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Denne rapport er en sammenfatning af resultaterne for projektets delopgave 2:
Demonstration af lavenergifjernvarme til lavenergibyggeri i Boligforeningen Ringgardens

afd. 34 i Lystrup ved Arhus.

Projektkonsortiet vil benytte lejligheden til at takke Boligforeningen Ringgarden for at give
mulighed for at demonstrere konceptet for lavenergifjernvarme til lavenergibyggeriog for
det gode samarbejde ved implementeringen. | den forbindelse ogsa en stor tak til Henrik
Pedersen og Helle Villumsen, som har hjulpet med det praktiske iafd. 34 i demonstrations-

perioden.

En speciel tak til Ph.D. studerende Marek Brand, BY G-DTU, der har bidraget til detaljerede

analyser af de forskellige fjernvarmeuntts.

Maj 2011, Teknologisk Institut, Christian Holm Christiansen, Taskleder
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Summary

The project has completed the first demonstration of a new concept for energy efficient
district heating (DH) for low energy buildings where the supplied district heating
temperature delivered at the consumer is down to 50 © C. The concept is developed in a
previous energy research project, supported by the Danish Energy Agency and involves new
types of DH building substations and DH twin pipes in very small dimensions.
Demonstration area is Dept. 34 of the housing association Boligforeningen Ringgarden near
Aarhus in Denmark, which consists of 7 row houses with in total 40 dwellings, low-energy
building, class 1 according to the Danish building code and built 2009-2010. The dwellings
have a built area 87-110 m2, and are inhabited by mostly older people without children or
families with small children. The purpose of the demonstration was to show that the concept
works in practice and to further develop and refine the technology behind the concept. To
fulfill that, measuring equipment was installed and a large measurement program was
conducted during weeks 26-47, 2010 focusing on 1) consumption and operation
temperatures, 2) simultaneity and simultaneity factors and 3) heat loss from district heating
network and electricity consumption of network booster pump. DH consumption of the
individual consumer is measured and combined with measurements of temperature in
individual homes, it is confirmed that it is reasonable to assume a room temperature of at
least 22 ° C inthe calculation of heating demand. Based on an energy signature the annual
consumption per dwelling was estimated to approx. 5.8 MWh for a reference year,
corresponding to a measured heat density of 0.3 MWh/m network line and 14 kWh/m? field.
The results also show that it is possible to supply customers with temperature just above
50°C, witha DH supply temperature to the area of approx. 56 °C. Detailed measurements
show that the domestic hot water can be produced at temperature of just 3 °C below the
primary supply temperature, e.g. 47 °C at a DH supply temperature of 50 °C. Inthe
measuring period is achieved average domestic hot water temperature of 40-45 °C. The
simultaneity factors of 2 types of DH building substations, district heating tank unit (FVB)
with reservoirs at primary side and unit with instantaneous water heater (GVV) is analyzed.
Curves were drafted for the simultaneity factor up to 10 users. Factor, e (1), corresponding
to the heat power of one consumer is determined to 4.7 kW of FVB-units and 24.3 kW for
GV V-units. Factor e (1) for GVV is lower than previous work and the 32.3 kW, normally
sized for. This result must also be seen in relation to housing type and inhabitants. The
analysis points towards that dimensioning district heating systems need a much better basis
for simultaneity factors and that in future a far greater consideration must be givento
housing types and installations for the establishment of optimal systems. The measured heat
loss for the entire network is very low, but in line with expected heat loss calculated in the
design phase. Estimated heat losses in this low temperature network are approx. 50,000 kWh
/ year. Had the same network been laid out with a traditional design with single pipes and a
temperature set of 80/40 ° C, the corresponding calculated heat loss would be approx.
200,000 kWh. This means that heat loss compared to a conventional network is reduced to
approx. ¥. On the other hand, this gives a smaller increase in electricity consumption for
booster pumping estimated at approx. 2,600 KWh per year. Heat loss is annually around. 1.2
MWh per dwelling corresponding to approx. 17% of the energy supplied to the area.
Overall, the demonstration showed that concept works, also confirmed by the fact that there
were no complaints from residents about the lack of heat or hot water. A new project granted
under the Danish research program, EUDP 2010-11, will bring the concept one step further
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and expand the dissemination potential significantly. In this context continuing
measurements will take place in Dept. 34 of Boligforeningen Ringgarden.
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Resumé

| projektet er gennemfart den forste demonstration af et nyt koncept til lavenergifjernvarme
til lavenergibyggeri, hvor den leverede fjernvarmetemperatur til forbrugerne er helt ned til
50°C. Konceptet er udviklet i et tidligere energiforskningsprojekt under EFP-2007-
programmet og indebeerer bl.a. nye typer fjernvarmeunits og twinrgr i meget sma
dimensioner. Demonstrationsomradet er Boligforeningen Ringgardens afd. 34 i Lystrup ved
Arhus, som bestér af en reekkehusbebyggelse med 40 boliger og et felleshus, lavenergi-
byggeri klasse 1, fordelt pa 7 blokke og opfert i perioden 2009-2010. Boligerne har et areal
pa ca. 87-110 7 og er beboet af fortrinsvis & ldre uden barn eller familier med sma barn.
Formalet med demonstrationen har veeret at vise at konceptet virker i praksis og at videre-
udvikle og finpudse teknologien bag konceptet. Til det formal er der installeret maleudstyr
og gennemfgrt et stort maleprogram i perioden uge 26-47, 2010 med fokus pa 1) forbrug og
anlegstemperaturer, 2) samtidighed og samtidighedsfaktorer og 3) varmetab fra fjernvarme-
nettet samt elforbrug fra feelles boosterpumpe. Fjernvarmeforbruget hos den enkelte
forbruger er malt og kombineret med malinger af rumtemperaturen i enkelte boliger er det
bekraeftet, at det er rimeligt at antage en rumte mperatur pa mindst 22 °C ved beregning af
varmebehov. P& baggrund af en energisignatur er arligt fiernvarmeforbrug pr. bolig for et
referencedr bestemt til ca. 5,8 MWh svarende til en malt varmetsethed baseret pa
ledningsstreekning og grundareal p& hhv. 0,3 MWh/m og 14 kWh/m? for omradet.
Resultaterne viser desuden, at det er muligt at levere en fremlgbstemperatur pa mindst de
forudsatte 50°C hos forbrugeren med en fremlgbstemperatur til omradet pa ca. 56°C.
Detaljerede malinger viser at der kan leveres varmt brugsvand ved en temperatur pa 3°C
under fjernvarmefremlgbstemperaturen, dvs. 47 °C ved en fiernvarmefre mlgbstemperatur pa
50°C. | maleperioden er der er opnaet gennemsnitlige varmtvandstemperatur pa mellem 40-
45°C. Samtidigheden for 2 typer flernvarmeunits, fjernvarmebeholderunit (FVB) med
beholder pa fjernvarmsiden (primeer side) og unit med gennemstrgmningsvandvarmer
(GVV) er analyseret. Der er udarbejdet kurver for samtidighedsfaktoren op til 10 forbrugere.
Faktorerne, e(1), svarende til den beregningsmeessige effekt, hvis der kun skal forsynes en
forbruger, er bestemt til 4,7 kW for FVB-units og 24,3 KW for GVV-units. Punktet for (1)
for GV ligger lavere end tidligere arbejde og de 32,3 kW, der normalt dimensioneres for,
men dette skal ogsa ses i forhold til boligtypen. Analyserne peger frem mod, at der til
dimensionering af fjernvarmesystemer er brug for et meget bedre grundlag for samtidighed
og at der i fremtiden i langt hajere grad bar tages hensyn til boligtyper og installationer for
at fa etableret optimale systemer. Det malte varmetab for hele ledningsnettet er meget lavt,
men pa niveau med forventet varmetab beregnet i designfasen. Forventet ledningstab i dette
lavtemperaturnet udgar ca. 50.000 kWh/ar. Havde samme ledningsnet veeret udlagt med et
traditionelt design med enkeltrgr og et temperatur-seat pa 80/40°C ville det tilsvarende
beregnede varmetab veere ca. 200.000 kWh. Det vil sige at varmetabet i forhold til et
traditionelt fiernvarmesystem reduceres til ca. ¥a med det udviklede koncept. Pa den anden
side fas et mindre gget elforbrug til boosterpumpning estimeret til ca. 2.600 kWh om aret.
Varmetabet udger pa arshasis ca. 1,2 MWh pr. bolig svarende til ca. 17% afden leverede
energi til omradet. Generelt har demonstrationen vist at konceptet virker, bl.a. bekra ftet ved,
at der ingen klager har veeret fra beboerne over manglende varme eller varmt brugsvand. Et
nyt projekt bevilget under EUDP 2010-11 programmet skal bringe konceptet et trin videre og
udvide udbredelsespotentialet markant. I den forbindelse fortsettes malingerne iafd. 34 i

Lystrup.
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1 Indledning

1.1 Baggrund

Der er de senere ar fremlagt flere forskellige forslag til, hvordan Danmark kan gare sig fri af
fossile breendsler bl.a. [1], [2]. Ens for demer, at de inddrager en veesentlig reduktion af
energiforbruget i bygninger og en fortsat udnyttelse af fjernvarme til opvarmning i stor
udstraekning.

@nsket om reduceret energiforbrug i bygninger afspejles ogsa i Bygningsreglementet [3],
[4], der har indfart specielle krav til lavenergibyggeriog i 2010 skerpet det generelle krav
til bygningers energiforbrug.

De meget lave energiforbrug i bygninger stiller fijernvarmen overfor en reekke udfordringer,
hvor en af de veesentligste er varmetab i ledningsnettet, der i forhold til forbruget vil blive
forholdsvist stort, hvis der ikke a@ndres radikalt pa den made ledningsnettet designes pa.
Denne udfordring vil veere mest udtalt i omrader med lav varmetsethed — typisk omrader
med enfamiliehuse eller teet- lav bebyggelse

| EFP 2007-projektet "Lavenergifjernvarme til Lavenergibyggeri” [5] er der udviklet et nyt
koncept til forsyning af lavenergibygninger med fjernvarme. Konceptet tager udgangspunkt
i optimering af hele keeden startende med varmefordelingssystem, fjernvarmeunits,
ledningsdesign, fjernvarmerer og drift. De veesentligste elementer i konceptet er:

o Forsyning af lavenergibyggeri, klasse 1/klasse 2015 jf. Bygningsreglementet.

e Forsyning afen mindre enklave/omrade af bygninger, hvor der kan opnas ensartede
driftsforhold

o Nye typer flernvarmeunits bl.a. fiernvarmebeholderunit, der kan udjevne belastningen i
nettet og levere varmt brugsvand teet pa fremlgbstemperaturen hos forbrugeren.

e Varmeanleg udlagt for lav temperatur - gulvvarme og/eller radiatoranleg udlagt til
temperaturseet 55°C /25°C

e Lave flernvarmetemperaturer med fremlgbstemperaturer hos forbrugeren ned til 50°C
og returtemperaturer ned til 25°C.

e Boosterpumpe og blandekreds for enklave/omrade af bygninger for at opna mindre
ledningsdimensioner og fremlgbstemperatur.

e Brugaftwinrgr ialle ledningsstarrelser - serie 2 eller bedre
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| EFP-2007-projektet blev konceptet analyseret i forhold til et planlagt omrade med 92
enfamiliehuse i Ulleradbyen ved Hillergd. Analyserne viste at ledningstabet teoretisk kan
reduceres til blot 12% i omradet og at det ogsa samfundsgkonomisk er fornuftigt at forsyne
lavenergibyggeri med fjernvarme. Til sammenligning fremgik det afanalyserne at et
traditionelt fijernvarmedesign ville have givet anledning til et teoretisk varmetab pa 36% for
det givne referenceomrade. | projektet blev der udviklet og produceret prototyper for
fiernvarmeunits og stikledninger. Fjernvarmeunitten har en beholder pa primarsiden
(flernvarmesiden), der medvirker til at udjeevne belastningen og stikledningen er et twinrgr
med mediergr pa 14 mm udvendig diameter og 10 mm indvendig diameter samt kapperer pa
110 mm svarende til serie 2.

Der blev desuden udpeget 2 nye demonstrationsomrader for konceptet, da udviklingen i
Ulleradbyen kom til at ga langsommere end forventet. Det ene omrade er Teknologisk
Instituts EnergyFlexHouse (se delrapport 1) og det andet er Boligforeningen Ringgardens
afd. 34 i Lystrup ved Arhus, som denne rapport omhandler (delrapport 2).

1.2 Formal

Formalet med demonstrationen i Boligforeningen Ringgardens afd. 34 i Lystrup ved Arhus
er at vise, at de lave varmetab fundet i EFP 2007-projektet ”Lavenergifjernvarme til
Lavenergibyggeri” kan opnds i praksis samt at videreudvikle og finpudse teknologien bag
konceptet. Demonstrationsomradet er en raekkehusbebyggelse bestaende af 40 boliger samt
et felleshus i et plan, lavenergibyggeriklasse 1, fordelt pa 7 blokke.

Udover malinger af fiernvarmeunits og ledningsnettets effektivitet er det ogsa formalet at
undersgge forhold omkring samtidighedsfaktorer, da det nuveerende grundlag, som stammer
fra 1980°erne ikke lengere er tilstreekkeligt som folge af:

1) Fjernvarmeunits og driftsforhold har e&ndret sig

2) Derer behov for mere preecise vurderinger af behov for kapacitet i forhold til
flernvarmeforbrug i lavenergibyggeri

3) Bedre male- oganalysemetoder er tilgeengelige idag

1.3 Beskrivelse af opgaven

Projektet har veaeret inddelt i en reekke delopgaver, som beskrevet i det fglgende

1. Koordinering med bygherre og udfgrende
Koordinering, planlegning og implementering af konceptet i bebyggelsen i Lystrup inkl.
lzbende opfalgning og mader med bygherre og udfarende.

2. Konceptuelt layout og beskrivelse af bebyggelsen, varmeanlag,
brugerinstallationer og fje rnvarmesystem
Udleegning og beskrivelse af flernvarmesystem, varmeanlaeg og brugerinstallationer efter
det udviklede koncept i bebyggelsen i Lystrup. Produktion af prototyper af
fjernvarmunits til installation. Til projektet er produceret 11 fjernvarmeunits af
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fjernvarmebeholdertypen (FVB) og 30 af gennemstrgmningstypen (GVV) og
stikledningen produceret i EFP-2007-projektet er anvendt, hvor der var muligt (dvs. til
boliger med FVB, hvortil effektbehovet var lavest).

Opsatning af maleudstyr og dataopsamling

Valg af malepunkter og maleudstyr, installering af maleudstyr og etablering af et
operationelt dataopsamlingssystem. Derudover lgbende evaluering af anleggets drift
samt fejlfinding

Demonstration af forbrug og anleegstemperaturer

Generel vurdering af varme- og brugsvandsforbrug i boligerne og sammenligning af de
to typer fiernvarmeunits. Vurdering af driftstemperaturer og brugsvandstemperatur pa
brugerinstallationerne inkl. radiatoranleggene.

Demonstration af samtidighed og analyse af samtidighedsfaktorer
Forbrugsprofilerne for 11 huse med flernvarmebeholderunit sammenlignes med 11 huse
med gennemstrgmningsvandvarmer. Samtidigheden analyseres og forslag til
samtidighedsfaktorer udarbejdes.

Demonstration af ledningstab og elforbrug til boosterpumpe i ledningsnet
Malt varmetab sammenlignes med beregnet varmetab. Pa baggrund af maledata beregnes
forbrug, varmetab i ledningsnet og elforbrug til boosterpumpe for et referencear.

Somdet fremgar, er fokus pa fjernvarmesystemet, sa projektet omhandler ikke en evaluering

af selve byggeriet eller bygningernes gvrige energimeessige forhold ud over, hvad der er

beskrevet ovenfor.
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2 Bebyggelsen og fjernvarmesystemet

2.1 Koordinering og planlaegning

Demonstrationsomradet i Lystrup er fundet i samarbejde med Boligforeningen Ringgarden.
Omradet var langt hen ad vejen feerdigprojekteret, da projektgruppen fik mulighed for at
implementere konceptet for lavenergifjernvarme til lavenergibyggeri. Det betad at en lang
reekke forhold skulle &ndres idet oprindelige projekt:

- Ledningsnettet til fiernvarme blev nydesignet med bl.a. twinrer og boosterpumpe
ifelge konceptet. Det oprindelige projekt forudsatte enkeltror.

- Der blev valgt nye prototyper af units i stedet for standardunits

- Radiatoranlegget blev udlagt til temperaturseet 55°C/25°C i stedet for 70°C/40°C

- Afregningsmalere ide enkelte lejligheder blev opgraderet og forbundet i et
dataopsamlingsnetveerk

En del ressourcer blev derfor indledningsvis lagt i at koordinere, planlegge og implementere
konceptet i bebyggelsen.

Beboerne flyttede ind i bebyggelsen i perioden januar-april 2010.

2.2 Bebyggelsen

Demonstrationsomradet har faet navnet afdeling 34, og er placeret ved siden af to andre
nybebyggelser, afdeling 33 og 35. Afdeling 33 er tilsluttet fjernvarme, mens afdeling 35 har
individuel varmeforsyning. Forsyningsledningen til afdeling 34 er derfor ikke forberedt til
forsyning af afdeling 35.

Afdeling 34 bestar af syv blokke, der samlet har 40 boliger og ét feelleshus, se figur 1.
Boligerne findes i to starrelser: C1 og C2. C1 har 2 veerelser, kakken-alrum, badeverelse og
teknikrum og er pa ca. 87 m2. C2 har et ekstra veerelse og er pa ca. 110 m2. De samlede
blokstarrelser er fglgende:

Blok a =771 m?, 8 boliger (5 xC1 0g 3 xC2)

Blok b =727 m?, 7 boliger (2 xC1 0g5 xC2)

Blok ¢ =594 m?, 6 boliger (3 xC1 0g 3 xC2)

Blok d =528 n, 5 boliger (1 xC1 0og4 xC2)

Blok e =479 m?, 3 boliger (1 xC1 0g2 x C2) + felleshus
Blok f= 484 e, 5 boliger (3 xC1 og2 xC2)

Blok g =532 n¥, 6 boliger (6 x C1)

Hele boliggruppen er opfart som lavenergibyggeriklasse 1 med undtagelse af feelleshuset,
der bygges som lavenergibyggeri klasse 2. Grundarealet inkl. vej er pé ca. 16.600 m?.
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Figur 1 Owersigt over bebyggelse med lavte mperaturfjervarme,
Boligforeningen Ringgardens afdeling 34 i Lystrup.

2.2.1 Dimensionerende fjernvarmeeffekter

Der er kun udfart Be06-energirammeberegning for én af de syv blokke, og det er blok Cf.
Energiberegningen er udfert af Trema Radgivende Ingenigrer, Arhus, som del af den
almindelige projektering. Fra energiberegningen haves et dimensionerende varmetab for
den pageldende blok pa 11,16 kW. P& baggrund af antal boliger og arealstarrelser i
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blokken er der estimeret et effektbehov til rumvarme for de to forskellige boligsterrelser.
Til rumvarmebehovet tilleegges ekstra effekt, idet Be0O6-beregningen tager udgangspunkt i,
at indetemperaturen kun er 20 °C. Ofte har folk idag 22 °C inde 0g 24 °C pa badevere Iset.
Ved analyse i Be06-beregningen og sammenholdelse med data fra et andet lavenergiklasse
1 byggeri vurderes det, at det er rimeligt at antage en ekstra effekt pa 0,2 kW til de

page Idende boligstarrelser.

| de 11 boliger med fjernvarmebeholderunit er effektbehovet til rumvarme med til at veere
dimensionsgivende for fjernvarmen, se tabel 1. Dette skyldes, at effekten til
brugsvandsopvarmning udjevnes over dggnet ved hjeelp afbeholderen.

Rumvarmeeffekt 2,2 2,6
Ekstra rumvarmeeffekt pga.

S 0,2 0,2
hgjere indetemperatur
Brugsvand 0,5 0,5
Total (Dimensionerede effekt) 2,9 3,3

Tabel 1 Dimensionerende effekt pr bolig med fjernvarmebehol derunit - FVB:

Brugsvandseffekten i tabel 1 er beregnet ud fra, at 115 liter 45 °C varmt brugsvand skal
kunne opvarmes pa 12 timer, og at volumen pa fjernvarmebeholder er ca. 100 liter.

Den dimensionerende effekt for brugsvand for fjernvarmebeholderunitten afhenger dels af
beholdervolumen, dels af det forventede daglige forbrug. Ud fra disse parametre blev der i
det forudgdende EFP-projekt [5] fastlagt forskellige dimensionerende primerflow med
udgangspunkt i et tappeprogram baseret pa DS 439 og et varmtvandsforbrug pa 368 liter
45 °C varmt brugsvand i dggnet. Ved et sadant forbrug er brugsvandseffekten i
starrelsesordenen 3 KW for en beholder pa ca. 100 liter. I afsnit 2.3 motiveres faktisk valg
afbeholderstgrrelse og indstilling af primerflow yderligere.

For boliger med en gennemstramningsvandvarmerunit (GVV) antages den dimensionerede
effekt til 32 kW.

2.2.1 Varmeanlaeg
Der er i alle boligerne installeret R1O panelradiatorer af typen PKII dimensioneret til

temperatursat 55°C/25°C. Pa grund af bygningernes lave varmebehov bliver radiatorerne
ikke veesentligt sterre end i traditionelt byggeri, se figur 2.
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Figur 2 Foto af radiator i kekken-alrum i lavenergibolig i Lystrup

| boligerne type C1 er der installeret 4 radiatorer, i bolig type C2 er der installeret 5
radiatorer, se Appendiks 2 for neermere specificering af ydelser.

| badeveerelset er der gulvvarme med returventil.

