines
1o i ke extend the applcahle cost af heat;
the highir the supply temperatune (nsm
CHPS, the lower the power prodisction: the
lorwer the suppdy temperaiene, the higher ihe
power production

= low supply wemperatures make heat
exchangers superflooas, thus simplified
controks amd simple substations;

=~ hgh supply lemperaiures reduce the quanliny
of water to be transported;

= eooling down 1o a high degree reduces the
cjuantiny of water ks be transported;

— high initiul pressures reguine smaller
pipelines, bui reguine cosilier pumps and
miore pump encrey: nlurlly, the opposite
goes for lowvier initial peessure;

=~ the application of booster pumps may nedisce
as well pressure as pipe sizes,

- heat storage 1anks could improve power
penerating efficwency by enabling the CHPS
1o ran al optimal capacily; Turthermone
storage tanks may be used o allow for peak
demand over and above the opthmal heat
copacity of the CHPS;

= gentrally located storage tanks have the
mdvantage of simplicity in operation. but the
dissclvantage of higher loads in the trunsport
pipelines; the opposite goes fir geographical
spread of storage tanks;

— domesiic ol water may be heaied in smaller
sibstathiis, of per connection whereby

sulstations may serve large areas. Cenirally
Tt dommestic bot water regmines @ oexim
grid; the distribwition pipelines 1o supply
space heating could be manginally smaller,
Hewt hinaes of the disribution papelines
coubld be reducad it supply can be cul off in
SAUTTTINET,

— environmentil conditions and the cost of
heid dbetermane soceplible heat losses, and
theis the cost of insuloion.

It will b clear ihat the guality of a cost snalysis
diepends on the number of iems when inbo
consideration,

13 Technical planning

When starting a new heaiing scheme, or part
thereod, it is all-important o know g5 much as
prssible of future developments, Even then it is
pecessary o build in the possibility for change
from the very beginning, .¢. a connecling
branch may be staned as one leg but i should
be chungeable to clse it in a loop in the future.
Clusters may initially be heated direcily,
controlled as one mojor connection, In a loer
stnge clusters could be combvined within u
subtstion. Therelor space for funther
developmients should be reserved in subsianons
am pump himises,

Extensions broughi ti light only afier a heating
syalem wis obyviously completed regine Tull
insight it the management of the hydronlics
invdved. Contimwous compatutbon of oll
clements will provide the options to enlarge o
systems’ capacity af minimal cosl, A
peographical spread of heat storage tinks often
winrkos wonalers.

Atually ina bind it will always be sound
practice to temporarily aocept the fact thal pesk
denuand may cause absolute peok losds,

Lo thot woulkd non be Jooked for in imitial
layoa. Long practioe and the aforemsntioned
conlingoas compataton will make the effecs
i peak denuind foresecable,

Accepting less than ibeal conditions for sl
perswis heightens te leximiny of an exising
network.

Cuse in point is the change-over from an
indireet to o direct system in Pormerend,

By putting in an extra storge tank at the edge
of a cluster of waers the system could be
apgraded from serving 22000 o serving
SOLIN0 housing equivalents withowt changing or
enlarging the existing trnspor pipelines,



12. Conclusion

A s ihe case for many a eafing system, the
project Purmerend was oniginally desigied and
partly Laid-out in Tor too gramd a fashion
alloswang lor for greater deniamd, as well per
connection {housing-eguivalent) as for ihe
endire systerm (simultaneiiyh, then woubd be
ultimately regained.

This ke it pesssible to change the planmsed
indirect system o a direct system. The indirect
svslem stwrmed Tfrom a KW T regimee, be, W °C
input into hovse conmections and 70 °C retarm,
This o be realired thiujgh tramspon pipelines
wherein water al o temperatare of 123 °C
wimitlad be delivened,

Anthe time the first part of the syslem wis
comgleted, it becpme evident that a direct Jow-
femperature heating system was possible, g,
a WA regime, This would allow an egual
tranepon capacity in the sanw pipelines and o
the same pump pressuires. Costs in layoud,
manienance and heat losses would be
consdderably lower, Als, this regine
comesponicds well with the implementution
within the system of 3 CHPS o1 the highes
posaibile clectmicity generming effichency.

I sbekition, direct operution will reduce power
reguired by pumps through opgrating of pamp
efficiency wnd consequent reduction of pressure.

The generul conclusion drawn ineans that
application of & direct system requines 15 %
less capital investmeni than an madirect syslem,
Addiionally, hest losses and munlenanee costs
will be lower, upkeep and operation will be
simplifiead,

Further reshuction of pumping power may e
obtained by installing booster pumps. Hereby
all required pressure does not need o be
supphied sf source, giving the opporuniny (o
cither reduce pressure or reduce pipe sizes,
Oiptimising of beat supply may be gained by
optimal application of ausiliary heal sources
und lsend stirmge tunks

Heat storage ks have two functions, The first
fumction is that they alloa the CHPS tes min ad
Full capacity (ow ot at ally allowing for optinal
efficwency, Additionully, this will reduce ihe
number of stars, cspecilly in summenine
wherchy the plamt may only be required 1o rin
once every twoor threc days,

The second Tunction is thol domge tanks may
deliver heat at times of peak demand, s
reducing the maximum size of heat source
required.

The obtairable savings m relaon to the cost of
installing heal storage fanks is o drnanaie that
conseberation woll be limided fo optimisation
Tov inerease the effect (0 its masimim. tanks
Ik b sliniatod where their capacity meets
aheminl.

An automomdaes contrel system wiis desigmed,
incorpewating the entire system. When the
CHPS produces heal, iransport pamps will ke
bt water out of the siorage tank into which the
CHPS delivers, and deliver ol water (o the
tramspart grid at o pressire of masimiam 6 bar
The water level of the stomge tank nearest o
the CHPS & comrolled by a comtrol valvie, all
other storage tanks by Bow balancing. Control
of slorage tnks and auubinry baoilers i
pudoneanous, All st of situptions may ocour,
depending op condifions i the prid,

The controls automatically whe core of heat
storsge, Pumps are dinected by a comgelgion of
signals Tound i the grid, pumps bocated ai the
CHPS and al the ABH have key-Tunctins,

By use of pelevommaication and & central
computer, control may be pained by meas of
altering parwmeters of the mlononsoes compmls
wrd reactivating locnl control systems,
Through conditioned parameters, storage tanks
may be switched on of off by means of aliering
valies intended for mutomatic functioming.
Pressure nsing, and thus the outgoing flow 1o
the grd. may be changed by aliening the
reliing o

B thas @ stode of the art district lesiing system
was designed. implemened and managed Tor
the mamcipality of Pumcrend, the Metherbinds,