2.3 Brugerinstallationen

Der er installeret to typer lavtemperaturtilpassede brugerinstallationer, som primaert
adskiller sig ved brugsvandssystemet. Den ene type (Danfoss Redan Akva Lux TD-unit
special) er baseret pa det kendte gennemstrgmningsvandvarmer princip (GVV), hvor
veksleren er udviklet specielt til den lave temperaturdifferens og det hgjere flow pa
primersiden, der fas ved lavtemperaturdrift med en fremlgbstemperatur pa ned til 50 °C.

Den anden type (Danfoss Redan Comfort LGM120L) er baseret pa et beholderprincip,
hvor det er fjernvarmevandet der er akkumuleret i beholderen, ogsa benaevnt

fjernvarmebeholderunit (FVB). FVB’en er koblet til en veksler som opvarmer brugsvandet
efter GVV princippet. Baggrunden herfor er de lave fjernvarmetemperaturer som systemet

opereres ved, hvorfor en akkumulering af brugsvand i en traditionel varmtvandsbeholder
(VVB) er fravalgt af hygiejniske arsager (risiko for legionellabakterier, hvis der ien
lengere periode ikke tappes varmt vand).

GVV unitten er skitseret pa figur 3 og vist med et foto pa figur 4.
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Principdiagram oq stykliste:

13

7
VARMT . H
vann ¥ <

-

84
V. w2
cirk. E( B

|
|
13 | b

38 |— ______

7 6_. 2 ov.v. cirk)
KOLDT
VAND *

2 Pladeveksler varmt vand XB 37H-1 20
4 Danfoss TD-regulafor AVPL
5 REDAN snavssamler %" NN MV = 0,6 mm
5A REDAN snavssamler indbygget i T-stk.
6 Kontraventil
7 Kugleventil
12 Sikkerhedsventil varmt vand, 10 bar
13 Termometer
14 Trykudtag %~
23 Felefiommer til feler for maler ¥
24 Passtykke for maler 3" x 110-165 mm fremfretur”

38 PTC2-regulator

40 Danfoss FJ¥R by-pass

43 Bleendplade

62 Kontraventil (medleveres ikke)

64 Pumpe v.v. cirkulation (medleveres ikke)

7
Fav.
Lo s —T—t

14 7
7 24 23
Fuy. - )
RETUR* <5 ]——D——'f'——'?*—ﬁ
EOLS ~

*=Tilslutning 3/4" Mippel

| I—

*=Tilslutning /4" Muffe

#e=Tislutping 1/2" Nippel

Figur 3 Principdiagram for GVV-unit

VARME
FREM

VARME
RETUR

Specielt at fremheaeve er veksleren, som har en lengere termisk lengde end normalt
anvendt i GVV units. Det dimensionerende temperaturseet ved 32 kW er 50/20°C —
10/45°C, hvilket svarer til et primeert flow pa ca. 920 I/h. Brugsvandsregulatorventilen er
en kombineret temperatur og trykstyret ventil, af “normalt lukket” typen. Dvs. veksleren
holdes kold nar der ikke tappes brugsvand. De primare fremlgbsrar i GVV unitten er
isoleret. UA veerdien for GV unittener ca. 1 W/C°. Varmekredsen er direkte tilsluttet
med en differenstrykregulator monteret over varmekredsen. Manifold for brugsvand og
varmekreds, samt energimalere er ikke vist pa principtegningen.

Figur 4 Foto af den ra GVV-unit, hvor energimaler, isolering og
kabinet endnu ikke er monteret.
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Figur 5 Principdiagram for FVB-unit

Princip for FVB-unitten er skitseret pa figur 5 og figur 6 viser et foto af prototypen.
Formalet med FVB-unitprincippet er at reducere den hydrauliske belastning pa
flernvarmenettet for derved at kunne reducere fjernvarmenettets dimensioner. Ved
beholdervolumen pa 120 liter skal den primare flowkapacitet veere ca. 75 I/h for at tilgodese
tappemanstret iht. DS439 for enfamiliehus uden karbad. Volumen pa 120 liter er valgt ud fra
et kompromis mellem unit starrelse og hydraulisk belastning af nettet. Med de nuveerende
tilgee ngelige mindste fjernvarme stikdimensioner er der stadig overkapacitet i
stikledningerne, hvorfor der ud fra den betragtning kan veelges et mindre volumen pa
beholderen. Pa den anden side gnskes belastningen ogsa udjevnet over dagnet, hvorfor der
kan argumenteres for en stgrre beholder. En unit med 120 liter beholdervolumen, hvor ragr
og automatik er indenfor kabinettet, forekommer her som greensen for, hvad der med
rimelighed stadig kan handteres i praksis.

Et vigtigt forhold omkring beholderen, som er adresseret, er den stigende returtemperatur i
den sidste del af beholderladningsperioden. Med henvisning til figur 5 fungerer det pa
folgende made: En ventil (30) er indfart, saledes at efterkaling af beholderreturvandet kan
ske gennem varmekredsen, nar temperaturforholdene tillader dette. Ventilerne (34-
beholderladning), (32-varmekreds fremlgbsstyring) og (30-beholder efterkaling) er med
indbygget flowbegranser, saledes at det pa forhand indstillede maksimale flow ikke kan
overskrides. Dette geelder ogsa ved varierende differenstryk fra netsiden. Pa varmesiden er
maksimalflowet indstillet til 100 Vh, svarende til en maksimal dimensionerende effekt pa 3
kW. | FVB unitten er anvendt en elektronisk regulator til beholderladestyringen samt til at
operere varmekredsen vejrkompenseret.
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Brugsvandsveksleren og regulatoren er identisk med den anvendt i GVV unitten. UA
vaerdien for FVB unitten er ca. 4 W/C®. Dette er tidligere malt til 149 W =5 W/°C ved
dT=30°C. Forskellen kan forklares med forskellen i temperaturniveau for de enkelte
komponenter af unitten. Her var valgt at varme alle dele op til 50 °C. I Lystrup og idrifter
store dele af unitten koldere, hvilket forklarer forskellen.

Figur 6 Foto af prototype af FVB-unit. hvor kabinet
ikke er lakeret og frontpladen er afmonteret

17
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2.4 Fjernvarmesystemet

Afd. 34 forsynes med flernvarme fra Lystrup Fjernvarme via en forsyningsledning ogen
hovedmaler, der er placeret i bebyggelsens feelleshus. Fra felleshuset og frem til de 40
boliger er der udlagt et lokalt ledningsnet efter konceptet for lavenergifjernvarme til

lavenergibyggeri.

Systemkonceptet bestar overordnet iat reducere varmetabet i ledningsnettet ved hjelp af:

e Mindre ledningsdimensioner
e Lavere flernvarmetemperaturer
e Twinrgr frem for enkeltror.

Mindre ledningsdimensioner opnas ved at anvende:

e FVB-units, som sikrer lavt kontinuerligt flow og dermed mindre ledninger iden
yderste del af nettet.

e Boosterpumpe i feelleshus, somsikrer et hgjt differenstryk i omradet. Pumpen skal
kunne styres efter kritisk differenstryk i nettet (jf. afsnit med
ledningsdimensionering).

De lavere fjernvarmetemperaturer opnas ved, at der i felleshuset placeres en
blandeslgjfe/shunt, der blander den leverede fijernvarmetemperatur ned. Blandeslgjfen styres
af entemperaturfaler i fremlgbsledningen. Temperaturfgleren i fremlgbsledningen styrer en
ventil i returledningen. Nar ventilen i returen lukker, vil returvandet blandes med
fremlgbsvandet i kraft af, at boosterpumpen i fremlgbsledningen vil fungere som
cirkulationspumpe. Det er vigtigt, at boosterpumpen placeres i fremlgbsledningen.
Konceptet er vist i et simplificeret flow- og P&I-diagram i figur 7 og 8 herunder:
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Scenorie 1 - Lukket / delvist &ben returventil (shunt i drift)
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Figur 7

:delvlst aben

Simplificeret flow- og P& I-diagram for Ringgarden (i en situation, hvor blandeslgjfener i
drift, delvis &ben/lukket returventil)
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Scenarie 2 — Fuldt &ben returventil (shunt ikke i drift)
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Figur 8 Simplificeret flow- og P& I-diagram for Ringgarden (i en situation, hvor blandeslgjfen ikke
er i drift, fuldt aben returventil)

24.1 Dimensionsberegninger

Formalet er at dimensionere ledningsnettet efter ovenfor neevnte forudsaetninger. Tracé for
ledningsnet kan ses i figur 9 herunder.
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2
Figur 9 Ledningsnet til lavenergifjernvarme i Ringgarden (gule ledninger er forsyningsledning fra
Lystrup fjernvarme).

Som det fremgar af figuren ovenfor, skal pumpen styres efter 2 forskellige
differenstrykmalinger i nettet, hvor minimum differenstryk er 0,3 bar. Det er den optimale
strategi, men i praksis er det valgt at styre efter 1 differenstryksmaler placeret ved den
kritiske streekning for fjernvarmebeholderunits.
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Metode

Ovenfor nevnte antagelser implementeres ien stationgr hydraulisk model. Herefter
dimensioneres ledningerne til det mindst mulige under forudsaetning af, at trykniveau ikke
overstiger 10 bar(g), og at hastighederne ikke overstiger 2,0 m/s.

Et 10 bar(g) system trykpragves til 1,2 eller 1,5 gange designtryk afhengig af
bestemmelser/krav i udbud. Dette betyder, at der er en sikkerhedsmargin indbygget i
systemet ud over de 10 bar(g) pa en faktor 1,2 eller 1,5. Desuden er der tale omen
spidslastsituation, der meget sjaeldent opstar (-12 °C). Derfor designes ledningsnettet sa
smat, at der ved en maksimum hydraulisk belastning opnas et trykniveau marginalt under 10

bar(g).

Hos Ringgarden har Lystrup fjernvarme oplyst, at der er et returtrykniveau pa ca. 1,5 bar(g),
hvilket giver et "spillerum" pa 8,5 bar op til trykgraensen pa 10 bar(g). Det er yderst
useedvanligt med et spillerum pa 8,5 bar til ledningstab i et omrade med "kun" 41forbrugere.
Dette er kraftigt medvirkende til, at ledningsdimensioner og dermed tab kan formindskes i
forhold til traditionelt fjernvarmedesign.

Ledningerne dimensioneres til det mindste uden at tage hensyn til de store krav til
differenstryk, som dette kraever.

Systemet med fjernvarmebeholderunits og units med gennemstrgmningsvandvarmer
designes til at kunne kere med en fremlgbstemperatur pa 50 °C hos den kritiske forbruger.
Systemet kan kare med den lave fremlgbstemperatur hele aret, hvilket betyder, at der er
indbygget en "sikkerhedsfaktor™ i temperaturen. Saledes kan fremlgbstemperaturen heeves i
tilfeeIde af problemer med varmeleverance. Den lave fremlgbstemperatur betyder, at bypass
vil kare mere end i et "traditionelt" fjernvarmesystem, ogsa i varmesasonen. Konsekvensen
af at kare mere med bypass er dog beskeden i forhold til i et traditionelt system. VVarmetabet
vil samlet set stadig @ges, men varmere returvand i en twinledning vil mindske varmetabet i
fremledningen.

Resultater

Nar nettet i en spidslastsituation minimeres mest muligt, ser trykprofil fra tilkobling ved
Lystrup Fjernvarme til den kritiske forbruger (minimum differenstryk) saledes ud, se figur
10:
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Figur 10  Kritisk rute i nettet og tryk profil fra tilkobling til faelleshus med pumpe og ud til kritiske
forbruger (mindst differenstryk). Den grgnne niveaulinie angiver kote.

Maksimum tryk i fremlgb er pa 6,4 bar(g) (116 mVs — kote; kote=52 mVs). Minimum tryk
er pa 1,9 bar(g), begge ved felleshuset. Tryk i fremlgb er 3,6 bar under designkriteriet pa
10,0 bar(g), hvilket ogsa giver en sikkerhedsmargin med hensyn til levering af tilstreekkelig
meengde fjernvarme. Maksimum vandhastighed er 1,6 m/s.

Stikledningerne til fjernvarmebeholderunits er prototypergr produceret af LOGSTOR i
forbindelse med det forudgaende EFP 2007 projekt [5]. Rartypen er et fleksiblet alupex
twinrgr med mediergr af aluminium coated indvendigt med PEX og udvendigt med PE,
hvilket sikrer 100% imod luft og vand-indtreengen i isoleringsmaterialet og generelt ger
rgret mere stabilt i forbindelse med monterings-/installationsarbejdet. Ligeledes er der en
diffusionsspaerre uden pa isoleringslaget, der forhindrer cellegassen i PUR-skummet i at
diffundere ud gennemden ydre rgrkappe med forringelse af fjernvarmergrets
isoleringsegenskaber over tid til felge. Rardimensionener Alx 14/14, med en indre diameter
pa 10 mm. Pa trods af denne lille dimension, er stikledningen ikke hardt belastet, idet der
kun haves en hastighed pa 0,28 m/s. Stikledningen til 1 stk. unit med
gennemstrgmningsvandvarmer er en Alx 20/20 med en hastighed pa 1,75 m/s, og
stikledningen til 2 stk. unit med gennemstremningsvandvarmer er en Alx 26/26 med en
hastighed pa 1,36 m/s.

Mellemlast drift
Belastningen for mellemlast situationen er antaget til 60 % af fuld last. Trykprofilet for en
mellembelastning ser saledes ud:
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Figur 11  Kritisk rute i nettet og tryk profil fra tilkobling til feelleshus med pumpe og ud til kritiske
forbruger (mindst differenstryk). Den grgnne niveaulinje angiver kote.

Maksimum tryk er 4,0 bar(g), og minimum tryk er 1,7 bar(g), begge ved felleshus.
Ledningsnettet vil langt det meste af aret belastes langt under greensen pa de 10,0 bar(g).

Ledningsdimensioner

De hydrauliske resultater indikerer et sikkert og robust system, hvor flere sikkerhedsfaktorer
er indregnet i tilfeelde af problemer med varmeleverance. Ledningsdimensionerne kan ses i
oversigtstabellen herunder, tabel 2:

Ledningsdimensioner

[m tracé]

Alx 14/14-110 (16-16/110)

115

Alx 20/20-110

187

AlX 26/26-125

163

Alx 32/32-125

127

TWS-DN32 (42-42 /180)

89

TWS-DNA40 (48-48/180)

34

TWS-DN50 (60-60/225)

8

| alt

723

Tabel 2 Ledningskatalog - Ringgarden (ca. tracé leengde)
eksklusiv forsyningsledning fra Lystrup Fjernvarme

Alle ledninger er LOGSTOR twinrgr, serie 2. For de mindste dimensioners vedkommende
med alupex-mediergr og diffusionsspeerre ved kapperar.
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Termostatiske omlgb (bypass)

For at opretholde temperaturen pa 50 °C hos forbrugerne skal der normalt placeres
termostatisk styret omlgb for enden af hver vej eller hos den sidste forbruger pa hver streng.
Omlgbet vil heeve returtemperaturen, men dette er af begreenset betydning for varmetabet i
twinrgr, hvor hgjere returtemperatur vil gge varmetabet i returledning, men mindske
varmetabet i fremlgbsledningen. Samlet varmetab vil forages som konsekvens af omlgb,
men i mindre grad end for enkeltrgr. Figuren herunder, figur 12, viser kravet til omlgb
(forholdsvist stort) i minimum belastningssituationen.

0,035
tons/h

0,030
tons/h

0,028

. / tons/h

0,030
tons/h

Figur 12  Kravtil bypassflow for at opretholde en temperatur pa 50 °C i gadeledning i en
sommersituation.

Det er hensigten at ovenfornevnte flow i omlgb skal finde sted i den sidste unit pa hver vej.
Hvis dette ikke er muligt pa grund af relativt haje flow i omlgbene, skal der placeres et
termostatisk omlgb i det sidste teknikum pa hver vej. Som udgangspunkt skal der
opretholdes en temperatur pa 50 °C, og dermed er flowkravet som neevnt i figuren ovenfor. |
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praksis vil der dog anbefales forsgg med lavere temperaturkrav til standby /
sommersituationer og dermed ogsa lavere krav til flowomlgb.

| projektet er der implementeret felgende praktiske lgsning:

For GV V-units benyttes det indbyggede by-pass, hvor termostatventilen indstilles til
folgende temperaturer:

e Alle boliger, bypass-ventil i position 2,5 svarende til: 35°C
e Sidste forbruger pa streng, bypass-ventil i position 3 svarende til: 40°C

For FVB-units er der ikke etableret bypass. Heller ikke hos den sidste forbruger ud fra
forudseetningen, at varmetabet fra beholderen er med til at holde systemet i gang i perioder
uden forbrug.

Pumpe

Boosterpumpen skal sikre et hgjt differenstryk i omradet, og kravet til booster-pumpen er, at
den skal kunne lgfte fra 0 til 6 bar ved et flow pa 1-15 m3/h. Dette er et stort lgft til et lavt
flow, og i samarbejde med Grundfos er der fundet en standardpumpe, hvortil der ogsa skal
installeres en frekvensstyring.

Der er installeret en Grundfos pumpe type CR-15-6-A-F-A-E, HQQE med
frekvensomformer CUE 5,5 kW. Frekvensomformeren styres ved hjeelp af en fast kablet
trykdifferensmaler type DPI 0-1,0 bar placeret i blok f, lejlighed nummer 124.
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3 Maleudstyr og dataopsamling

3.1 Maleudstyr

Maleudstyret i bebyggelsen skal give mulighed for at undersgge og dokumentere en reekke
forskellige forhold, som defineret i opgavebeskrivelsen, afsnit 1.3:

Forbrug og anlegstemperaturer
Samtidighed

Ledningstab

Elforbrug til boosterpumpe

Til alle termiske forhold er anvendt Kamstrup Multical 601 energimaler, som giver
mulighed for at udtreekke alle vaesentlige parametre. Maleren er blevet leveret i en
specialudgave, der ger det muligt at registrere volumen med en oplasning pa 1 liter. Lystrup
Fjernvarme afregner forbrug med en hovedmaler af typen Kamstrup Multical 801. Til
maling af elforbrug for Boosterpumpe er anvendt en Kamstrup 382 elmaler.

Forskellige forhold ger sig geeldende omkring malere og faleres placering.

3.11 Maling af varmtvandsforbrug og brugsvandstempe raturer

Der er installeret energimalere pa brugsvandssiden i 11 FVB-units og 11 GV V-units.
Flowenheden er monteret pa varmtvandssiden af vandvarmeren. P& grund af den
begraensede plads i kabinetterne har det veeret ngdvendigt at montere temperaturfalerne pa
ydersiden af hhv. koldtvands- og varmtvandsrgr. Fglerne er fikserede for at skabe god
kontakt og er efterisoleret med en rgrskal. Denne fremgangsmade vurderes at give et

rimeligt billede af temperaturniveauerne pa brugsvandssiden, men vil underestimere
energien til varmt vand en smule.

3.1.2 Maling af fjernvarmeforbrug og fje rnvarmetemperatur hos forbrugeren

Der er installeret energimalere i alle 40 lejligheder samt i felleshuset til fordeling af
individuelt fiernvarmeforbrug. Det vil sige malerne maler totalforbruget til bade rumvarme
og varmt brugsvand inkl. varmetab fra installationer pa forbrugerens side af maleren.
Temperaturfalerne er placeret i dertil indrettede falerlommer.

3.13 Maling af samtidighed og varmetab fra ledningsnettet

En vaesentlig del af projektets formal er at demonstrere lavt varmetab og analysere
samtidighed for ledningsnet med de 2 unittyper, der indgar i projektet. For at kunne gere
det, er der installeret 2 ekstra energimalere (bimalere), der maler pa 2 afgreninger af
ledningsnettet med hhv. 11 FVB-units og 11 GV V-units.

3.14 Maling af samlet forbrug til ledningsnettet og elforbrug til boosterpumpe
Hovedmaleren til afregning med Lystrup Fjernvarme er placeret centralt i feelleshuset
sammen med maleren til maling af elforbruget til boosterpumpen. Der er ikke installeret en

selvsteendig maler til fordelingsnettet, men den blandede fremlgbstemperatur til
bebyggelsen registreres.

\\Loc aldom. net\ti folders\Projects\P1373043_EUDPO8-11 - Lystrup Fjernvarme\Task 2 Leerkehaveni Lystrup\LavEByg Lystrup - Delrapport 2 - Final Report.doc 27



3.15 Andre registreringer

| forhold til vurdering af designforudsaetninger for varmebehov registreres ligeledes
rumtemperaturen i kekken-alrum i 22 lejligheder og udetemperaturen pa baggrund af DMI’s
vejrarkiver [7]. Rumfaleren er en specialudgave afen Danfoss ESM-10 med Pt 500-fgler
tilsluttet energimalerens terminal T3 - se Appendiks 2.

3.2 Dataopsamling
Alle energimalere er leveret med M-Bus moduler og bundet op pa et M-Bus-netveerk med 2

mastere. Data samles op via computer placeret i feelleshus og sendes til en central server hos
Teknologisk Institut. Et oversigtbillede for dataopsamlingssystemet er vist pa figur 13.

Fra hver energimaler opsamles falgende data:

= Flow, Q [I/h]
= Akkumuleret volumen, V [I]
=  Energi [Wh]

»  Fremlgbstemperatur, T1 [°C]

= Returtemperatur, T2 [°C]

=  Temperaturforskel, T1-T2 [°C]
= Termisk effekt, P [W]

* ’Energi frem’, E§ (m3 x T1)

*= ’Energiretur’, E9 (m3 x T2)

De 2 sidstnevnte sterrelser benyttes til at beregne gennemsnitstemperaturer for de perioder,
hvor der er flow gennem maleren.

Der er i alt tilsluttet 68 energimalere, som aftastes med 4 minutters tidsinterval.

\\Loc aldom. net\ti folders\Projects\P1373043_EUDPO8-11 - Lystrup Fjernvarme\Task 2 Leerkehaveni Lystrup\LavEByg Lystrup - Delrapport 2 - Final Report.doc 28



M bus master 1.
38 st Mt 801

< N g e o
e ; & s & 2 ) =2 3 Dus master 2
28 ste. Mutda 501

o | g | ) 14t MuizCal 301
b Emiler3se MulaCal 801 SREIS
e mder 38

]

Figur 13 Skitse af dataopsamlingssystemet med fglgende farvekoder: orange/lilla=energimaler til
forbrug, gren=energimaler til varmt brugsvand, rgd=energimaler til maling af afgrening med11 units,
lysbla=elmaler, gra=howedmaler til afregning

3.3 Maleprogram

Maleforlabet har vaeret relativt kort, da indflytning i bebyggelsen farst fandt sted i perioden
januar-april 2010. Det har dog veeret muligt at male i sa lang en periode, at det giver et godt
indtryk af systemets drift. Maleforlgbet har veeret delt ind i 2 perioder, som afspejler hhv.
sommerdrift og drift i fyringssaeson:

- Sommer: Uge 26-38 (28. juni til 26. september 2010)
- Fyringssaeson: Uge 39-47 (27. september til 28. november 2010)

Fyringssaesonens start er bestemt ud fra en registrering af malt varmeforbrug i de enkelte
lejligheder og starter den 27. september. Til sammenligning startede Teknologisk Instituts
graddageteelling den 28. september 2010.

Pa ugebasis er der analyseret og beregnet falgende gennemsnitsvaerdier i de enkelte boliger
(2x11) til videre behandling:
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Fjernvarmeforbrug:

- Volumen, Vs, [m3]

- Energi, Efy [MWh]

- Fremlgbstemperatur, Trem [°C]
- Returtemperatur, Tretur [°C]

Forbrug af varmt brugsvand:

- Volumen, V., [M3]

- Energi, E,v [MWHh]

- Varmtvandstemperatur, Tyarm [°C]
- Koldvandstemperatur, Tkoig [°C]

Forbrug til deekning af rumvarmebehov og varmetab fra installationer:

- Forskellen mellem energi til fiernvarme of energi til varmt brugsvand, AE
[MWh]
- Varmeeffekt til deekning af rumvarmebehov og varmetab fra installationer, q

(W]

Andre registreringer

Hovedmaler, elmaler og ekstra energimalere (bimalere) til maling pa afgreninger samt
rumtemperatur er ligeledes opgivet pa ugebasis. Sidstnevnte registreres ikke i
dataopsamlingssystemet, men udelukkende i den enkelte malers register, somderfor er
aftastet manuelt ved maleperiodens afslutning.
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4 Forbrug og anlaegstemperaturer

4.1 Varmtvandsforbrug

Boligerne er beboet af fortrinsvis &Idre uden bgrn eller med familier med sma bern. Pa figur
14 ses forbruget af varmt brugsvand iboligerne i perioden uge 26-47.

Varmtbrugsvandsforbrug, 22 boliger - Uge 26-47

200

175

150

125

100

75 A

50 -

Varmt brugsvandsforbrug [I/dggn]

25 -

Middel

Bolig [-]

Figur 14 Gennemsnitligt varmt brugsvandsforbrug i perioden uge 26-47 pr. bolig og midlet.

Det gennemsnitlige forbrug til varmt brugsvand er malt til 65 liter pr. degn pr. bolig for de
22 boliger i maleperioden. Det er et lavt varmtvandsforbrug, som dog skal ses i relation til
beboernes antal og sammensatning. Pa baggrund af et estimat for antal beboere i boligerne
vurderes det varme brugsvandsforbrug til ca. 28 liter/dggn pr. person. | den sammenhaeng
skal det bemarkes at den gennemsnitlige koldvandstemperatur har ligget pa ca. 15°C og den
gennemsnitlige varme brugsvandstemperatur pa omkring 40-45°C i perioden, altsa en
temperaturforskel mellem varmt og koldt vand pa 25-30 K. Det lave forbrug understreges af,
atanden litteratur vurderer et typisk varmtvandsforbrug til 30-40 liter/dggn pr. person ved
en temperaturforskel mellem kold- og varmtvandstemperatur pa ca. 40 K [8].

4.2 Fjernvarmeforbrug

Det fremgar af figur 15 at fjernvarmeforbruget for de enkelte boliger malt i ugerne 26-47
varierer noget. Der er en enkelt bolig med meget lavt forbrug, 0,4 MWh og en anden bolig
med meget hgjt forbrug, 2,3 MWh. Middelvaerdien er 1,6 MWh med en standardafvigelse pa
0,4 MWh malt i ugerne 26-47. Da malingerne af fiernvarmeforbruget kun daekker ca. 5
maneder og vintermanederne ikke indgar heri, forventes der et veaesentligt hajere forbrug pa
arsbasis. Et estimat af arsforbruget vil blive beregnet i afsnit 6.
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Fjernvarmeforbrug, 22 boliger - uge 26-47
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Figur 15 Fjernvarmeforbrug i perioden uge 26-47 pr. bolig og midlet.

| bebyggelsen er der 2 forskellige boligtyper, type C1 pa ca. 87 n? bruttoareal og type C2 pa
ca. 110 ne bruttoareal. Pa figur 16 ses fiernvarmeforbruget fordelt pa de 2 boligtyper.
Middelveerdien af fjernvarmeforbruget til type C1 og C2 er bestemt til hhv. 1,58 MWh og
1,55 MWh — altsa meget lille forskel. Det kan dog til en hvis grad forklares med, at der i C1-
boligerne fortrinsvis er installeret fjernvarmebeholderunits (FVB), der har et hgjere
varmetab end unitten med gennemstrgmningsvandvarmer (GVV), men en reekke andre
forhold kan ogsa have indflydelse.
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Fjernvarmeforbrug, 22 boliger - uge 26-47
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Figur 16 Fjernvar meforbrug for uge 26-47 fordelt pa boligtype pr, bolig og midlet. C1 har et areal pa ca.
87 m?og C2 et areal paca. 110 m?

I alle boligerne er der gulvvarme pa badeveerelserne og radiatorer i de resterende rum.
Gulvvarmesystemet er lavet med én kreds og returtermostat. Det er altsa ikke muligt direkte

at regulere rumtemperaturen i badeveerelset. Et besgg i bebyggelsen farst pa sommeren 2010
viste, at nogle af gulvvarmeanleggene var i drift.

Enanden kilde til sommerforbrug har veeret fejl pa enkelte af fiernvarmeunit-prototyperne,
der har medfart en meget lille afkaling og dermed et generelt forhgjet temperaturniveau og
dermed forhgjet varmetab. Fejlene bliver lzbende udbedret, men i udbedringsperioderne kan
lager til kabinetter mv. have veeret fiernet og medfart yderligere varmetab.

| figur 17 er sommerforbruget i ugerne 26-38 vist for de 22 boliger delt op pa boliger med
hhv. FVB-units og GVVV-units. Figuren viser flernvarmeforbrug dels til
brugsvandsopvarmning, dels til rumvarme inkl. varmetab fra installationer. Summen af
varme til brugsvandsopvarmning og til rumvarme inkl. installationer er lig
fjernvarmeforbruget i perioden.

Det fremgar, at varmeforbruget inkl. installationer i stgrrelsesorden er pa hajde med eller

stgrre end forbruget til varmt brugsvand. For boligerne med GVV-units er varmeforbruget
inkl. installationer generelt mindre.
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Sommerforbrug, 22 boliger - Uge 26-38
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Figur 17 Fjernvar meforbrug i sommer perioden uge 26-38 fordel pd FVB og GVV pr. bolig og midlet.
Fjernvar meforbruget er delt op pa varmt brugsvand og varmeforbrug inkl. varmetab fra installationer.

Hvis der ses bort fra veerdier, hvor der tydeligvis har veeret et varmeforbrug eller fejl pa
installationen, kan forbruget til tab fra installationer i sommerperioden uge 26-38 (2184
timer) estimeres til:

- FVB-units (baseret pa malinger pa 4 units): 0,178 MWhel. 81 W pr. unit
- GVV-units (baseret pa malinger pa 5 units): 0,057 MWhel. 26 W pr. unit

I varmetab pr. uge svarer det til hhv. 13,7 kWh/unit for FVB og 4,4 KkWHunit for GVV.

4.3 Anlaegstemperaturer

Forudsaetningen for et lavt varmetab fra ledningsnettet er at det faktisk er muligt at drive
fijernvarmenettet ved de forudsatte temperaturer. | det falgende gennemgas derfor
fiernvarmetemperaturer malt forskellige steder i nettet samt fjernvarme- og
brugsvandstemperaturer malt i de enkelte boliger.

43.1 Hovedmaler og bi-malere

Tabel 3 viser akkumuleret volumen, energiforbrug samt gennemsnitlige fremlgbs- og
returtemperaturer ved hovedmaler og de 2 bi-malere, der maler pa afgreningerne med 11
FVB-units og 11 GVV-units. For hovedmalerens vedkommende er fremlgbstemperaturen
malt for blandeslgjfen. Resultaterne er vist for sommerperioden (uge 26-38), for perioden i
fyringssaesonen (uge 39-47) og for den samlede periode (uge 26-47).
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Hovedmaler - afregning med Lystrup Fjernvarme

115 Volumen [Energi T-frem T-retur

Uge m3 MWh 'C 'C

26-38 1425,3 27,1 63,3 46,6

39-47 1932,3 58,3 65,1 38,6

26-47 3357,6 85,4 64,3 42,0
Bimaler - forsyning af 11 FVB-units

204 Volumen [Energi T-frem T-retur

Uge m3 MWh 'C 'C

26-38 529,1 7,1 55,4 43,6

39-47 704,6 15,6 55,6 36,3

26-47 1233,7 22,7 55,5 39,4
Bimaler - forsyning af 11 GVV-units

234 Volumen |Energi T-frem T-retur

Uge m3 MWh 'C 'C

26-38 318,3 5,7 55,9 40,3

39-47 477,7 13,7 56,0 31,0

26-47 796,0 19,3 55,9 34,7

Tabel 3 Oversigtstabel med akkumuleret volumen, energiforbrug, fremlghbs- og
returtemperatur for hovedmaler og bimélerne til hhv. 11 FVB-units og 11 GVV-units

For de 11 boliger med FVB-units har den gennemsnitlige returte mperatur veeret 39,4 °C for uge
26-47. 1 sommerperioden, uge 26-38, var den gennemsnitlige returtemperatur 43,6 °C. Den hgje
returtemperatur skyldes fgrst og fremmest en enkelt unit, hvor der har varet tekniske problemer
og dermed afkelingen. Pa en anden unit er der registreret en returtemperatur pa ca. 29 °C i
sommerperioden, sa det er generelt muligt at seenke returte mperatur mere ved yderligere
trimning af installationerne.

For de 11 boliger med GVV har den gennemsnitlige returtemperatur veeret 34,7 °C for uge 26-
47. 1 sommerperioden, uge 26-38 var den gennemsnitlige returtemperatur 40,3 °C. Den hgje
returtemperatur skyldes fgrst og fremmest 2 units, hvor reguleringsventilerne ikke har virket
efter hensigten. For en enkelt unit er der registreret en returtemperatur pa ca. 26 °C i
sommerperioden, sa ogsa for GVV-units er det muligt at forbedre driften.

Generelt ses en lavere returtemperatur i fyringssaesonen (uge 39-47), hvilket er med til at
bekraefte at radiatoranlegget leverer en lav returte mperatur, som forventet.

For hovedmaleren er den gennemsnitlige returtemperatur for den samlede maleperiode malt
til 42 °C, hvilket er hgjere end de returtemperaturer, der registreres pa de 2 bi-malere, som
tilsammen daekker 22 boliger. Arsagen er lokaliseret til en af de gvrige 19 fiernvarmeunits i
bebyggelsen, hvor der har veeret en defekt reguleringsventil, som har resulteret i et meget
stort uafkglet flow.
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Det er ogsa veerd at bemeerke at fjernvarmen fra Lystrup Fjernvarme er leveret med en
fremlgbstemperatur pa ca. 64°C i maleperioden oger blandet ned til ca. 56°C iden centrale
blandeslajfe.

4.3.2 Fjernvarmete mperaturer i de enkelte boliger

Figur 18 viser de gennemsnitlige fjernvarmetemperaturer i hele maleperioden for hhv. de 11
boliger med FVB og de 11 boliger med GVV. Generelt er der ingen problemer med at levere
en fremlgbstemperatur mellem 50-55°C hos forbrugerne. Dog ligger temperaturen lidt lavere
for GVV og i et enkelt tilfeelde helt nede ved 46°C. Dette tilfelde kan dog forklares med et
ekstremt lavt fjernvarme- og brugsvandsforbrug, som betyder, at bypass-temperaturen far
stor indflydelse pa den gennemsnitlige fremlgbstemperatur.

Der tegner sig ogsa et billede af en lavere returtemperatur for GVV-units end for FVB-units.
De tidligere omtalte tekniske problemer betyder at returtemperaturen for enkelte units bliver
meget hgj.

Fjernvarmetemperauturer,
gennemsnit - uge 26-47
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Figur 18 Fjernvar metemperaturer, frem og retur, malt i de enkelte boliger som gennemsnit
over malerperioden uge 26-47. For hver bolig er der et meerke for fremlgbstemperatur og

et meerke for returtemperatur. Resultaterne er yderligere fordelt pé de 11 boliger med GVV
og de 11 boliger med FVB.
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4.3.3 Brugsvandstemperaturer i de enkelte boliger
De gennemsnitlige temperaturer for varmt og koldt brugsvand er vist pa figur 19.
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Figur 19 Brugsvandstemperaturer, varm og kold, malt i de enkelte boliger som
gennemsnit over malerperioden uge 26-47. For hwer bolig er der et meerke for
varmtvandstemperatur og et merke for kol dtvandstemperatur. Resultaterne er
yderligere fordelt pa de 11 boliger med GVV og de 11 boliger med FVB.

En vaesentlig konklusion er at det er muligt at opna en gennemsnitlig varmtvandstemperatur
pa mellem 40-45°C. Ved korte tapninger af varmt brugsvand vil temperaturen typisk ikke na
den mulige maksimumtemperatur. Til gengeeld vil temperaturen ved lange tapninger komme
meget teet pa fremlgbstemperaturen pa fijernvarmevandet — for FVB-unitten dog begreenset af
beholderens kapacitet, som betyder, at fremlgbstemperaturen falder efterhanden som
beholderen tammes. Der er registreret temperaturer over 50 °C.

Den kolde brugsvandstemperatur har i maleperioden veeret noget varmere end de 10°C, der
forudseettes ide teoretiske beregninger af returtemperaturen ved varm brugsvandsproduktion.
Der er registreret koldtvandstemperaturer for hele perioden uge 26-47 pa ca. 15°C og endnu
hgjere temperaturer i sommerperioden. Det har nogen indvirkning pa den returtemperatur,
det er muligt at opna i praksis.
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4.4 Detaljerede driftsforhold

| det felgende undersgges forskellige driftsforhold nermere for de 2 typer fjernvarmeunits
med henblik pa at dokumentere og optimere prototyperne yderligere. En del af undersggelsen
er foretaget af Ph.D-studerende Marek Brand og beskrevet pa engelsk i afsnit 4.4.2. En
sammenfatning pa dansk er givet iafsnit 4.4.3.

4.4.1 Fjernvarme beholderunit - FVB

FVB-unitten er udstyret med en Danfoss ECL-styring og en avanceret driftsstrategi. Udover
malingerne fra energimaleren er der foretaget malinger direkte pa ECL regulatoren pa én af
FVB unitterne (lejlighed 7). Formalet med dette er, at vurdere om tankstyringen fungerer
efter hensigten, samt at have et grundlag for at optimere driftsstrategien.

Brugsvandstemperatur og kapacitet er vurderet i lgbet af november 2010, hvor der blev
foretaget en kapacitetsmaling. Nedenstaende figur 20 viser tappetemperaturen som funktion
af tiden for et tappeflow pa 8 I/min.

Brugsvandstemperatur FVB
Tappeflow 81/min (kun varm hane dbnet)
o 51
. 49 S ——
= I
=y ™~ y
S 45
5 43 .
2 Lo
£ 41 \\
3 39 >
(o))
2 37
o
35
01 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17
Tid [min]

Figur 20 FVB maling i lejlighed 7, konstant tapning, brugsvandstemperatur som funktion af
tappetiden. Regulatorindstilling er her 2 omdrejninger fra maksimum

Det ses, at der holdes en tappetemperatur ved hanen pa over 45°C de farste 11 minutter.
Endvidere ses, at temperaturen begynder at falde efter ca. 9 minutter. Her vurderes det, at
oversiden af lagdelingen i tanken giver sig til kende. Det skal dog bemeerkes, at et egentligt
bad ville kunne fortsattes til en temperatur pa ca. 38°C, som vil svare til en brusetid pa ca.
16 minutter (ekstrapoleret). Tages der hgjde for at tappetemperaturen over hele perioden
kunne have vaeret pa 37°C, svarer dette til en tappetid pa 22 minutter ved et blandet
tappeflow pa 8 I/min.

Beboerne i denne lejlighed oplyser at kapaciteten af varmt brugsvand er tilstreekkelig. Kun i
enkelte tilfeelde, hvor der har veeret geester pa besgg, som ogsa brugte bruseren
efterfalgende, blev der konstateret kapacitetsproblemer.

Derneest er det vurderet, hvor meget vand, der tappes af beholderen pa primeersiden.
Volumen tappet af beholderen i lgbet af de farste 9 minutter er 73 liter (Eller ca. 60% af
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beholdervolumenet pa 120 liter). Dette er foreneligt med, at faleren er placeret ca. en
tredjedel fra bunden af beholderen og at den lader til en falerte mperatur pa 48°C.

Beregning:
V=(48°C-15°C)/(53°C-25°C)*9Imin*8 I/min = 33/28*9min*81/min = 85 liter, fratraekkes
ladeflowet fas 851-1001/h/60min/h*7min = 85 |- 12 | = 73 liter

Forklaring:

Tappeflow (kun varm hane aben): 8 I/min
Temperatur fra beholder under tapning (primeer fjernvarmetemperaturen): ca. 53°C
Vurderet koldvandstemperatur: 15°C
Tappetemperatur for farste 9 min, middelveerdi: 48°C
brugsvandsvekslerens returtemperatur ca. 25°C

Ladningen startede med 2 minutters forsinkelse, derfor er anvendt 7 minutter for varigheden
af ladningen pa primersiden.

Efter 73 liters tapning fra beholderen ses sdledes de farste tegn pa, at temperaturen fra
beholderen under tapning reduceres. Det kan konkluderes at brugsvandsregulatorens
setpunkt med fordel kan senkes, idet en tappetemperatur pa 49°C er ungdvendig hgj,
resulterende i reduceret tappetid grundet hgj aftapningsrate af beholder samt forhgjet
returtemperatur fra brugsvandsveksleren.

Afden grund er der efterfalgende for lejlighed 7 valgt at reducere setpunktet for
brugsvandsregulatoren med 1 omdrejning (tidligere indstilling var 2 omdrejninger fra
maks.), svarende til ca. 2°C reduceret tappetemperatur. Endvidere er beholderens
ladeindstilling @ndret saledes, at ladning startes ved en fglertemperatur pa 42°C og afsluttes
ved en falertemperatur pa 46°C (denne indstilling var tidligere og ellers generelt, 42°C hhv.
48°C).

Endelig er FVB-unittens styringsstrategi vurderet ud fra detaljerede malinger pa 2 dage i
december 2010. For at kunne lese nedenstaende kurver, figur 21 og 22, forklares M2, som
angiver hvilken momentan ladestatus fijernvarmebeholderen har:

M2=0  Ingen ladning af fjernvarmebeholder

M2=1  Der lades normalt, dvs. beholderen returvand ledes til flernvarmeretur

M2=2  Returvandet fra fjernvarmebeholderen efterafkales i varmekredsen

M2 angives pa figurernes hgjre lodrette akse.

Forklaring til gvrige kurver i nedenstdende figurer 21 0qg 22:

T outdoor: Udetemperaturen

T hest fl.: Fremlgbstemperaturen til varmekredsen

T heat return: Returtemperaturen fra varmekredsen

T st retur: Udlgbstemperaturen fra brugsvandstanken

T st: Beholdertemperaturen (ECL beholdertemperaturfaleren)
T prim. fl.: Primeer flernvarmefremlgbstemperaturen

T heat fl. Set. @nsket varmefremlgbstemperatur

Pumpe heat: Om varmekredsen er aktiv, Aktiv =1, ikke aktiv= 0.
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Figur 21 FVB maling i lejlighed 7, pa en hwerdag

Af figur 21 er ladetiden bestemt til ca. 3,7 timer. Den gennemsnitlige returtemperatur fra
beholderen (T st retur) er ca. 26,7°C under ladning, (Dette er tilfeeldet hvor M2=1 eller
M2=2, grgn kurve).
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Figur 22 FVB maling i lejlighed 7, i weekend
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Af figur 22 er ladetiden bestemt til ca. 3,4 timer. Den gennemsnitlige returtemperatur fra
beholderen er ca. 21,1°C under ladning.

Det ses, at der ica. 1/3 af ladetiden er efterkaling i varmekredsen. | den tid reduceres
flernvarmebeholderens returtemperatur ca. 6°C under efterkglingen. Denne veerdi atheenger
naturligvis af, hvad returtemperaturen for varmekredsen i sig selv er. Med det her realiserede
varmeanleg giver efterkalingsfunktionen saledes en klar reduktion af returtemperaturen,
svarende til gennemsnitlig 2°C over hele ladeperioden i varmessesonen. Det skal erindres, at
efterkaglingen ikke vil komme i funktion udenfor varmesaesonen, ifald der ikke anvendes
gulvvarme uden for varmesasonen.

Det ses endvidere, at de laveste veerdier for T st retur ligger pa ca. 11-12°C. Dette er lavt og
kan givetvis ikke kun tilskrives vekslerens effektivitet, men ma ogsa veere et resultat af en
lav koldvandstemperatur, vurderet i starrelsesorden 5-7°C for dataopsamlingen foretaget i
december maned.

Ladeflowet til beholderen og til varmeveksleren under tapning er begraenset til 100 I/time,
hvilket betyder, at der i lgbet afet dagn lades et volumen pa ca. 100 I/time*3.5 timer = 350 |.

4.4.2 DH substation with heat exchanger for domestic hot water - GVV

Although an extensive measuring system is installed in Lystrup, it does not cover detailed
measurements with short sampling rates, of the performance of the DH substations. The
main detailed measurements for GVV are recovery time of the substation, i.e. time needed
for the substation to produce DHW with desired temperature after tapping is started, stability
of DHW and proper cooling of DH water during operation. Detailed measurements are
important for the evaluation of the level of users’ comfort for DHW. The reason why these
measurements are not taken by the main measuring system in Lystrup is that the measuring
system should log a huge amount of data, and thus data from individual substations can be
measured only once every 4 minutes, which is not enough for an evaluation of the dynamic
behaviour of the substation. For the FVB unit, some data evaluating dynamic behaviour of
the substation can be read directly from the ECL controller, but in case of GVV, the ECL
controller is not used.

The detailed operation conditions of dynamic behaviour of GVV were measured
experimentally in the laboratory of Technical University of Denmark (DTU) in Lyngby. The
results from the measurements are reported in the conference article “A Direct Heat
Exchanger Unit used for Domestic Hot Water supply in a single-family house supplied by
Low Energy District Heating” presented on 12" International Symposium on District
Heating and Cooling in Estonia [9]. The article is a part of the report, Appendix 1.

For detailed description of both types of district heating units, we refer to chapter 2.2,

4.4.2.1 Importance of dynamic behaviour for GVV

When comparing both types of substations used for low-temperature DH, a dynamic
behaviour related to the level of user comfort is more critical for GVV than for FVB. Both
units use the same HEX and control system for DHW preparation, but in case of FVB,
district heating water is, at the beginning of each tapping, taken directly from the buffer
tank, where it is stored with the desired temperature and thus immediately enters HEX and
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produces DHW. For GVV district heating water is taken from the branch pipe which, after a
long idle period (period without tapping DHW or without need for space heating), can be
cooled down, and it takes some time to replace cooled water from the branch pipe and
supply HEX with “new” DH water with 50°C from the distribution pipe in the street.

While for FVB, unit charging and discharging characteristics are important (charging flow
rate, capacity test and return temperature), the main focus for GVV is on the time needed for
SUB to prepare DHW with desired temperature (so called recovery time) because this time
is additionally affected by the influence of the branch pipe.

For comfort delivery of DHW in accordance with former DS439, DHW with temperature
45°C/40°C (and 0.2 I/s) should be provided from a tap in 10 sec from the moment when
tapping is started. The time needed for DHW delivery after a tap is opened is in the
following text called “tap delay” and it consists of:

o transportation time and influence of thermal capacity on branch pipe on the
primary side

o recovery time, meaning time delay in DH substation

o transportation time and influence of thermal capacity on the secondary side, i.e. in

DHW feeding pipes for individual taps

In the following text, short considerations about tap delay in the individual parts of the
system are presented to give an insight in this topic.

4.4.2.1.1 Tap delay on the secondary side — DHW installations in the building

The secondary side consists of the individual feeding pipes connecting substation with
DHW taps. LTDH concept aims to be highly energy efficient and thus it is designed without
use of DHW circulation (DHWC) system. The main reason for absence of DHWC is a
relatively high energy loss and moreover for DHWC, the return temperature from the
circulation loop should be guaranteed above 50°C, which cannot be fulfilled. Since DHWC
is not used, the tap delay on the secondary side is defined by the distance between SUB and
individual taps, by the inner diameter of the feeding pipes (always 10 mm), by their thermal
capacity and by the period passed from last tapping. It means that the only way to reduce the
tap delay on the secondary side to a minimum is to plan a distribution of rooms with tapping
points as near as possible to SUB, i.e. close to the technical room as it is designed e.g. in
Lystrup. The layout of tapping points and lengths and transportation times for individual
taps is shown in Figure 23.
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Figure 23 - Example of tapping points designedin proximity of DH substation in Lystrup. In the table
are shown lengths of individual feeding pipes (inner diameter 10 mm) and transportation delay for
nominal flow are shown

It can be seen that the shortest transportation time is needed for the shower, because of short
length of the feeding pipes and relatively high flow rate. It is a sign of proper distribution of
the tapping point. In general a shower can be considered as a critical fixture for tap delay,
because we can much easier accept longer waiting time for DHW with desired temperature
for washing of hands than for showering. Nevertheless the DS439 does not distinguish
between suggested values for tap delay and temperatures for different types of fixtures.

For a DHW system without circulation, the tap delay on the primary side and in the
substation becomes even more important than for systems with DHW circulation.

4.4.2.1.2 Tap delay on the primary side — branch pipe

Transportation time in BP

GVV is equipped with a PTC2+P combined pressure-temperature controller for DHW
preparation. When tapping of DHW starts, the temperature part of the controller asks for the
maximal available primary flow, and this situation lasts until the DHW set-point temperature
is reached at the output of HEX. For GVV used in Lystrup, the maximal primary flow of
roughly 850L/hour (14L/min) is defined by Kv value of the controller. If we consider that
average length of branch pipes for GVV in Lystrup is 10 m (maximum length for ALX
20/20/110 is 13.8 m) and inner diameter of the pipe 15 mm, it takes 7.5 sec to transport
“new” volume of district heating water with designed temperature from the street pipe to the
substation. Detailed values are shown in Table 4.

Table 4 — trans port time of primary water in BP of GVV unit in Lystrup — pre

. inner branch .
nominal | . . volume | nominal .
diameter | pipe . velocity

flow . in pipes flow

(L/min) of pipe length ) (L/s) (m/s)
(mm) (m)
14,1 15 10 1,77 0,24 1,3
14,1 15 13 2,30 0,24 1,3 |

trans portation time with no influence of the thermal capacity of the pipes.
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During these 7.5 seconds, the cooled water from BP is supplied to the heat exchanger, but
the heat exchanger is not working with the design primary temperature until all cooled water
from the BP has passed through the heat exchanger.

Cooling down of water in BP during stand-by

The temperature of DH water standing in BP during idling depends on the period of idling
(ie. how long there was no flow in the branch pipe), on the pipe properties (diameter,
insulation, configuration) and on the temperature of the ground surrounding the branch pipe.

To investigate temperature drop during idling in the branch pipe, Logstor Aluflex 20/20/110
(inner diameter of media pipes is 15 mm) filled with 50°C hot water was modelled in
COMSOL Multiphysics software. The boundary conditions were: no water flow,
temperature of the surrounding ground 3°C, 8°C and 14°C and initial temperature of PUR
insulation in pipe 15°C (average value for typical conditions). Simulated conditions
resemble situation when tapping of DHW is finished and no consumption of DH water
occurs for long time. The cooling of BP was simulated for a time period from 0 to 720 min.
The cooling down of water standing in the branch pipe during idling is shown in figure 24.

COMSOL cooling of Aluflex 20/20/110 during stand-by
for ground temp 3/8/14C, initial temp of pipe was 15C
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Figure 24 — Cooling down of DH water in branch pipe during idling

It can be seen that for periods without space heating (i.e. for low-energy house
approximately 6 months during the year from April to October) with typical average ground
temperature between 8°C and 14°C, the water standing in the branch pipe is cooled down to
20°C if there is no tapping of DHW or by-pass flow roughly after 3 and 4 hours for the
ground temperatures of 8°C and 14°C respectively.

The cooling down of the BP can be prevented by use of by-pass. The by-pass keeps BP on a
higher temperature and reduces the substation recovery time, but it also increases the
consumption of heat and the return temperature to the DHN. The GVV in Lystrup is
designed with external by-pass, keeping BP on a desired temperature. The set-point
temperature for external by-pass is 40°C for customers at the end of a street (end of the
street pipe) and 35°C for others.

Influence of the thermal capacity on tap delay in branch pipe
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The simple calculation of transportation time in the branch pipe presented before does not
count for the influence of its thermal capacity. The importance of the thermal capacity of the
pipe on the tap delay was numerically simulated with an in-house developed Matlab code.
The code was successfully validated with experimental data.

The influence of the thermal capacity of Aluflex 20/20/110 on a temperature drop of water
supplied into the GVV is shown in Figure 25. The curve represents the temperature
measured at the inlet of the substation for a 10 m long Aluflex 20/20/110 pipe, surrounded
by ground with a temperature of 8°C after 180 minutes of idling (i.e. temperature of the
water is around 20°C, see Figure 24) when the tap of DHW is opened again on the
secondary side. The primary flow rate is 14 L/min.

Aluflex 20/20/110, 10 m, TwaterMAX = 50C
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Figure 25 - influence of the thermal capacity of a branch pipe on the temperature of delivered water

after stand-by (based on Matlab model deeloped by Dalla Rosa)

Figure 25 shows that for the case when water in BP is cooled down to 20°C, the
transportation time accounts for 7.5 sec (independent of temperature), but the water
delivered to HEX at that time is already cooled down by the thermal capacity of the pipe to
37°C. It takes other 2.5 sec, i.e. 10 sec all together to deliver 45°C water and around 40 sec
to deliver 49°C to HEX. For case when water in branch pipe is initially cooled down to
10°C, i.e. for ground temperature 8°C after 9 hours, it takes in total 12 sec to supply HEX
with 45°C and 46 sec to supply HEX with 49°C. This case can be used as an example what
happens with water in the branch pipe during the night outside heating period without DHW
consumption.

It shows that outside the heating period and without operation of by-pass, it takes easily 10
sec to start operating HEX with design temperatures.

From Figure 24 can be seen that it is not necessary to run external by-pass with a set-point
temperature of 30°C for GVV sooner than 90 minutes after previous tapping, because DH
water in the BP is still above the set-point temperature of the by-pass. This is however in
contradiction with our experience when external by-pass operates roughly after 30 minutes.
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The reason is that the sensor for external by-pass is placed in the substation and cools down
faster than water standing in branch pipe. Nevertheless, keeping the short length of pipes in
the substation (just before by-pass pipe) on a temperature of 30°C has almost no influence
on recovery time of the substation. The optimal solution will be control operation of external
by-pass by temperature measured directly in branch pipe.

These examples document that if the requirement of 10 sec tap delay (with nominal flow for
fixture, not with 0.2 I/s) should be fulfilled in the Lystrup case, it is necessary that the
substation will have a recovery time below 9 sec for showering and below 4 sec for hand
washing, taking in consideration the tap delay in the branch pipe.

Nevertheless, for the majority of existing buildings, the transportation times on the
secondary side will usually be longer, because of not optimized displacement of tapping
points.

4.4.2.1.3 Tap delay in substation — recovery time

The remaining and for sure most important part of the overall tap delay is the time delay in
the substation, the so-called recovery time. The recovery time of a DH substation is defined
by the type of used control system, thermal capacity of the components, water volume of
HEX, level of the insulation of substation, maximum allowed primary flow rate and by
period passed from previous tapping. Since the numerical model is quite complicated and it
is still under development, the recovery time of the substation was obtained by laboratory
measurements, which is described in the following paragraph.

4.4.2.2 Detailed Laboratory measurements of GVV

To evaluate the detail dynamic behaviour of the GVVV, we measured the recovery time for
producing DHW with temperature 42°C and 47°C. Recovery time is time needed for GVV
to produce DHW with desired temperature after tapping was started. Recovery time is
measured from the moment when DH water with desired temperature, i.e. 50 °C arrived in
inlet of substation. This report presents only main findings, the details can be found in the
conference article [9]. The experiments were focused only on dynamic behaviour of the
substation related to DHW heating, and thus space heating loop was not connected and
space heating valves in the substation were closed.

4.4.2.2.1 Methods

The measurements were carried out in the laboratory of Technical University of Denmark in
June 2010. All measurements were performed for flow of DHW 8.4 L/min corresponding to
nominal flow for the showering. The tapping was always performed in duration of at least 2
minutes. The showering was chosen as tapping with highest nominal flow rate, i.e. the
longest recovery time of the substation. We investigated recovery time of GVV for three
different cases, for PCT2+P controller with and without use of external by-pass and for
IHPT controller with internal by-pass. Additionally we were focused on temperature
stability of DHW and primary return temperature to DH.
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The set-point temperature of DHW was set to 47°C for all cases. The 47°C is defined by
requirement to deliver 45°C DHW. It can be objected that for showering, 40°C should be
enough, but in real conditions the set-point temperature for DHW will be adjusted to satisfy
the highest desired temperature in the system, ie. 45°C for kitchen sink?. The 2°C
(45°C+2°C) for set-point temperature were added to cover the temperature drop in the
feeding pipes during the first moments of tapping.

The by-pass set-point temperature for external by-pass was 35°C for the general consumers
in Lystrup. The measurements of dynamic behaviour were performed for different initial
conditions simulating in a realistic way different periods passed from previous tapping of
DHW. In this way, the influence of user’s behaviour on the recovery time of the substation
was simulated. Finally we measured flow rate and frequency of by-pass operation. The GVV
unit is in detail described in chapter 2.2.

The substation was connected to the source of DH in such a way that just before the DH
pipe enters the substation, the by-pass for redirecting a small amount of DH water to the
drain was installed. By this system, it was assured that the substation is always supplied with
50°C DH water immediately after DHW on secondary side is opened, without any waiting
time or temperature drop in supply water. In this way, only the operating conditions of the
substation excluding the influence of the branch pipe were measured. For example, recovery
time measured for the controller with external by-pass does not count for tap delay and
dynamic behaviour in the branch pipe, but it is measured only from the moment when DH
water of 50°C arrives in the inlet of the SUB.

Measured values:

The temperatures of four different water flows passing through the DH substation were
measured. On the primary side, it was the temperature of DH water supplied to the
substation (T11) and the temperature of cooled DH water returning back to the DH network
(T12), and on the secondary side it was the temperature of cold potable water entering the
substation (T21) and the temperature of prepared DHW (T22). All temperatures were
measured by thermocouples type T installed directly in pipes, in flowing water, so they do
not have any practical time delay for the measurements. The time constant to reach 90% of
step change was less than 1 second. The distance of the thermocouples from substation
flanges was 5 c¢cm, and thermocouples were previously calibrated. We also measured the
surface temperature of HEX in upper (HEX-UP) and bottom part (HEX-DOWN) and the
temperature of air in the testing room. Temperatures were measured and collected by
multifunction acquisition unit every second.

Experimental procedure
The three different control concepts were measured:

External by-pass (measurement number 2, 3 and 4)

For measurements of the concept with external by-pass, the substation was controlled by a
PTC2+P controller and by-pass set point temperature was adjusted to 35°C. This setup is
exactly the same as installed in Lystrup. The testing procedure was made in following steps.
The substation was left idle in the testing room for a long time, so all components and water
in the HEX gained the room temperature. Then we started supply of DH to the substation
and DH water with a temperature of 50°C started to flow in the substation and flew through
the external by-pass, until closing temperature was reached and by-pass flow stopped. Then
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we waited until the by-pass was opened again. The time between two by-pass openings, as
well as the volume and temperature of DH water passed through the by-pass was written
down, and after the by-pass was closed again, we waited a little bit shorter time than was
needed to open the by-pass flow again, and we started the tapping of DHW with flow rate
8.4 L/min. In this way, the most unfavourable condition for a substation with by-pass, i.e.
highest recovery time, was measured. After the tapping of DHW was finished, we waited 5
minutes, and then performed one more tapping to simulate short time periods between two
subsequent tappings of DHW.

No use of by-pass (measurement number 1)

This procedure was very similar to the previous testing condition. The substation was left
idle for a long time to reach the temperature of ambient air and then tapping was performed.
To repeat measurement after 5 minutes was not necessary, as the conditions are the same as
in the case 3.

Internal by-pass (measurement 5,6)

For measurement of the internal bypass concept, IHPT controller was used. An internal by-
pass concept means that the HEX in the substation is always kept at the desired temperature.
This solution provides the highest level of comfort, but on the other hand it has very high
energy consumption. Moreover temperature of returning primary water is increased
significantly during idling. It should be mentioned that this (IHPT) controller is normally not
used for low-temperature application and its testing was only informative.

In case of IHPT, the by-pass set point temperature cannot be adjusted independently, and it
is defined by the desired temperature of DHW, i.e. in our case 47°C. Due to specifications,
the controller can be operated only in DH networks with supply temperature over 60°C, but
we performed measurements anyway to find out influence of keeping HEX warm. The
testing procedure was similar to measurements with external by-pass. After the supply valve
on the primary side of the substation was opened, DH water with a temperature of 50°C
started to flow in the substation and slowly heats up the HEX, until the by-pass closing
temperature was reached. Then we waited until the by-pass opened again, and we performed
tapping of DHW just before the next by-pass opening was expected. In the following steps
the measuring procedure was the same as in the case of external by-pass.

4.4.2.2.2 Results - Recowery time, temperature stability of DHW & return temperature to DHN

The results are presented for the 2 controllers, PTC2+P with external bypass and IHPT with
internal by-pass.

PTC2+P with external bypass:

The recovery time, stability of DHW temperature and temperature of primary water
returning to the DH network for case no. 2, i.e. substation with external by-pass after idling,
just before external by-pass was expected to start is shown in figure 26. The tapping started
in t=0 sec and it lasted for 2 minutes. It can be seen, that from the moment when DH water
of 50°C enters the border of GVV, it takes 5, 10 and 15 sec to produce DHW with a
temperature of 35°C, 40°C and 45°C, respectively. To produce DHW with temperature of
42°C and 47°C, the substation needs 11 respectively 22 sec from the moment when 50°C
warm DH water enters the substation. The stability of DHW during tapping is satisfactory,
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but the final stable temperature of the DHW is not 47°C as was desired, but 46°C. This is
however not seen as a problem. It is probably caused by hysteresis of the controller and
during next tapping a steady state temperature of DHW can easily reach again 47°C.

The cooling of DH water during the tapping is defined as a difference between T1; and To,.
The red curve in figure 26 shows steady state return temperature, T, a little below 20°C.
The return temperature slightly exceeds 20°C, but only for 20 sec from the beginning of the
tapping before steady state in the substation is established. After reaching steady state
conditions, the flow rates on primary and secondary side were equal.

50 -D—_ﬂ—.a——- 0o £O0O000000000000000000000000n0ona
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g i 1 03 <T21> (C) — 104 <T22>(C)
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©
230 107 <room_temp> (C)
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)
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Figure 26 Recovery time for GVV. Case 2 with external bypass (PTC2+P), when tapping is
performed just before start of the by-pass flow is expected (set-point temperature 35 °C)

For case 3, the measurement was performed after long idling just after by-pass flow was
stopped. The recovery time to produce DHW with 42°C and 47°C decreased to 8.5 and
16.5 seconds. In this measurement, the initial temperature of the substation, and thus water
standing in the HEX, was a little higher than ambient air temperature. It is expected that
recovery time will be slightly longer, if the substation will have real ambient temperature,
but still shorter than in case 2. We also performed measurement of recovery time five
minutes after previous DHW tapping was finished. In this case, the recovery time of the
substation to produce DHW with temperatures of 42°C and 47°C was shorter, 7 and 14
seconds.

For room temperature around 22°C, external by-pass was opened roughly every 30
minutes. The by-pass was open on average 2.5 minutes, and the volume of DH water
needed to close the by-pass was on average 3 L, i.e. when the substation is idle, the by-pass
uses 6 L of DH water per hour.
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IHPT with internal by-pass:

Recovery time for GVV equipped with IHPT controller with internal by-pass adjusted by
requirement of DHW to 47°C was 6 and 14 seconds to reach 42°C and 47°C on outlet of
substation for a situation when tapping was performed just before by-pass was expected to
open. The measured values can be seen from figure 27.
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Figure 27 Recovery time for GVV with internal bypass (IHPT), when tapping is performed
just before start of the by-pass flowis expected (set-point based on DHW=47°C)

Fromthe curve, Ty, it can be seen that even if the HEX in the bottom part (where the outlet
pipe for DHW is placed) is filled with DHW with temperature 45°C, it takes 4 sec to
transport DHW from the HEX to the outlet of GVV. The primary water returning to the DH
is, in this case, cooled down to 18°C which is caused by lower temperature of cold potable
water on secondary side (12.5°C).

The internal by-pass opens 3 minutes after previous tapping is finished. Once the internal
by-pass is opened it never closes, only when another tapping is performed, but again closes
only for 3 minutes. The average flow of internal by-pass was 24 L/hour and average return
temperature to DH network was 45°C. When internal by-pass is once opened, the recovery
time in substation to produce DHW with temperatures of 42°C and 47°C decreases,
substantially to 1.5 and 7 seconds because whole substation is basically kept on
temperature 50°C.

The reason for not optimal performance of by-pass for IHPT is caused by fact, that IHPT
was originally developed for traditional district heating with supply temperatures of at least
60°C. For IHPT, set-point temperature for DHW should be at least 10K lower than primary
supply temperature, which in our measurement and in LTDH concept in general cannot be
fulfilled. The measurements were performed to evaluate recovery time for substation with
“warm” HEX and to investigate behaviour of traditional IHPT used for LTDH. If IHPT
controller will be used for LTDH, should be optimized for LTDH.
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The recovery times for all measured cases are listed in table 5:

P Tu Ta2 Tas Ta7 Ti2| Tizave| Thexup THex-Dow
case number and description o o o o o

P (°C)| (sec)| (sec)| (sec)| (°C)f (%C) Q) (°C

NO BY PASS 1 -after long idling, no by-pass (BYP)| 50.1 12 18 25| 16.2] 195 20.4 21
2 -after long idling, just before BY Pw as

EXT ERNAL expected to open again 49.6 11 16 22| 301 19.3 215 21.4

BY-PASS| 3 - after long idling, just after BYPclosed| 50.6| 8.5 12| 165| 426 19 29 26

4 - 5 minutes after previous tapping finished | 50.8 7 10 14 25 19.1 22.3 37.4
5 - just before BYPw as expected to open

INTERNAL BY- (3 min after prev. tapp. finished) 50.5 6 10 141 195 19.1 226 38
PASS 6 - anytime, when BYPw as already in

operation 49.3 15 35 7 47.3 18.4 44 455

Table 4 Overview of recovery times on GVV for all measured cases

The temperature Ty is average temperature of supplied DH water for the measurement; Txx
denotes the time needed for substation to produce DHW with desired temperature from the
moment when SUB received DH water of 50°C; Ti, is the primary return temperature at
time t=0. From this value it can be seen if the by-pass was in operation just before the
measurements. Ti2ave IS the average return temperature during the tapping and Tpex-up and
THEX-DOWN are surface temperatures of the HEX.

4.4.2.3 Conclusions

e GVV is working properly, from DH water supplied with temperature 50°C can
without problems prepare 47°C DHW.

GVV has good cooling of DH water, T1» < 20°C for T»;=14°C. The cooling of
primary water returning to DH depends on the temperature of secondary potable
water (T21).

For maximal allowed primary flow rate 14L/min and less favourable condition i.e.
long idling without by-pass, GVV produces 42°C DHW in 12 sec after the 50°C
DH water enters the border of GVV. The recovery time of the substation to
produce 42°C DHW for tapping repeated 5 minutes after the previous tapping is
finished is reduced to 7 sec.

+ When summing tap delay on primary side (10 sec) and transportation delay in

feeding pipes (1.2 sec) with recovery time of GVV to produce 42°C DHW for
measurement no. 1 (12 sec), we end with an overall tap delay for DHW for

showering of almost 24 sec.

With operation of external by-pass the tap delay on primary side (in branch pipe)
and thus overall tap delay will be reduced, because branch pipe will not cool
down. The numerical model is needed to evaluate influence on recovery time of
substation. Numerical model is under development.

o The standard version of IHPT controller (with internal by-pass) can not be used
for concept of LTDH, because desired temperature levels are out of range for
temperature control. For proper working condition of Tset-pointDHW<Tprim-
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10K should be fulfilled, which is not possible in concept of LTDH with DHW
set-point temperature of 45°C.

4.4.2 4 Recommendations

GVV is properly working concept with good performance, nevertheless its performance can
be improved by using of components optimized for LTDH.

Heat exchanger

Performance of HEX can be improved by further optimisation of number of plates and
reduced distance between them. It will result in higher pressure drop but on the other
hand heat transfer will be improved and water content of HEX and its overall size
reduced. Furthermore, hydraulic connection of HEX can be improved to fit connection
pipes without unnecessary fittings.

Controllers

GVV uses controllers designed for traditional DH temperatures. It is suggested to
optimize both types of controllers for LTDH concept, i.e. for DH supply temperature
50°C. For reduction of waiting time for DHW produced by GVV, by-pass keeping branch
pipe on desired temperature is a solution. The use of by-pass flow in a more energy efficient
way should be investigated. Among the possibilities there are: the use by-pass flow for
yearly-round bathroom floor heating or the installation of booster pumps that replace by-
pass but still allow delivery of DHW with reduced waiting time.

To decrease heat losses from the GVVV to ambient and for some situations also decrease
arecovery time it is suggested to insulate heat exchanger or better whole cupboard.

4.4.3 Dansk sammendrag af konklusioner og anbefalinger for GVV-units

Dette afsnit indeholder et dansk sammendrag af konk lusioner og anbefalinger praesenteret i
afsnit 4.4.2. vedrgrende den GVV-unit, der er installeret i Lystrup. Arbejdet er udfert af
Ph.D-studerende Marek Brand fra DTU-Byg. Der konkluderes fglgende:

GVV-unitten fungerer som forventet. Med en fijernvarmefremlgbstemperatur pa 50 °C
kan den uden problemer leverer 47 °C varmt brugsvand

GV V-unitten har god afkaling af flernvarmevandet ved tapning, T12 <20 ° C for T21 =
14 °C. Hvor kold fjernvarmereturtemperaturen (T12) kan blive, afheenger af det kolde
brugsvands temperatur (T21).

Omkring ventetid er falgende fundet for en GVV unit med inaktivt bypass: Ved
maksimalt primeert flow pa 14 I/min producerer GVV-unitten 42 °C varmt brugsvand 12
sekunder efter at 50 °C varmt fiernvarmevand nar terminalerne pa unitten. Gentages
tapningen 5 minutter efter, kan 42° C varmt vand leveres efter 7 sekunder. Medregnes
forsinkelse pa fiernvarmesiden (primeer side) pa 10 sekunder og transporttiden frem til
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tappestedet pa brugsvandssiden (sekundaer side) pa 1,2 sekunder fas en samlet ventetid
pa naesten 24 sekunder, hvis der ikke anvendes bypass. Beregningerne er baseret pa
layoutet i Lystrup.

Med et bypass reduceres ventetiden og en undersggelse af disse forhold vil fremadrettet
blive foretaget med en numerisk model, da det er vigtigt at kende grenserne for
yderligere optimering af GVV-unitten.

Folgende anbefalinger gives for det videre arbejde:

GV V-unitten fungerer og med gode resultater. Alligevel kan dens prastationer forbedres
ved hjeelp af komponenter der er optimeret specielt til lavtemperaturfjernvarme.

Veksleren og dens hydrauliske forbindelse kan forbedres ved yderligere optimering.
Ventetiden kan reduceres ved at reducere antallet af plader og dermed vandindholdet i
veksleren. Det vil umiddelbart resultere i lidt hgjere tryktab. Pa den anden side kan
hajere hastighed i veksleren og dermed bedre varmeovergang kompensere for det mindre
overfgringsareal.

Brug af by-pass flow pa en mere energieffektiv made bgr undersgges. En mulighed kan
veere at bruge by-pass flow for temperering af gulvet i badeveerelser med gulvvarme eller
i stedet for by-pass at bruge en booster-pumpe.

Det foreslas at isolere varmeveksleren eller hele unitten for at mindske varmetabet fra
GVV til omgivelserne og for i nogle tilfeelde ogsa at reducere ventetiden.

Marek Brand vil kigge neermere pa nogle af disse muligheder i sit Ph.D-projekt.

4.5 Varmebehov og pumpeeffekt

Enrimelig vurdering af faktisk varmebehov i lavenergibyggerier vigtig i forhold til at
kunne dimensionere installationer og ledningsnet, sa forbrugernes gnske om komfort kan
tilfredsstilles, uden at det betyder ungdvendigt store dimensioner og sikkerhedsfaktorer, men
ogsa i forhold til driftsgkonomi for fjernvarmeveerket ved tilslutning af lavenergibyggeri.

Varmebehovet kan beskrives med en energisignatur, der viser effektbehovet som funktion af
udetemperaturen. Varmebehovet er ogsa afhengigt af rumtemperaturen og der er en szrlig
stor afhengighed i lavenergibyggeri. Derfor er rumtemperaturen aftastet i kekken-alrum i 19
boliger i maleperioden. Udetemperaturen og rumtemperaturen er vist i figur 28.
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Figur 28 Udetemperatur samt rumtemperatur i kgkken-alrum som ugemiddeltemperaturer pr. uge i
maleperioden

Fyringssaesonen starter i uge 39. Det ses, at rumtemperaturen i fyringssaesonen i gennemsnit
ligger pa 23-24°C for de 19 boliger. Det er overraskende hgjt og veesentligt over den
temperatur pa 20°C, der normalt er dimensionerende og over de 22°C, som er anvendt som
grundlag i dette projekt. I uge 47 blev det meget koldt med en ugemiddeltemperatur ude pa
—1,9°C uden at det tilsyneladende har betydet noget for rumtemperaturen. Varmemesteren
har desuden bekreeftet, at der ikke har veeret klager fra beboerne over manglende varme.

Pa baggrund af maledata fra perioden uge 26-47 er der beregnet en gennemsnitlig
energisignatur for de 22 boliger, se figur 29. Energisignaturen deekker én gennemsnitlig
bolig. | sommersasonen er den gennemsnitlige effekt bestemt til 108 W, som daekker
varmebehov (gulvvarme mv.) og varmetab fra installationer . Forbrug af varmt brugsvand er
altsa ikke medregnet i signaturen og skal leegges til serskilt. Ved -12 °C ude beregnes et
varmebehov inkl. tab fra installationer pa ca. 2,2 kW, hvor der ved udlegning af
ledningsnettet for FVB-unitten er regnet med et varmebehov pa 2,4-2,8 kW afhaengig af
lejlighedernes starrelse (varmebehovet pa 2,4-2,8 kW er beregnet med udgangspunkt i
udetemperaturer igennem aret jf. Design Reference Year - DRY).
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Figur 29 Gennemsnitlig energisignatur for varmebehov pr. bolig inkl.
varmetab fra installationer.

Tilsvarende er der beregnet en energisignatur for boosterpumpen, se figur 30.
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Figur 30 Energisignatur for optaget effekt for booster pumpen

Begge signaturer vil blive anvendt i afsnit 6 til vurdering af bebyggelsens fjernvarmeforbrug
og ledningstab pa arsbasis
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5 Samtidighed

5.1 Diskussion af metode

Regnevarket i de anvendte Kamstrup-malere fungerer saledes at veerdierne for flow og
effekt er baseret pa 10 sekunders middelveerdier. Temperaturerne er dog gjebliksveerdier.
Dermed kan de loggede veerdier for flow og effekt betragtes som gjebliksveerdier. En for
projektet vaesentlig tapning er typisk langt over 10 sekunder, derfor vurderes det, at
veerdierne repreesenterer maksimalveerdierne.

Der samples 1 gang. pr. 4 minutter. Dvs. hvert fierde minut har vi en gjebliksmaling pa
systemet. Tidsintervallet mellem malingerne kan statistisk opvejes med et gget antal
samples, dvs. perioden der males over. Er denne periode lang nok vil maksimalveerdierne
veere realistisk repraesenteret. Datagrundlaget i denne undersggelse streekker sig over uge 24
til 38, eller svarende til ca. 38.000 gjebliksveerdier.

Metoden for beregning af samtidighederne er baseret pa at finde de sterst forekommende
varmeforbrug pr. bolig for en gruppe af n boliger. Til dette formal er primereffekt "e” og
flow ”q” analyseret for de 11 FVB units ogde 11 GVV units i sommer perioden, hvorfor
indflydelsen fra varmekredsen, baseret pa gennemgang af malingerne, er vurderet at veere
uden betydning.

5.2 Metode

Grundprincippet iaggregeringsmetoden er at finde den maksimale e(n), hhv. g(n) for et
givet tidsstempel over maleperioden. For e(2) er princippet vis i nedenstaende figur 31:

Tidsstempel:  PL[KW] P2[kW] P3[kW] PA[KW] P.[kW] PLL[KW]  e@)=3Pmax(2)/2 [KW]
12 7

Omin 0 4 0 95

4 min 2 8 9 4 . 0 85

8 min 5 2 0 10 . 12 11.0

12 min 2 0 6 10 . 5 8.0

luge 4 5 0 9 . 7 80
hele perioden . .

Figur 31 Grundprincippet for aggregering af samtidigheds data

Af figur 31 ses, at den maksimale effekt af 2 forbrugere, e(2), forekommer til tidsstemplet 8
min. Effekten er fremkommet pa basis af bolig 4 og bolig 11. Beregnes e(3) kan
maksimalveerdien fremkomme til et andet tidsstempel samt ien kombination af 3 andre
boliger. Vigtigt her er, at maksimalveerdien e(n) baseres pa et givet tidsstempel, hvor
maksimalveerdien, e(n), set over tidsperioden forekommer.

| dataveerdierne skal der skelnes mellem om der er tapning, hhv. ladning af FVB, eller ikke.
Der er dertil valgt teerskelveerdier for effekt og flow som filter herfor. Det skal erindres, at
unitten har et varmeholdningstab samt at der kan veere et mindre varmebehov til
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gulvvarmekredsen. De maledata der er tilbage, vil repreesenterer tapning eller ladning af
flernvarmebeholder og benaevnes filtrerede data.

Teerskelveerdierne er fremkommet som et kompromis ved at analysere datahistorien for flow
hhv. effekt for de enkelte boliger. Veerdierne er generelle for alle FVB unit og alle GVV
units. Flg. verdier er bestemt som teerskelveerdier:

FVB: g min =40 I/hr, P min=500W
GVV: g min=100 I/hr, P min=500W

Maledata under disse vaerdier bliver saledes i princippet sorteret fra. De antages ikke at vaere
i relation til brugsvandsforbruget.

At anvende de maksimalt forekommende veerdier over hele perioden kan give ungdvendigt
heje samtidighedskurver. Disse kurver reprasenterer siledes “worst case” netbelastning
over hele maleperioden. I denne analyse er valgt at acceptere at der i 1% af tilfeeldene (af
gruppen af filtrerede maledata) statistisk set sker en overskridelse af samtidighedskurverne
under forudszetning afat der er tapning eller ladning af fjernvarmebeholderen. Formuleret
lidt anderledes, sa er der 1% sandsynlighed for at den naste datalogning pa e(n) eller q(n)
overskrider de her forslaede samtidighedskurver, under forudsetning af at der er éneller
flere brugsvandstapninger eller ladninger af fjernvarmebeholdere igang. Hvis det ultimativt
antages, at der er brugsvandsforbrug i alle degnets 24 timer sa svarer det til, at der ma
forventes et hgjere forbrug end 1% fraktilen i 24*60*0.01 = 14.5min eller ca. 15 min pr.
daegn.

Fordelingkurve af effekter, 1% fraktil
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Samdsynlighed [-]
o
o

0 5 10 15 20 25 30 35
Brugsvandseffekt [kW]

Figur 32 Principiel fordelingskurwe af effekter, 1% fraktil indtegnet

Ovenstaende fordelingskurve, se figur 32 falger typisk Poisson fordeling.

Indledningsvis er dog angivet eksempler pa samtidighedskurver for maksimalveerdierne for
effekt og flow. Dette svarer til, at der er anvendt en fraktil = 0%. Kurverne er optegnet for
en tidsperiode pa en uge af gangen.
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Figur 33 Samtidighedskurwer for effekt, FVB units, maksimal veerdier 0% fraktil
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Figur 34 Samtidighedskurwer for flow, FVB units, maksimal veer dier 0% fraktil

Af figur 33 0g 34 fremgar, at der er effekt og flow “samtidighed” for FVB unitten op til 6 til
7 forbrugere. For n hgjere ses at kurverne er parallelle med de rgde stiplede linjer, hvilke
repraesenterer funktionen 1/n, og har heeldningen -1 i det dobbelt logaritmiske diagram. At
der ikke er storre “samtidighed” for hgjere veerdier, er et resultat af, at der i nogle boliger er
et meget lavt brugsvandsforbrug, hvorfor de ikke bidrager til maksimaleffekten, og resultatet
er at samtidighedskurven aftager med heeldningen -1, eller efter funktionen 1/n for n> 6 til
7.

Maksimalveerdien for FVB effekt e(1) er at finde i uge 25 og antager ca. 10 kW.
Maksimalvaerdien for FVB flow q(1) er at finde i uge 24 og antager veerdien ca. 320 I/hr.
Disse veerdier er langt hgjere end forventet. Efterfalgende er flowbegraenserne efterindstillet,
effekten heraf ses i uge 37 og 38. Mere retvisende maksimalveerdier er her at se some(1) =
4.3 KW. Men for flowkurverne i disse uger er maksimalflowet stadig hgjt og er q(1) = 230
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I/hr. Her skal erindres, at en enkelt maksimalvaerdier nok til at flytte verdien op. Malet er at
opna et maksimalt flow pa 100 I/h for fjernvarmebeholderladning.

G, Group power per residence
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Figur 35 Samtidighedskurer for effekt, GVV units, maksimal veerdier 0% fraktil

GWY Flow. Group power per residence

Flow [L/h]

—F— Waek 24
| ——"Week 25
Week 20

Week 27
—+—eek 25
oo| e Week 29 4
Wieek 30
-] —8— wWesk 31
| ——week 32

______________

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Murber of residences

10’ 10

Flaw [L/h]

G Flow. Group power per residence

____________

____________

__________________

Dij

10’ 10
Mumber of residences

Figur 36 Samtidighedskurwer for flow, GVV units, maksimal veerdier 0% fraktil

Af figur 35 0g 36 fremgar at der er effekt og flow “samtidighed” for GVV unitten op til 2
forbrugere. I en del af ugerne er der faktisk ingen “samtidighed”, hvilket igen ses afde rette
linjer, parallelle med de stiplede rgde linjer.

Maksimalvaerdien for GVV effekt, e(1), er at finde i uge 29 og antager 24,3 kW. Denne
vardi er lavere end den i normen foreskrevne verdi pa 32,3 kW. Maksimalvardien for
GVV flow, q(1), er at finde i uge 34 og antager veerdien ca. 850 I/hr. Denne veerdi er
tilsvarende ogsa lavere end forventet. Ift. DS439 vandnormen, som kraever 32,3 kW, ved
f.eks. et temperatur set pa (60-25°C), bliver primeer flowet 800 I/hr. Dette giver en farste
indikation pa, at hvis lavtemperaturfjernvarme anvendes, sa er de dimensionerende flow
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baseret pa disse malinger i samme starrelsesorden, som hvis der var anvendt normale
dimensionerende fjernvarmetemperaturer.

Sammenlignes FVB unit kurverne med dem for GVV, sa ses der ved n=7, hvor ogsa FVB
kurven bliver retlinjet, at q(7) = ca. 100 I/h for FVB unitten, hvor q(7) er ca. 130 for GVV

unitten. Idet kurverne har samme heeldning kan det herfra konkluderes at fra 7 forbrugere og

op til 11 forbrugere belaster GVVV unitten nettet med en ca. 30% hgjere hydraulisk
belastning. For sterre antal forbruger giver denne undersggelse isagens natur ingen svar.
Det erindres, at der er et antal FVVB units der har meget lavt brugsvandsforbrug i denne
maling, samt at dette baserer sig pa 0% fraktilen.

Brugsvandsmgnstrene er optegnet i 3-dimensionelle kurver for effekt og flow som funktion

af tiden pa dagen og ugedagen. Se herfor Appendiks 3. For gruppen af forbrugere er det
konstateret at:

Maksimaleffekten for F\VVB er 17.5 kW for 10 forbrugere
Maksimalt flow for FVB er 790 I/h for 10 forbrugere

Maksimaleffekten for GVV er 37 kW for 10 forbrugere
Maksimalt flow for GVV er 1180 I/h for 10 forbrugere

Resultater for samtidighed ved anvendelse af 1% fraktilen er vist i tabel 6:

(1%fraktiler)  Bolig Effekt Bolig How

[kw] [I/hr]

PVBunits  e(1),1% 1 47 q(1),1% 10 152
e(10)1%  JAlle/10 1.0 q(10),1% >Alle/10 53

(1% fraktiler) Bolig Effekt Bolig How

[kw] [I/hr]

GWunits  e(1),1% 22 243 q(1),1% 22 690
e(10),1%  Alle/10 19 q(10),1% >Alle/10 65

Tabel 5 % fraktiler e(1), e(10), samt for flow, q(1) og g(10). For bade FVB og GVV
er en forbruger taget ud grundet fejl i datasaettet.

For ovenstaende tabel er alle dataveerdier anvendt, ogsa de der for FVB er fra for
efterindstilling. Derfor skal veerdierne for FVB kun betragtes som en oplysning, uden
direkte at have indflydelse pa de foreslaede samtidighedskurver.

De kumulative sandsynlighedskurver der ligger til grund for verdierne i ovenstaende
tabeller er indeholdt i Appendiks 3.

5.3 Samtidighedsfaktor for lavenergifjernvarme til
lavenergibyggeri baseret pa malingerne i Lystrup

Tages udgangspunkt i ovenstaende resultater for FVB og GVV ved anvendelse af 1%
fraktilen, og sammenlignes dette med tidligere arbejde fas resultat pa figur 37:
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Figur 37 Samtidighedskurwer for effekter, FVB units og GVV units,1% fraktil

Det skal bemeerkes, at vaerdierne forskellig fra n=1 og n=10 for Lystrup er vurderet pa basis
af kurverne for 0% fraktilerne. Disse er saledes kun indikative, og er ikke baseret pa en
egentlig fraktilberegning.

Kommentar til GVV:

Punktet for e(1) for GVV ligger lavere end tidligere arbejde, men dette skal ses i forhold til
boligtypen. Det er dog veerd at bemeerke, at for over 2 forbrugere falder kurven markant.
Her afviger data’erne tydeligt ift. tidligere arbejde. Der er i Lystrup ikke samme grad af
sammenfald som idet tidligere arbejde, grundet kortere, sjeldnere og mindre tapninger.

Kommentar til FVB:

Punktet e(1) for FVB unitten kunne i princippet ligge lavere hvis flowregulatorerne var
stillet ens pa 100 I/hr. Dette ma gares fremadrettet. Derudover er det at bemarke, at ogsa for
FVB falder kurven relativt stejlt for over 6 forbrugere. Dette skyldes, at ladningen stadig er
relativt kort (ca. 3.5 timer i dggnet), og at varmtvandsforbruget er lavt.
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6 Ledningsnet
Overordnet set har ledningsnettet mindre dimensioner i omradet med fjernvarmebeholdere

(FVB) end omradet med gennemstramvekslere (GVV). Dette skyldes primeert forskellige
samtidighedsfaktorer samt vandnormens krav til GVV-effekt (32,3 kW).

| det falgende vil malte verdier fra ledningsnettet blive sammenlignet med beregnende
vaerdier fra designfasen. Herunder vil der veere speciel fokus pa:

e Ledningstab (malt ledningstab kontra beregnede ledningstab)

e Ledningstab (fjernvarmebeholder kontra gennemstramningsvekslere).

e Hydraulik (malt samtidighed og flaskehalse kontra beregnede/antagede
verdier).

o Arsberegning for ledningstab (skaleret méling kontra beregning).

6.1 Ledningstab

Indsamling af data har primeert vaeret muligt fra de 2 delomrader med hhv. 11
gennemstrgmsvekslere og 11 fiernvarmebeholdere. | det falgende sammenlignes malte og
beregnede vardier for de 2 omrader. De to omrader som sammenlignes er illustreret i figur
38 herunder:

=

Figur 38 Kort medillustration af de 2 omréader som primaert sammenlignes i analysen af lednings tab.
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6.1.1 Fjernvarmebeholderunit

Omradet med fjernvarmebeholdere har mindst ledningsdimensioner og dermed det mindste
varmetab. Varmetabet sammenlignes i det falgende pa varmetab pr. uge, men data er
indsamlet med intervaller pa ned til 4 minutter. Malt varmetab fra uge 26-47 sammenlignes i

folgende figur 39 med varmetab beregnet ved jordtemperaturer pa hhv. 8 og 10 grader (uge
47 udgar pga. malefejl):

Varmetab ledningsnet, 11 boligere med FVB

180 4
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=
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=
&
@ 100
=
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Figur 39 Malt varmetab kontra beregnet varmetab i ledningsnet pr. uge i ledningsnet med 11
fjernvarmebeholdere (156 tracé m ledninger).

Overordnet set stemmer malte og beregnende veerdier meget godt overens. Erfaringsmeessigt
kan det malte ledningstab i fiernvarmenet vaere ca. 20% hgjere end det teoretisk beregnede,
men det er ikke tilfeldet i Lystrup. Arsagen er bl.a. at der har veeret stor fokus p& beregning
af varmetab idesignfasen. I Figur 39 er der illustreret beregnet varmetab for 2 forskellige
jordtemperaturer pa hhv. 8 (gverst) og 10 °C (nederst) kontra malte verdier fra uge 26-46. |
uge 26-46 vil jordtemperaturen istarten (om sommeren) typisk veere hgjere end 10 °C og til
slut (om vinteren) typisk veere lavere end 8°C, hvilket ogsa indikeres af resultaterne i
figuren. Jordtemperaturen er ikke malt i omradet hvorfor den helt preecise sammenligning af
malte og beregnede veerdier ikke kan finde sted.

Delkonklusionen er at varmetabet til omradet med fjernvarmebeholdere er meget lavt og
lever op til antagelser gjort i designfasen.
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6.1.2  Unit med gennemstrgmningsvandvarmer

Omradet med gennemstrgmningsvandvarmer har marginalt starre ledninger end omradet
med flernvarmebeholdere. Derimod er varmetabet fra selve fjernvarmebeholderunitten stgrre
end fra unitten med gennemstrgmningsvandvarmer. GVV-unitten er desveerre installeret,
saledes at der i teknikrummet er et betydeligt stykke uisoleret rar far fijernvarmemaleren.
Dette betyder et ungdigt "ledningstab” far fjernvarmemaler, som der i sammenligning af
varmetab bar korrigeres for. Det skal understreges at rgrfgring til FVB units er isoleret
korrekt helt frem til unit. For at lave en fornuftigt sammenligning af mélte og beregnende
veerdier, er der lavet en korrektionsfaktor som skal kompensere for varmetab fra det
uisolerede rarstykke til GVV-unit. Der er vurderet at det uisolerede ragrstykke har et
varmetab pr. uge pa ca. 7 kWh pr. bolig, se Appendiks 4. Da teknikrummet ikke er i direkte
forbindelse med resten afboligen ses der bort for udnyttelse af varmetabet til
rumopvarmning.

Malt varmetab og malt korrigeret varmetab fra uge 26-47 sammenlignes i figur 40 med
beregnet varmetab ved jordtemperaturer pa hhv. 8 og 10 grader:

Varmetab ledningsnet, 11 boligere med GVV
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150 7 B Malt varmetab
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100 H - (. - Beregnet varmetab
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== Beregnet varmetab
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Figur 40 Malt varmetab og malt korrigeret var metab kontra beregnet varmetab i ledningsnet pr. uge i
ledningsnet med 11 gennemstrgmningsvandvar mere (153 tracé m ledninger).

Den dynamiske forskel mellem malt "korrigeret™ varmetab og beregnet varmetab har samme
forleb for GVV som for FVB. Forskellen i starten vurderes ogsa i dette tilflde at vaere en
forskel i jordtemperatur der ikke er malt. | Figuren er der illustreret beregnet varmetab for 2
forskellige jordtemperaturer pa hhv. 8 °C (gverst) og 10 °C (nederst) kontra malt
"korrigeret" og malte veerdier fra uge 26-47.

Der er betydelig forskel (77 kwWh pr. uge) pa malt varmetab og malt "korrigeret” varmetab.
Dette er mellem 30 0g 50 % forggelse af varmetabet fra hele ledningsnettet pga. ca. 3 m
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(2x1,5 m) uisoleret rar i teknikrummet. Der er i sagens natur nogen usikkerhed forbundet
med korrektion pa baggrund af beregnet varmetab, men resultaterne indikerer hvor vigtigt
det er, at isoleringen af rgr fares hele vejen frem til unit /fijernvarmemaler for at undga
ungdigt varmetab — ikke mindst i lavenergibyggeri.

6.1.3 Fjernvarmebeholderunit kontra unit med gennemstrgmingsvandvarmer
Varmetab for de to delomrader med hhv. fjernvarmebeholdere og gennemstramsvekslere er
vist sammen pa figur 41. Forskellen kan direkte sammenlignes da tracéleengder i de 2

omrader er ens. | omradet med fjernvarmebeholderen er der 156 m tracé og i omradet med
gennemstrgmningsvandvarmere er der 153 m tracé.

Varmetab ledningsnet, FVB vs. GVV
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Figur 41 Varmetab pr. uge fra et omrade med 11 GVV kontra varmetabet pr. uge fraet omrdde med 11
FVB.

Varmetabet fra de to omrader er stort set ens. Marginalt sterre i GVV omradet hvor
dimensioner er lidt starre. Til gengeeld er der i FVB lgsningen et betydeligt starre tab fra
selve fijernvarmeunitten end der er i omradet med GVV.

Delkonklusionen er at ledningstabet fra et omrade med fiernvarmebeholdere er marginalt
mindre end i et omrade med gennemstrgmningsvandvarmere. Inkluderes varmetabet fra
units vil varmetabet i omradet med fijernvarmebeholdere samlet set veere det sterste. Dette er
i ensituation hvor alle units med gennemstrgmningsvandvarmer er forsynet med et
termostatisk omlgb, der holder minimum fremlgbstemperatur pa ca. 35 °C ved unitten om
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sommeren. | omrader med begreensninger i nettet fx yderomrader vil units med

flernvarmebeholdere til gengeeld have nogle hydrauliske fordele.

6.2 Hydraulik

I design af ledningsnet er samtidighedsfaktoren af stor betydning. | de fglgende figurer 42
0g 43 kan der ses en simpel sammenligning af antaget samtidighedsfaktorer og malte

samtidighedsfaktorer:

Samtidighed GVV, malt vs. design
1
0,9 \\
= 08 \
S 07
S 06
':gn 0'4 AN
h-] ol3 N S~
L 2 \
£ 02 N
= \
0,1 —_—
0
1 2 3 4 5 6 7 8 9 10
Antal boligere [stk]

Malt samtidighed [-]

Design samtidghed** [-]

Figur 42 GVV samtidighed, design kontra malte veerdier - design fra [5]

GVV er en kendt teknologi og den malte samtidighed stemmer stort set overens med
antagede samtidighedsfaktorer i designfasen. Tendensen er, at den malte samtidighed er
mindre end samtidighed benyttet i designfasen. Ud fra den malte samtidighed kan der
konkluderes at rarene "efter” 3 boliger kunne veere designet marginalt mindre.

Samtidighedsfaktoren ovenfor er korrigeret mht. effekt. Sammenlignes antaget effekt til

design og malt effekt ser samtidigheden saledes ud:

GVV brugsvandseffekt, malt vs. design

35
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o 1\

N
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Effekt [kwW]

Antal boligere [stk]

Design effekt

Malt effekt

Figur 43 GVV brugsvandseffekt pr. bolig som som funktion af antallet af boliger, design kontra malte

veerdier — design fra [5]

\\Loc aldom. net\ti folders\Projects\P1373043_EUDPO8-11 - Lystrup Fjernvarme\Task 2 Leerkehaveni Lystrup\LavEByg Lystrup - Delrapport 2 - Final Report.doc

66



Designeffekten for én bolig er 32,3 kW som kraevet af vandnormen, men figuren viser at
maksimum malte effekt er pa ca. 24 KW i Lystrup. Det betyder at alle stikledninger til GVV
i Lystrup potentielt kunne veere lidt mindre. Dog er det sveert at generalisere da maksimum
effekten afheenger af de enkelte brugsinstallationer iboligerne (store badekar m.m.)

Fjernvarmebeholderen er en ny teknologi og samtidigheden blev ngje vurderet i designfasen.
Teoretisk set bar samtidigheden nerme sig 1 da hele konceptet ved beholdere er udjseevning
af flow. Dog har det vist sig at veere en tilnermelse og samtidigheden er ikke helt 1 som det

fremgar i afsnittet omkring samtidighed.

Delkonklusionen er at ledningsnettet i omradet med GVV karer som forventet ud fra et
hydraulisk synspunkt. Dog er den malte maksimum effekt pa 24,3 kW mod en antaget
design effekt pa 32,3 kW. Ledningsnettet til omradet med FVB units karer ikke helt som
forventet i designfasen. Ladeperioderne er vesentligt kortere end antaget. Dog forventes det
ikke at have den store indflydelse ien hydraulisk maksimum belastning. | designfasen er der
udset to hydraulisk kritisk ruter til hhv. den yderste forbruger med GVV og den yderste
forbruger med FVB. Ud fra malingerne kan der konkluderes, at den hydraulisk kritiske rute i
nettet bliver fra hovedcentralen (fee lleshus) til den sidste FVB kunde.

6.3 Arsberegning

Varmetabet fra ledningsnettet pa arsniveau beregnes pa baggrund af varighedskurven opdelt
i 8 repraesentative intervaller. De samme intervaller benyttes til at beregne boligernes arlige
varmeforbrug sammen med energisignaturerne praesenteret iafsnit 4.5. Den felles
boosterpumpes arlige elforbrug beregnes ligeledes ud fra energisignaturerne praesenteret i
afsnit 4.5. Resultaterne fremgar af tabel 7:

Samlet Total VT total [Temperatur-| Pumpe Pumpe [Bypass flow af samlet
Pr. bolig effekt Varighed | energiforbrug energi seet effekt [Jordtemp.| energi flow

[kw] [kw] [timer] [kwh] [kwh] [°C] [kw] [°C] [kwh]
2,8 116 8 931 56 55/30 1,0 1,0 8
2,5 103 19 1.960 129 55/30 0,9 2,0 17
2,1 86 111 9.571 722 55/30 0,8 4,0 84 -
15 62 653 40.734 3.983 55/30 0,6 6,0 362 ja
1,1 46 1.724 78.814 10.172 55/30 0,4 8,0 716 ja
0,9 35 1.399 49.562 8.254 55/30 0,3 8,0 461 ja
0,5 20 1.565 30.805 8.764 55/30 0,2 10,0 310 ja
0,2 8 3.281 25.694 17.061 55/30 0,2 12,0 627 ja

SUM 8.760 238.070 49.141 2.585

Leveret energi 287.211 kWh

Energi forbrug 238.070 kWh

Varmetab 49.141 kWh

Varmetab 17,11 %

Pumpe energi 2.585 kWh

Tabel 6 Beregning af varmetab pr. ar for hele omréadet medi alt 41 forbrugere.

Varmetabet estimeres samlet set til 49.141 kWh/ar, hvilket ved et forventet forbrug pa
238.070 kWh/ar giver et varmetab pa ca. 17 %. Havde samme ledningsnet veeret udlagt med
et "standarddesign” med enkeltrar, et temperatursaet pa 80/40 m.m. er det beregnede
varmetab ca. 200.000 kWh svarende til et varmetab pa 41 % i forhold til den totale meengde
energi leveret ind pa nettet. Det er vigtigt at understrege at angivelsen af varmetab i procent
ikke kan sta alene. Det er ngdvendigt samtidigt at opgive hvilken type byggeri, der forsynes
fx lavenergibyggeri. Ses pa det faktiske tab fra ledningsnettet pa energiniveau reduceres det
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i Lystrup til ca. 1/4 af det et standardsystem har. Til gengeeld fas et mindre energiforbrug til
den feelles boosterpumpe.

Pumpenergien er groft estimeret i designfasen hvor effekten til pumpen forventes at kare
mellem 0,6 og 1,2 kW. Det har dog vist sig at pumpen kgrer mindre end forventet. Pumpen
kerer mellem 0,2 0g 1,0 kW og forventet pumpeenergiforbrug pa arsbasis er 2.585 kWh.

Beregnes fiernvarmeforbruget pr. forbruger fas et arligt estimeret forbrug pa ca. 5,8 MWh
pr. forbruger (238,070 MWh/41), hvis fjernvarmeveaerket ejede ledningsnettet ud til de
enkelte boliger og afregnede dem der. Medregnes varmetabet i ledningsnettet fra
hovedmaler og frem fas et estimeret forbrug pa 7 MWh (287,211 MWh/41) pr. forbruger.
VarmreT:getheden baseret pa ledningsstraekning og grundareal bliver hhv. 0,3 MWh/mog 14
KWh/m*.

Delkonklusionen er, at malt varmetabet for hele ledningsnettet er meget lavt, men pé niveau
med forventet varmetab beregnet i designfasen. Forventet ledningstab i dette
lavtemperaturnet udgar ca. 50.000 kWh/ar. Havde samme ledningsnet veeret udlagt med et
"standarddesign" med enkeltrgr, et temperatursat pa 80/40 m.m. er det beregnende varmetab
ca. 200.000 kWh. Dvs. en reduktion i varmetab til ca. 1/4 afet standard fjernvarmesystem.
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7 Konklusion

Formdlet med demonstrationen i Boligforeningen Ringgardens afd. 34 i Lystrup ved Arhus
var at vise, at de lave varmetab fundet i EFP 2007-projektet ”Lavenergifjernvarme til
Lavenergibyggeri” kan opnas i praksis samt at videreudvikle og finpudse teknologien bag
konceptet. Demonstrationsomradet er en nybygget reekkehusbebyggelse bestaende af 40
boliger og et felleshus i et plan, lavenergibyggeri klasse 1, fordelt pa 7 blokke, som er
opfort i lebet af projektperioden 2009-2010. Der er i boligerne installeret 2 forskellige typer
flernvarmeunits, dels den i det tidligere EFP-projekt udviklede fjernvarmebeholderunit, dels
units med lavtemperaturtilpasset gennemstramningsvandvarmer. Udover malinger af
fiernvarmeunits og ledningsnettets effektivitet var det ogsa formalet at undersgge forhold
omkring samtidighed.

Projektet har fulgt byggeriets opfarelse, hvor konceptet indledningsvist er blevet
implementeret i bebyggelsen og hvor maleudstyr til dokumentation er specificeret og
installeret. Beboerne flyttede ind i perioden januar-april 2010 og den egentlige
demonstrationsperiode startede islutningen af juni og forlgb frem til slutningen af november
2010 (uge 26-47). Boligerne er beboet af fortrinsvis &ldre uden bgrn eller med familier med
sma barn.

Generelt har demonstrationen vist at konceptet virker. | det fglgende vil resultaterne for
forbrug og anlegstemperaturer, samtidighed samt ledningstab og pumpeenergi blive
gennemgaet, men den vigtigste indikator er maske beboernes reaktion. Lige efter
demonstrationsperioden var der en meget kold periode med temperaturer ned til -10°C, hvor
konceptet virkelig blev testet, men alt virkede som forudsat og varmemesteren kunne
bekreefte, at der ingen klager har vaeret over manglende varme eller varmt vand.

7.1 Demonstration af forbrug og anlaegstemperaturer

Fjernvarmeforbruget hos den enkelte forbruger er malt og kombineret med malinger af
rumtemperaturen i enkelte boliger er det bekraeftet, at det er rimeligt at antage en
rumtemperatur pa mindst 22 °C ved beregning af varmebehov. En energisignatur for
varmebehovet pr. bolig er udviklet og anvendt til at estimere arsforbruget. Hvis
fiernvarmeveaerket ejede ledningsnettet ud til de enkelte boliger og afregnede der fas et arligt
estimeret forbrug pa ca. 5,8 MWh pr. bolig. Medregnes varmetabet i ledningsnettet fra
hovedmaler og frem fas et estimeret arsforbrug pa 7 MWh pr. bolig. Det giver en
varmetaethed baseret pa ledningsstreekning og grundareal pa hhv. 0,3 MWh/mog 14
kWh/n?, hvilket er lavt, men er over de graenser som normalt foreslas for rentable lasninger
[10].

Fjernvarmetemperaturerne er registreret hos alle forbrugere og viser at det er muligt at
levere en fremlgbstemperatur pa mindst de forudsatte 50°C med en fremlgbstemperatur fra
blandeslzjfen pa ca. 56°C. Returtemperaturerne varierer, men ligger generelt i omradet lige
under 30°C for units med gennemstrgmningsvandvarmer (GVVV) og lige under 35°C for
fjernvarmebeholderunits (FVB). Der har vaeret tekniske problemer med enkelte units som
lebende er blevet udbedret, men for begge unittyper er returtemperaturen hgjere end
forventet. Der er derfor et potentiale for at forbedre afkglingen yderligere med trimning og
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mindre designaendringer. Malingerne viser ligeledes at radiatoranlkegget fungerer og
bidrager til en god afkgling.

Det gennemsnitlige forbrug til varmt brugsvand er malt til 65 liter pr. bolig eller ca. 28
liter/dggn pr. person, hvilket er mindre end normalt, men skal ogsa ses i forhold til
beboernes sammensatning, som er fortrinsvis &ldre uden bgrn eller familier med sma bgrn

Detaljerede malinger viser, at der kan leveres varmt brugsvand ved en temperatur pa 3°C
under fjernvarmefremlgbstemperaturen, fx 47 °C ved en fiernvarmefremlgbstemperatur pa
50°C. | maleperioden er der er opnaet gennemsnitlige varmtvandstemperatur pa mellem 40-
45°C. Det kan bl.a. forklares ved, at det for korte tapninger typisk ikke vil veere muligt at na
maksimumtemperaturen pa grund af ventetid. For FVB-unitten ligger desuden en
begreensning i beholderens kapacitet, som betyder, at fremlgbstemperaturen falder
efterhanden som beholderen ta mmes.

Generelt har sammenligningen af unittyper vist, at den lavtemperaturtilpassede GVV-unit er
teet pa markedet, hvor der for FVB-unitten stadig er brug for flere justeringer for at komme
fra prototype til ferdigt produkt.

7.2 Demonstration af samtidighed og analyse af
samtidighedsfaktorer

Med input fra mere end 38.000 gjebliksveerdier for flow og effekt er der lavet et starre
analysearbejde for at undersgge samtidigheden for hhv. GVV-units og FVB-units. Der er
udarbejdet kurver for samtidighedsfaktoren op til 10 forbrugere. Faktoren, e(1), svarende til
den beregningsmeessige effekt, hvis der kun skal forsynes en forbruger er bestemt til 4,7 kW
for FVB-units og 24,3 kW for GVV-units. Punktet for e(1) for GVV ligger lavere end
tidligere arbejde og de 32,3 kW, der normalt dimensioneres for, men dette skal ogsa ses i
forhold til boligtypen. Det er dog veerd at bemeerke, at for flere end 2 forbrugere falder
kurven markant. Her afviger data tydeligt i forhold til tidligere arbejde. Det kan forklares
med, at der i Lystrup ikke er samme grad af sammenfald grundet kortere, sjeldnere og
mindre tapninger. Punktet e(1) for FVB unitten kunne iprincippet ligge lavere hvis
flowregulatorerne var stillet ens pa 100 I/h. Dette ma gares fremadrettet ligesom det skal
overvejes om flowet skal reduceres yderligere, de forholdsvis sma varmtvandsforbrug taget i
betragtning. Endelig skal det bemeerkes, at ogsa for FVB falder kurven relativt stejlt for over
6 forbrugere. Dette skyldes, at ladningen stadig er relativ kort (ca. 3.5 timer i dggnet), og at
varmtvandsforbruget er lavt.

Analyserne peger frem mod, at der til dimensionering af fjernvarmesystemer er brug for et
meget bedre grundlag for samtidighed og at der i fremtiden i langt hgjere grad ber tages
hensyn til boligtyper, brugsvandsforbrug og installationer for at fa etableret optimale
systemer.

7.3 Demonstration af ledningstab og elforbrug til boosterpumpe

Det malte varmetab for hele ledningsnettet er meget lavt, men pa niveau med forventet
varmetab beregnet i designfasen. Forventet ledningstab i dette lavtemperaturnet udger ca.
50.000 kWh/ar. Havde samme ledningsnet veeret udlagt med et traditionelt design med
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enkeltrgr og et temperaturset pa 80/40°C ville det tilsvarende beregnede varmetab vere ca.
200.000 kWh. Det vil sige at varmetabet i forhold til et traditionelt fjernvarmesystem
reduceres til ca. %2 med det udviklede koncept. Pa den anden side fas et mindre gget
elforbrug til boosterpumpning estimeret til ca. 2600 kWh om aret.

Sammenlignes afgreninger med hhv. GVV-units og FVB-units er ledningstabet fra et
omrade med FVB-units kun marginalt mindre end fra et omrade med GV V-units. Inkluderes
varmetabet fra units vil denne forskel udlignes og med den nuveaerende FVB-prototype
faktisk betyde at varmetabet i omradet med fjernvarmebeholdere samlet set bliver starst.

I omrader med begraensninger i nettet fx yderomrader vil FVB units til gengeeld have nogle
hydrauliske fordele og fremadrettet vil FVB-unitten formentlig kunne isoleres veesentligt
bedre.

7.4 Videreudvikling og nye anvendelser

Et nyt projekt bevilget under EUDP 2010-11 programmet skal bringe konceptet et trin videre
og udvide udbredelsespotentialet markant. | det nye projekt, er det valgt at fokusere pa
implementering i eksisterende byggeri, der udger langt starstedelen af bygningsmassen. En
starre del af det eksisterende byggeri har allerede fjernvarme, men i takt med, at
renoveringer af ledningsnet er det oplagt at se pa mulighederne for at etablere
lavtemperaturfjernvarme. Varmetabet reduceres markant pga. bedre fjernvarmerer og ikke
mindst den lavere temperatur, der ogsa i hgjere grad giver mulighed for at anve nde
vedvarende energi i flernvarmesystemet. Til demonstration i eksisterende byggerier udpeget
et parcelhusomréde i Haje Taastrup og et omrade i Tilst ved Arhus. Derudover vil
demonstrationen i Boligforening Ringardens Afd. 34 fortsatte. | naeste trin skal det
nuvaerende stadie af lavtemperaturfjernvarme videreudvikles i form af yderligere optimering
af rar, flernvarmeunits, styringskomponenter etc.
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ABSTRACT

The increasing number of new and renovated buildings
with reduced heating requirements will soon make
traditional District Heating (DH) systems uneconomic.
To keep DH competitive in the future, the heat loss in
DH networks needs to be reduced. One option is to
reduce the supply temperature of DH as much as
possible. This requires a review of the behaviour of the
whole domestic hot water (DHW) supply system with
focus on the user comfort and overall costs. This paper
describes some practical approaches to the implemen-
tation of this Low Energy District Heating (LEDH) con-
cept. It reports on the testing of the dynamic behaviour
of an Instantaneous Heat Exchanger Unit (IHEU) de-
signed for DHW heating and space heating in de-
tached family houses supplied by LEDH ensuring an
entry-to-substation temperature of 51°C. We measured
the time it takes for the IHEU to produce DHW with a
temperature of 42°C and 47°C when the tap is opened.
Measurements were made for control strategies using
internal and external by-pass and no by-pass. Our
results show the importance of keeping the branch
pipe warm if comfort requirements are to be fulfilled,
but this involves higher user costs for heating. To in-
crease user comfort and reduce user costs, we pro-
pose the whole-year operation of floor heating in bath-
rooms, partly supplied by by-pass flow.

INTRODUCTION

District Heating (DH) is a well known concept of provid-
ing buildings with heat for space heating (SH) and
Domestic Hot Water (DHW) heating in economical and
environmentally friendly way. Nowadays, building
regulations have been introduced worldwide and are
pushing to reduce energy consumption in buildings,
because 40% of all energy consumption takes place in
buildings. The energy policy of European Union is
recently focused on energy savings, reducing produc-
tion of CO, and increasing the ratio of renewable ener-
gy [1]. DH is one of the most suitable solutions to
achieve these goals for building sector and it gives
high priority for further development of DH. But nowa-
days used traditional high and medium temperature
DH systems are not optimal solution for the future.
Sooner or later, energy consumption of all buildings
will be in accordance with low energy building regula-
tions and it will form areas with lower heat demand
than nowadays. Currently used DH networks will not

be able supply these areas in economical way, be-
cause the ratio between network heat losses and heat
consumption in buildings would be unacceptable and
thus cost of heat for end users will increase and DH
systems will loose concurrency with other solutions,
e.g. heat pumps. Recently, research in DH is focused
to find the way how to use DH in areas with low energy
buildings and how to increase ratio of heat produced
by renewable sources of energy as solar heat plants or
heat pumps driven by green electricity. One of interest-
ing application of renewable energy in DH is use of
decentralised heat sources as e.g. solar collectors
installed on roofs of individual buildings, supplying heat
to DH network, but it still needs more time and work to
develop new substations and new concept of DH net-
works to be able to handle these new features. The
solution for future development of DH is to reduce heat
losses of DH networks by means of pipes with better
insulation properties e.g. twin pipes, use better con-
cepts of network design (circular network configura-
tion, possibility of using circulation line for main pipes)
and to reduce the supply temperature of district heat-
ing water to lowest level as possible. The District Heat-
ing Systems designed due to this philosophy are called
Low Energy District Heating Systems (LEDH). The
main focus in LEDH system is to reduce heat losses
from network as much as possible, exploit more
sources of renewable energy for heat supply and still
maintain or improve level of comfort for users, because
without high level of comfort this concept can’t be suc-
cessful. LEDH concept was reported e.g. in project
“Development and Demonstration of Low Energy Dis-
trict Heating for Low Energy Buildings [2], where theo-
retical case study documented, that LEDH concept is a
good solution for future and even in sparse housing
areas is fully competitive to heat pumps. This article is
focused on application of LEDH for DHW heating.
Considerations related to use of LEDH for space heat-
ing will be reported in future in another article.
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LOW TEMPERATURE DISTRICT HEATING CON-
CEPT

Reduced risk of Legionella by use of system with
minimal volume of DHW

Since LEDH is mainly developed for low energy build-
ings already designed with low temperature space
heating, the lowest acceptable forward temperature of
LEDH system is defined by requirement for DHW
supply temperature. The hygienic requirement for
heating of DHW is due to recent standards 50°C for
single-family houses and 55°C for multi-storey build-
ings [3] where DHW circulation is used. In case of
using circulation, temperature of recirculated water
should never fall below 50°C. These requirements are
based on need to avoid Legionella growth in DHW
pipes and storage tanks. It is widely believed, that
Legionella grow in temperature range between 46°C -
20°C, in systems with high volume of water. Mentioned
temperature levels are made in order to assure com-
fort and hygienic requirements in furthest tap away
from a heat source. It is important to say, that there is
high level of discrepancy among different results and
national standards focused on Legionella. Due to
German Standard W551 [4], temperature of DHW can
be below 50°C and not cause Legionella promotion, if
total volume of DHW system connected to one heat
source is lower than 3 L. From literature studied, it can
be concluded that requirements to produce DHW with
temperature higher than 50°C are defined for an old
fashion DHW building installations, which can be cha-
racterized as systems with vertical riser, branched
pipes with bigger diameter (increasing water volume of
the system), using DHW circulation. For new and re-
novated buildings, DHW installations are designed in
much better manner, with individual connection of
DHW pipes between each tap and source of DHW and
with maximally reduced pipe diameter, defined by
requirements for noise propagation and pressure drop.
Due literature, danger of Legionella growth in DHW
system is influenced by temperature of DHW, nutrients
in DHW, laminar or turbulent flow in the DHW pipes
and water stagnation [5]. Several on site measure-
ments were performed in buildings using DH for DHW
heating. From results of Martinelli [6] and Mathys [7]
can be concluded, that Instantaneous Heat Exchanger
Unit (IHEU) tend to have much less problems with
Legionella than traditional units with DHW storage
tank. Both studies concluded, that these findings are
caused by the fact that in IHEU, DHW is produced with
temperature 60°C, while in case of storage units only
with temperature 50°C. But is necessary to mention,
that in case of traditional DHW storage tanks, overall
volume of DHW in a system is much higher than in
case of IHEU system. Due to our knowledge, there is
not reported investigation of Legionella in DHW system
using IHEU, producing DHW with temperature below
50°C and reduced volume of the system below 3L.

For single family houses with appropriate close loca-
tion of tapping points, volume of DHW in IHEU and
pipes will be lower than 3 L and thus temperature of
50°C on primary side will not cause Legionella prob-
lems. For multi-storey buildings, district heating subs-
tations for each flat is a state of the art solution [8]. In
this case, each flat has own completely separated
DHW system (with volume of water below 3 L) and

thus has increased users comfort and no huge DHW
systems with circulation, where Legionella is forming
and spreading [9]. The other advantage of using flat
station in multi-storey buildings is individual metering
of each flat and complete control over space heating
and DHW preparation, which is positively affecting
energy savings. With properly designed DHW building
installations, supply temperature of LEDH will be de-
fined by requirements for users comfort. These re-
quirements are discussed in following text.

Users comfort in DHW supplied by LEDH

Another important question, when concerning DHW
systems is level of user comfort. From comfort point of
view, requirements for temperature and waiting time
for DHW can be specified. Due to Danish Standard
DS439 “Code of Practice for domestic water supply
installations”, [10] temperature of DHW should be 45°C
in kitchen and 40°C in other taps, provided with no-
minal flowrate and desired temperature reached within
“reasonable” long time, without significant temperature
fluctuations. It is a question, if requirement of 45°C
degrees for kitchen tap is not too high, but argument of
problems with fat dissolving from dishes can be ob-
jected and should be investigated. Based on men-
tioned standard, desired temperature of DHW flowing
from fixture is 45°C. But in order to define desired
forward temperature of LEDH system, we should be
aware of temperature drop in DH network, in user’s
substation and in DHW installations in building. The
temperature drop in DH network is not in focus of this
paper, so our goal is to find needed temperature level
at the entrance of substation to produce 45°C from tap
in building. Desired temperature will be found by expe-
rimental measurement of LEDH substation later in
article.

Beside temperature requirements, users comfort is
influenced by time needed for DHW to reach a fixture
after tapping was started. This waiting time is in follow-
ing text called “tap delay”. Due to DS439, suggested
value for tap delay is 10 sec and it is defined in order
to avoid wasting of water and to protect users against
too long waiting times for DHW. In large multi-storey
buildings with centralised preparation of DHW, short
tap delay and measures avoiding Legionella growth
are assured by circulation line of DHW, but not proper-
ly designed or maintained DHW circulation is quite
often responsible for increased risk of Legionella [11].
Another disadvantage of DHW circulation is big heat
losses, sometimes even bigger than net energy
needed for DHW heating [8]. The 10 sec waiting time
is not rule and for some people it is a long time, for
some people short, but this value is used to evaluate
tested concepts if they are fulfilling requirements for
high level of users comfort or not. An overall tap delay
can be studied from different angles. From dynamic
point of view, tap delay consists of transportation time
needed for “new volume” of water travel to tap and
dynamic thermal behaviour of passed components, i.e.
pipes and substation. From point of view related to
location, it consists of three parts, tap delay in branch
pipe (pipe from DH pipe in street to users substation),
in DH substation and in DHW system in building. A tap
delay in branch pipe and substation are related to DH
network and substation’s control system strategy,
while tap delay in DHW pipes in buildings without
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DHW circulation are defined only by volume of water in
individual pipes, nominal flow and to some extend also
by their insulation.

Tap delay in DHW system in building

For DHW systems with individual feeding pipes and
overall volume of pipes lower than 3 L, DHW circula-
tion is not needed, because waiting time for DHW with
desired temperature is not critical. In Table 1, transport
delays for individual fixtures in typical house built in
pilot LEDH project in Larch Garden - Lystrup, Denmark
[11] are presented. It should be mentioned, that data
are only transport delay, without dynamic behaviour of
cooled pipe.

Table 1 - Transport delay for nominal flows for indi-
vidual fixtures due to DS439, in DHW system in
typical house in Lystrup, for pipes with inner diame-
ter 10 mm

nominal Iertlgth vol_ume locit transp.
fixture | flow fi 0 m velocity delay
(L/min) ixture | pipes (m/s) )
(m) (L)
shower 8.4 2.2 0.17 1.8 1.2
basin 34 4.1 0.32 0.7 5.8
kitchen 6 6.3 0.49 1.3 4.9

From Table 1 can be seen, that reasonably designed
close locations of fixtures, not so far away from substa-
tion, lead to maximal transport delay around 6 sec, for
basin. The total volume of DHW system consists of
0.99 L in pipes and 1.1 L in HEX (type XB37H-40). It
means, that it is possible to install longer pipes or more
fixtures and still fulfil requirement of DHW system with
volume lower than 3 L. The velocity of flowing water is
below 2 m/s and thus problems with noise propagation
during tapping are avoided.

Tap delay on primary side

A transport delay on primary side consists of delay in
branch pipe and delay in DH substation. While tap
delay in DHW installations in building is for DHW sys-
tem without circulation uniquely determined, tap delay
on primary side varying as control strategies for subs-
tation control varies. From energy consumption point
of view, the best solution is a control strategy without
by-pass (see Fig. 1). In this case, DH water staying in
the branch pipes is cooled down to temperature of
ambient ground (if tapping wasn’t performed for long
time) and DH water in substation to room temperature.
In general, waiting time for DHW is influenced by con-
troller used in substation. Basic principles of controllers
are proportional flow controller and thermostatic con-
troller. Each controller has own advantages and disad-
vantages, thus best solution is to combine both con-
trollers [12]. In case of proportional flow controller, ratio
between primary and secondary flow is fixed to provide
DHW with desired temperature and it means in case of
using LEDH primary and secondary flow will be very
similar. If proportional flow controller is used for setup
without by-pass, user will face to long waiting time for

DHW. Waiting time for this case can be seen from
Table 2. For branch pipe with inner diameter 15 mm
(as is designed in Lystrup for IHEU), even transport
delay to reach substation for nominal flow for basin,
kitchen sink and shower will be 31.6, 17.7 and 12.6
sec, respectively. This solution is from comfort point of
view and water savings completely unacceptable. If we
decrease inner diameter of branch pipe to 10 mm,
transport delay is decreased roughly to one half of
value for pipe with inner diameter 15 mm, but it is still
long time. In case of combined proportional flow con-
troller and thermostatic controller, from beginning of
tapping thermostatic part assures opening of valve on
approximately full capacity until desired temperature of
DHw is reached. Full opening from beginning of tap-
ping leads to much higher flow rate on primary side
than on secondary and time delay is decreased sub-
stantially. This solution can be used for short branch
pipes with reduced diameters. But it should be men-
tioned, that transport time in branch pipe will be always
limited by maximal allowed flow on primary side de-
fined by DH provider by means of flow restrictor or by
available differential pressure in DH network.

Table 2 - Transport delay for nominal flows for indi-
vidual fixtures due to DS439, in branch pipe, 10 m
long, for typical house in Lystrup, data simulate
using proportional flow controller without by-pass

inner

. nom. ipe .voIL.Jme velocity transp.
fixture | .flow p@pd in pipes (mis) delay

(L/min) (mm) (L) (s)
basin 34 15 1.77 0.3 31.6
kitchen 6 15 1.77 0.6 17.7
shower| 8.4 10 0.79 1.8 5.6
shower| 8.4 15 1.77 0.8 12.6
bath 12.6 15 1.77 1.2 8.4

To reduce tap delay on primary side, control concepts
with by-pass, avoiding cooling of DH water in branch
pipes and substations, and thus reducing substantially
waiting time for DHW are available. There are two
concepts of by-pass in relation to the heat exchanger:
external and internal by-pass (see Fig. 1). In case of
external by-pass, DH water enters substation, but not
enters heat exchanger and is sent back to DH return
pipe and thus branch pipe is kept on desired tempera-
ture. Desired temperature is controlled by thermostatic
valve situated in by-pass loop. Increased level of com-
fort expressed by reduced tap delay can be adjusted
independently on temperature of DHW on secondary
side. The set-point temperature of external by-pass is
always compromise between insufficient cooling of DH
water and additional heat consumed by customer and
reduced waiting time for DHW. In case of operation of
space heating system, the function of by-pass is to
some extend overtaken by space heating loop and
thus heat for “by-pass” operation is not wasted and
temperature of DH water returning to DH network is
cooled sufficiently.
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IHEU - no by-pass

IHEU - PTC2+P controller,
external by-pass 35°C (40°C)
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IHEU - IHPT controller, internal
by-pass adjusted for DHW=47°C
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Fig. 1 Different by-pass strategies for IHEU: left no-by pass, middle external by-pass (cold HEX), right internal

by-pass (hot HEX)

In case of internal by-pass, by-pass flow is passing
through heat exchanger and keep it warm (see Fig. 1).
The benefit of this solution is even more reduced tap
delay than in case of external by-pass, but on the other
hand, since heat exchanger is kept warm, internal by-
pass solution has additional heat losses. If substation
is installed in room with need of space heating, heat
losses are considered only outside of heating season.
Contrary to external by-pass solution, where it is not so
important if space heating loop is installed in series or
in parallel to DHW heat exchanger, in case of external
by-pass it is in importance. If space heating loop is
connected in parallel to DHW heat exchanger in tradi-
tional way, by-pass water just pass through DHW heat
exchanger and is sent back to DH network with still
high return temperature, without any other use. If
space heating loop is connected in series to DHW heat
exchanger or in parallel but with possibility to sent by-
pass water flown through internal by-pass to space
heating loop (see Fig. 2), this solution provides high
level of comfort for users as well as proper use of heat
needed for by-pass operation.

T2

SH

Fig. 2 Combined by-pass concept, with possibility of
use by-pass flow in space heating loop

In order to run by-pass without drawback of insufficient
cooling of DH water and wasted heat also outside of
heating season, it is proposed to use by-pass flow for
floor heating, installed in bathroom and operate it all
year. From preliminary calculations it looks, that flow
needed to keep bathroom floor surface temperature on
24°C will be enough as by-pass flow. Considering the
use of renewable sources of heat, the problem of in-
sufficiently cooled DH water is related to reduced effi-
ciency of these sources and whole year using of floor
heating for comfort in bathroom is reasonable.

Supply — supply recirculation

As an alternative solution for customers who don’t
want to use whole year bathroom floor heating, solu-
tion called supply-supply recirculation is a possibility
how to use benefits of by-pass without whole year
heating of bathroom. In this case, district heating water
is supplied by pipe 1 to substation, circulated through
HEX or external by-pass (see Fig. 1)

,|2°C.
S [ gopm— L T22
S T I I
1 2 T21
"""" DHW
" 1|2
SH

Fig. 3 Supply — supply recirculation with external by-
pass

and then sent back to district heating network (DHN)
supply by pipe no.3. This concept is in early stage of
investigation but it looks promising. The main question
will be related to flow of DH water in branch pipe in
order not cool it down too much before will be sent
back to DH supply pipe in the street. This solution is
expected to be favourable mainly for circular shapes of
DH networks, but it should be mentioned, that re-
heating stations will be probably needed in point of DH
network, where temperature of DH water decrease
bellow defined value.

Full scale demonstration of LEDH

Full scale demonstration of LEDH is recently running in
Larch Garden in Lystrup, Denmark [11], where 40 low
energy houses class 1 and 2 are connected to LEDH
system, with designed forward temperature from heat
plant 52°C. For primary side of substation, forward
temperature of 50°C and return temperature of 25°C
are designed. The DH network is built from highly insu-
lated single pipes (for main pipes) and main pipes with
smaller diameter, distribution and branch pipes are
built from twin pipes. Two types of district heating
substations providing houses with DHW and space
heating are tested by customers in real conditions. The
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first concept is 29 Instantaneous Heat Exchanger Units
(IHEU), second is 11 District Heating Water Units
(DHWU). IHEU is classical concept of substation with
instantaneous heat exchanger, only with enlarged
number of plates. IHEU units have external by-pas,
with set point temperature of 35°C for customers si-
tuated not at the end of street and 40°C for customers
situated at the end of the street. DHWU is new concept
of DH substation, reported e.g. by Paulsen [13].
DHWU consist of buffer tank for district heating water
and when DHW is needed, DHW is heated in instanta-
neous heat exchanger as in previous case. Advantage
of concept with buffer tank is peak-shaved demand of
DH water during charging and use of branch pipes with
lower diameter, connected with lower heat loss. On
site measurements were started in Lystrup to evaluate
performance of both types of DH substations, but no
detailed measurements requiring short time steps are
performed to evaluate level of users comfort. The
measurements more focused to user's comfort are
planed to be performed this year in Danish Technolo-
gical Institute and Technical University of Denmark
(DTU) on DH systems simulating the conditions in
Lystrup. The DH systems will consist of branch pipes,
substation and DHW building installations and different
control approaches (external or internal by-pass, dif-
ferent set up by-pass temperatures, possibility of
supply-supply recirculation, etc.) will be studied for DH
substations supplied by LEDH. Measured data will be
used for evaluation of performance of different control
concepts, level of users comfort and lately also for
validation of numerical model which is aimed to be
developed for optimization LEDH systems.

TEST OF TEMPERATURE PERFORMANCE

As a first part of measurements planed to be per-
formed at DTU, the time needed for IHEU to produce
DHW with temperature of 42°C and 47°C was meas-
ured, after tapping of DHW was started. The tap delay
was investigated for two control strategies, one using
internal and second using external by-pass. The mea-
surements were performed for different initial condi-
tions before tapping was started to simulate in realistic
way users behaviour. Finally, the period between two
by-pass flow operations was measured.

Experimental setup and instruments

Tested DH substation was prototype of Instantaneous
Heat Exchanger Unit (IHEU) developed specially for
LEDH pilot project in Larch Garden — Lystrup, Den-
mark. The IHEU is a type of district heating substation
consists of a heat exchanger (HEX) without storage
tank. DHW is heated instantaneously in HEX only
when tapping is performed and then supplied directly
to DHW taps by individual feeding pipes, while space
heating is using direct connection without heat ex-
changer, i.e. concept typical for Denmark. Substation
is same concept as regular IHEU for traditional DH.
The difference is in increased number of plates in heat
exchanger assuring better heat transfer. Water volume
of primary and secondary side is 1.1 L each and the
heat exchanger is not insulated. The experiments were
focused only on dynamic behaviour of substation re-
lated to DHW heating and thus space heating loop
wasn’'t connected and space heating valves in substa-
tion closed. Desired temperatures of DHW were cho-

sen in accordance with requirements in DS439 for
temperature of DHW for kitchen sink and other fix-
tures. Required temperatures mentioned in DS 439 are
45°C and 40°C. In order to cover additional tempera-
ture drop in building DHW installations, 2°C were add-
ed. This addition is based on experience from previous
measurements. During the experiments, temperatures
of four different flows were measured. On primary side
it was temperature of supplied DH water T11 and tem-
perature of water returning from substation back to DH
network, denoted T12. On secondary side the temper-
ature of cold potable water entering substation, de-
noted T21 and temperature of heated DHW, denoted
T22 were measured. All temperatures were measured
by thermocouples type T, installed directly in pipes, in
flowing water, so they do not have any practical time
delay for the measurements. The time constant to
reach 90% of step change was less than 1 second.
The distance of thermocouples from substation flanges
was 5 cm and thermocouples were previously cali-
brated. We also measured surface temperature of
HEX in upper (HEX-UP) and bottom part (HEX-
DOWN) and temperature of air in the testing room.
Temperatures were measured and collected by multi-
function acquisition unit every second. For authentic
simulation of DH network, DH water with constant
temperature of 51°C was necessary. It was solved by
connecting of IHEU to source of DHW in laboratory of
DTU, where DHW is supplied by DH system. DHW
system of DTU is big enough, to assure stable tem-
perature 51°C without any fluctuations. In order to
prevent cooling down of pipes supplying DHW to la-
boratory in periods when there wasn't flow through
substation (stopped by by-pass controller), small guard
flow, just before entrance to substations was kept to
maintain DHW always on 51°C and drained to sink.

Experimental procedure

As a first step, both controllers were adjusted to pro-
vide 47°C on DHW side with supply temperature of DH
water 51°C. Then we measured time delay in the subs-
tation, i.e. time needed for substation to produce DHW
with temperature 42°C and 47°C on secondary side
outlet from the moment when DHW tap is opened.

The measurements were performed for different initial
conditions and secondary flowrate was always 8.4
L/min, which is nominal flow for shower.

1. For measurements of concept with external by-pass,
substation was controlled by PTC2+P controller with
by-pass set point temperature adjusted to 35°C. This
setup is exactly the same as is installed in Lystrup pilot
project. The testing procedure was made in following
steps. Substation was left idle for long time in the test-
ing room, so all components and water in HEX were
on room temperature. Than we opened the valve on
DH supply in substation and DH water with tempera-
ture of 51°C started to flow in the substation and flew
through external by-pass, until closing temperature
was reached and by-pass flow stopped. Than we wait
until by-pass was opened again. Time between two by-
pass openings as well as volume and temperature of
DH water passed through by-pass was written down
and after by-pass was closed again, we waited a little
bit shorter time than was needed to open by-pass flow
again and we start tapping on secondary side with flow
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rate 8.4 L/min. In this way, most unfavourable condi-
tion for substation with by-pass, i.e. highest recovery
time, was measured. After tapping of DHW was fi-
nished, we wait 5 minutes and we performed one more
tapping to simulate short time step between two sub-
sequent tapping of DHW.

2. For measurement of internal bypass concept, IHPT
controller was used. The state of the art of control
systems for DH substations is in integrated controllers,
providing all needed functions in one “box”. In our
case, we tested IHPT controller with integrated func-
tions of differential pressure controller, proportional
controller and thermostatic controller. The IHPT has
function of internal by-pass but by-pass set point tem-
perature can’t be adjusted independently and depends
on adjustment of desired DHW temperature. Adjust-
ment of DHW was chosen in accordance with our re-
quirements to 47°C on DHW. The testing procedure
was similar to measurements with external by-pass.

After supply valve on primary side of substation was
opened, DH water with temperature of 51°C started to
flow in the substation and temper HEX, until by-pass
closing temperature was reached. Than we wait until
by-pass was opened again and we performed tapping
of DHW just before next by-pass opening was ex-
pected. In following steps was procedure same as in
case of external by-pass.

Moreover, we also performed measurements of time
delay in IHEU for control concept without by-pass.

RESULTS

Time delay for IHEU with PTC2+P controller and ex-
ternal by-pass adjusted to 35°C to start supply DHW
water with temperature 42°C and 47°C after long idling
period just before opening of external by-pass was
expected, can be seen from Fig. 4 and is 11 and 22
seconds, respectively.

50

I/

40

=—101<T11>(C)
103 <T21>(C)
=105 <HEX_UP>(C)

—102<T12>(C)
—104<T22>(C)
106 <HEX_DOWN> (C)

Temperature (°C)
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\/ 107 <room_temp> (C)
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Fig. 4 Time delay for external bypass (PTC2+P), when tapping is performed just before expected start of by-

pass flow, set on 35°

This measurement represents condition with the long-
est time delay for PTC2+P controller. Temperature of
room, where IHEU was installed was 22.2°C. For this
case, temperatures of produced DHW in first 10 sec
after tapping was started are listed in Table 3. In case,
when tapping of DHW was performed after long idling
just after by-pass flow was stopped, time delay de-
creased to 8,5 and 16,5 seconds. In this measure-
ment, temperature of substation and thus water stand-
ing in the HEX was little higher than ambient air tem-
perature. It is expected that time delay will be slightly
longer, if substation will have real ambient temperature

but still shorter than in case 2. We also performed
measurement of tap delay five minutes after previous
DHW tapping was finished. In this case, tap delay in
substation to produce DHW with temperature 42°C
and 47°C was shorter, 7 and 14 seconds.

For room temperature around 22°C, external by-pass
was opened roughly every 30 minutes. The by-pass
was in average opened 2.5 minute and volume of DH
water needed to close the by-pass was in average 3 L,
i.e. when is substation idling, by-pass uses 6 L of DH
water per hour.

Table 3 - Temperatures measured for PTC2+P controller in first 10 sec after tapping was started for situation
after long idling, just before by-pass was expected to run again

1(sec) 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17

T22(°C) |21.6]22.3|26.0]29.7 |32.6|35.0]36.9 |38.7

39.9141.2|42.2|42.8|43.5|44.2|44.7|45.1|45.5

Time delay in IHEU equipped with IHPT controller with
internal by-pass adjusted by requirement of DHW to
47°C was 6 and 14 seconds to reach 42°C and 47°C
on outlet for situation when tapping was performed just
before by-pass was expected to open. The internal by-
pass opens 3 minutes after previous tapping is finished
and when is once opened never closes, only when
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another tapping is performed, but again only on 3 mi-
nutes. The average flow of internal by-pass was 24
L/hour and average return temperature to DH network
was 45°C. When internal by-pass is once opened, the
time delay in substation decrease substantially to 1.5
and 7 seconds to produce DHW with temperature
42°C and 47°C.
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The condition with expected longest time delay was
solution without by-pass. In this case time delay to

Table 4 - Overview of time delays for all measured cases

produce DHW with temperature 42°C and 47°C was
12 and 25 sec.
All measured results are summarized in Table 4.

-~ T | Ta Ts5 T47 Ti2 | Tizave | THex-uP | THEX-DOWN
case number and description ©C) | (sec) | (sec) | (sec) | (°C) (°C) C) ©C)

NO BY PASS | 1 -after long idling, no by-pass (BYP) 50.1 | 12 18 25 16.2 | 19.5 20.4 21

2 -after long idling, just before BYP

was expected to open again 496 | 11 16 22 30.1 | 19.3 215 214
EXTERNAL 3 - after long idling, just after BYP
BY-PASS closed 50.6 | 8.5 12 16.5 | 42.6 19 29 26

4 - 5 minutes after previous tapping 50.8 7 10 14 o5 19.1 293 374

finished ) ' ) )

5 - just before BYP was expected to
INTERNAL open (3 min after prev. tapp. finished)) 505 6 10 14 19.5 1 19.1 22.6 38
BY-PASS 6 - anytime, when BYP was already in 493 | 15 35 7 473 | 18.4 44 455

operation ) ) ) ) ' )

DISCUSSION are kept on higher temperature and it made slightly

Focused on level of users comfort and proper cooling
of DH water during idling, time delay of LEDH substa-
tion to supply DHW with temperature 42°C and 47°C
was measured. Three different control strategies re-
lated to tap delay were investigated. Obtained results
representing case of IHEU used in single-family house
in period when space heating is not in operation. Ex-
plored concepts can be evaluated from two different
points of view, due to highest advantages for customer
and for DHN.

The solution without by-pass is from energy savings
point of view very interesting because doesn’t need
any DH water for idling, but from users comfort point of
view is very poor because of reduced comfort and
problems with wasting of water during waiting for DHW
with desired temperature. Solution without by-pass can
be probably used for substations equipped with com-
bined thermostatic and proportional flow controller, for
customers with short branch pipes or for customers
with low requirements for level of users comfort. If
solution without by-pass will be used for substation
controlled only with proportional flow controller, even
transport delay in 10 m long branch pipe for nominal
flow for basin will be 32 sec. For period when space
heating is operated, branch pipe will be kept warm
from flow needed for space heating and time delay for
solution without by-pass will be very similar to solution
with external by-pass. Anyway, in non-circularly
shaped DH networks, by-pass should be installed at
least at the end of a street, so it is better to find solu-
tion how to use by-pass flow in useful way than sent it
directly back to DH return. Considering this, it is sug-
gested to use by-pass flow for whole year operation of
floor heating in bathrooms to increase comfort for cus-
tomers and at the same time solve problem with by-
pass flow which otherwise increasing return tempera-
ture to DH network.

From user comfort point of view, better solution than
solution without by-pass, but consuming more energy,
is substation equipped with external by-pass. By com-
parison of results of concepts without by-pass (case 1)
and solution with external by-pass, for case when tap-
ping is performed after long period of idling just before
by-pass opens again (case 2), we can see that time
delays are almost the same (see Table 4). Difference
is only that for external by-pass, pipes before by-pass
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faster reaction. In the case 3, time delay is even more
reduced since pipes in substation were warmer by just
finished by-pass flow. For control concept with external
by-pass and tapping repeated 5 minutes after previous
one, time delay is again reduced, since HEX is still hot
from previous tapping. The time delay for case 4 and 5
are almost the same, only difference is that in case 5
(internal by-pass), tap delay is again reduced because
tapping was performed 3 minutes after previous (to
prevent influence of by-pass) and thus HEX was war-
mer.

If the requirement is to fulfil 10 sec tap delay for less
favourable fixture, i.e. in our case basin (see Table 1),
DHW should leave DH substation with temperature
42°C in 4 sec after tapping was started, because it will
take 6 second to reach the tap. This requirement was
reached only by concept with internal by-pass and only
when by-pass was already opened. On the other hand
from Table 3 can be seen, that even for concept with
external by-pass and tapping after long idling and just
before expected bypass opening, DHW at a tempera-
ture 26°C leaving substation in 3 sec. DHW with this
temperature is not sufficient for taking a comfortable
shower for which temperature 37+1°C is preferred, but
for washing hands this temperature should be enough.
The values in Table 3 are for flow rate used for
shower, but it can be used to explain, that is time to
rethink the suggested value of tap delay from 10 sec to
another value and consider also nominal flows and use
of tapped water. The different standards for the differ-
ent use of DHW based on new solutions in DHW
supply systems and results from test panels are
needed, because it may have some influence on de-
sign of optimized DHW systems. Nevertheless, for
customers requiring DHW in very short time e.g. conti-
nuously or discontinuously (only during rush hours)
operated trace heating elements can assure almost no
tap delay by keeping DHW staying in pipes on desired
temperature.
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CONCLUSION

Based on literature study it can be concluded that
hygienic requirement of DHW with 50°C on outlet of
DHW heater is not needed for systems with a total
volume of the DHW lower than 3 L.

From results of our measurements and evaluation of
IHEU supplied by LEDH, only substation with external
by-pass with set point 46°C is able to produce 47°C
DHW in time bellow 10 sec. The easiest step how to
decrease waiting time also for other concepts is to
insulate HEX. This measure will reduce time delay for
DHW tapping and also will decrease heat losses from
DH substation. The lower waiting times for DHW can
be also achieved by further optimisation of HEX in way
of decreased number of plates reducing volume of
water in HEX and thus transport delay, and by in-
creased thermal efficiency of HEX (followed on the
other hand by higher pressure loss). Both solutions
can lead for higher temperature of DH water returning
to DH network, but during all our experiments, average
return temperature was below 20°C, what is 5°C less
than is designed for LEDH.

Traditional control concepts of DH substations are
always trade-off between users comfort and reduced
cooling of DH water during idling and thus customer
should have to some extent possibility to choose which
solution prefers. In case of traditional concepts, deci-
sion is between longer waiting time for DHW and
energy savings or vice versa, if by-pass in substation
is used. In non-circularly shaped networks, by-pass
should be used anyway at least at the end of a street
line. The one of possible solutions how use by-pass
flow in better way can be proposed innovative concept
of whole year operated floor heating in bathrooms or
supply-supply recirculation. Both solutions increasing
level of user comfort and at the same time also energy
efficiency of DH system.

LEDH is a promising solution for providing buildings
with DHW and space heating regarding fulfilling re-
quirements of modern society with reduced CO, emis-
sions and energy consumption. More detailed investi-
gations by testing of different parameters and numeri-
cal simulations are needed in order to optimize LEDH
concept.

Future work

It will be very interesting to compare time delay of
substation for traditional DH with time delay for DHW
produced by LEDH substation. It is expected that
timed delay for LEDH will be higher because dynamic
response is slowed down by lower temperature differ-
ence between DH water and desired temperature of
DHW, but on the other hand, lower temperature differ-
ence is in some extend compensated by bigger HEX. It
is also suggested to rethink “10 sec tap delay sugges-
tion” for different taping flows and purposes of DHW
use.
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Appendiks 2: Baggrundsmateriale for design

Boosterpumpe og shunt

Den centrale shunt placeret i feelleshuset:
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Varmeanlaeg
Radiatorydelse for forskellige temperaturseet og ydelser:

Ydelser
70/40/20 60/30/20 55/25/20 50/25/20
Aritm. DeltaT 35,0 25,0 20,0 17,5
Hgjde (mm.)|Type [Leengde (mm.) W W W W

555 22 400 396 254 189 158
555 22 500 495 317 236 198
555 22 600 594 381 283 237
555 22 800 792 507 378 317
555 22 1000 990 634 472 396
555 22 1400 1386 888 661 554
655 22 1800 2032 1296 962 805
655 22 2000 2258 1440 1069 894
655 22 2200 2484 1584 1176 983

2PK - 555: Km: 8,97

n: 1,323

2PK - 655: Km: 9,75

n: 1,3365

Oversigt over radiatorstarrelser og antal i de forskellige lejligheder
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Fjernvarmeunits

Data blad for GVVV unit:

'@® REDAN

I —
Akva LES Il TD-Unit

Anvendelsesomrade

En komplet installation for varme og varmt vand til
direkte anlseg. Velegnet til to-strengs anlseg. Akva LES
Il TD-Umit'en har kapacitet til at forsyne enfamilie huse
med normalt vamtvandsbehov med rigeligt, varmt
vand. Unit'en er sserig velegnet til installationer i om-
rader med lavtemperatur fiermvarme. Kan anvendes
ved fiermvarme fremlebstemperatur op til 65°C.

Bestykning

TD-Unit'en leveres med pladevmv&@ksler type XB
37H-1 20, sikkerheds- og kontraventil pa koldtvandstil-
gangen, afspamingsventiler, felerommer, TD-
regulator, snavssamilers, by-pass, brugsvandsregula-
tor PTC2 samt pasrer for maler i flernvarme frem og
retur. Unit'en er forberedt for brugsvands-cirkulation.
Som ekstraudstyr kan unit'en leveres med indbygget
Danfoss AVE trykudligner.

Design
Uniten kan leveres med kappe | hvidlakerst finish.

Lang levetid

Anvendelse af syrefast, rustfit stal AIS| 316 til hen-
holdsvis rer og pladeveksler samt anvendelse af god-
kendte komponenter sikrer unif'en lang levetid.

Vandvarmer

‘andvarmeren er baseret pa en kobberoddet hejeffek-
tiv Danfoss pladevarmeveksler type XB37H-1, med
optimal afkeling af flemvarmevandet.

Pladevarmeveksleren styres af en kombineret tryk- og
termostatstyret brugsvandsregulator type PTC2.

By-pass (termostatisk omlab) .

Unit'en leveres med by-pass, saledes at der ved tap-
ning straks produceres varmt vand ved vandvarmeren.
Temperaturen i omlebet indstilles for bedst mulig kom-
fort og ekonomi.

Montering

Manteringen er hurtig og enkel. Uniten fastgeres pa
vaeg, og da alle tilslutningssiudse er placerst i rerbae-
rerafstand fra wesg, er det muligt at etablere en pan
rerfering.

Unit'en kan monteres pad REDAN Fordelermodul type
G, Gl og GRI model 5.

Montering af fiernvarmemaler
Fiemvarmemaleren kan placerss enten i femvarme
retur eller fremlab.

Servicevenlig
Hensigtsmesssig rerfering og konsekvent samling med
omlabere ger det nemt at servicere unit'en.

( Danfoss Redan A/S

Maij 2010

Omega 7, Seften, DK-3382 Hinnenup TH. B7 42 8043, Fax B7 43 20 44
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'@ ® REDAN

P
Akva LES Il TD-Unit

Principdiagram

of stvkliste:

2 Piadeveksiar varme vand XB 3TH-1 20
4 Daribss TD-reguiaior AVPL

S REDAN snavssamisr 35" NN MY = 0,6 mm

54 REDAN snavssamisr indtygget | T-S&.
& Hontravend
7 Mugleventl
12 SkEeheadzvent] vt vand, 10 bar
13 Terromster
14 Trykudag 4"
23 Fisleriommer i foler for mier 157

38 PTGZequinir
A0 Damtoas FUVA by-pass

43 Bmndplade

£2 Hontrarend (medisveres kis)

B4 Pumps v.v. Ciutation (medisverss kKiz)

24 Fasstytke for mier %7 1 110168 mm fremretr

]

Fw.
R Dt

=Theliring 34" Nippel

Data for REDAN Akwva LES Il TD-Unit med PTC2-regulator:

40

i=Tikirining

374 Mt

Fee=Tisliring 142 Hippsl

Malskitse std. :

[% I::!::I* VARME
# 3EmA

TD-Unit Vandvarmer variant XB3TH-1 20:
500
M3l uden ramme:  HE40 xBS50 x D290 mm | Tryktrn: TN1E 1 I
M3 med kappa: HO90 ¥ BSS0 ¥ D40D mm 1 1
N, AR £, bar [lukke) v v
Wi M. rAmimea: 25 Max. AR 1.5 bar Elil
V:;rn. embalage: 273 reguenng)
Min. v. iemp.:  52°C
Tryktrn: TH1S
Max. fiv. emp:  E5°C
Ma 1. t2mp.: 65°C
. Mn' San“- 3""“'“' TR TT
Min. fv. AR 0,30 bar
MM KV.fyK:  Z.0bar
_ Tisluninger: IR ERE
Exsiraudstyr: 3. Danfoss AVE trykudiigner maonieret fra fabek.
. Unit kan leveres mad ksolerst v.rem. 1 Flemvame fremisb %" Muffe
2  Femvamersir % Mulfe
3 Anissg frem " Mufte
4 Ariseq retur %" Muffe
5 Koidtvand %" Mufte
5 Vamtvand 5" Mufte
7 Evt. Cirkuiation
Ydelser, tryktab:
Warmt vand AKva LES
Anial |sllighedar 1 ] |
Ezki [ 23| |
BrugsvandsiEmperaiur C 10/45
[ Flemvame fremisbelemp. " 52 | B0
| Flemyvame returiemp. C (1B 143
Trykiab veksler [v.) KFa [ 115 | &7
Samlel yk @0 [1v.] WFa | 33 | 2%

20

e

| Danfoss Redan A/S

\ Omega 7, Saeften, DK-8332 Hinnerup TH. 87 43 B0 43, Fax 87 4230 44

Data blad for FVB unit:
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Comfort LGS/LGM

Primaer beholderanleeg til villaer,

der forsynes med direkte lavtemperatur fiernvarme

Comfort serien til lavtemperatur flernvarme fremstilles i to varianter LGS og LGM, med henholdsvis 120

eller 175 liters primaer beholder.

Anvendelsesomrade

Comfort LGS/LGM er komplette units for
varme og varmt brugsvand til direkte
anlaeg i villaer tilsluttet lavtemperatur
fiernvarme med fremlobstemperaturer
ned til 50°C.

Comfort LGS/LGM leveres som standard
med blandeslojfe, og Comfort LGM leve-
res desuden som standard med gulvar-
memanifold.

Comfort LGS/LGM er baseret p4 enten en
120 eller en 175 liters primaer beholder.
Beholderanlaggene er hojisoleret, sile-
des at de tilgodeser varmetabskravene
for lavenergibebyggelse.

Princip

Beholderanlzeggene er baseret pa en pri-
mazer beholder, hvori man akkumulerer
flernvarmevand.  Varmtvandsforsynin-
gen sker ved hjelp af en tryk- og termo-
statstyret  gennemstremningsvandvar-
mer, der er tilsluttet primaer beholderen.
Ved varmtvandstapning pumpes behol-
dervand ind i veksleren, siledes at be-
lastningen af flemvarmnettet holdes pa
et lavt niveau.

Nar der ikke tappes varmt vand, kan re-
turvandet fra beholderen anvendes som
supplement til gulvwwarmekredsen. Nar

000 © Danfoss 12/2008

returvandet fra beholderen ledes gen-
nem gulvwarmekredsen optimeres af-
kelingen. Comfort LGS/LGM er forsynet
med automatik, der styrer beholdertem-
peraturen, samt fremlobstemperaturen
til varmekredsen efter udetemperatu-
ren.

Bestykning

Comfort LGS/LGM leveres med primaer-
beholder, gennemstremningsvandvar-
mer, Danfoss ECL110, tre aktuatorer,
blandeslojfe for varmekredsen, boostar-
pumpe, flowswitch og AVE trykudligner.
Derudover indgar afspeemringsventiler,
kontra- og sikkerhedsventiler, termome-
tre og snavssamlere. For LGM versionen
er der mulighed for op til 6 gulvvarme-
kredse. Comfort leveres med funktionel
kappe i nyt helisoleret design.

Design

Comfort LGS/LGM er gulvstillede mo-
dulopbyggede units. Malene overholder
standard modulmal for indbygnings-
skabe. Teknikdelen er placeret under be-
holderen.

Kappen bestar af to sidepaneler samt en
aftagelig frontplade, saledes at der er let
adgang til hele systemet. Kappen er hel-

isoleret med 60 mm isoleringstykkelse,

Service- og montagevenlig

En hensigtsmaessig rerforing og konse-
kvent samling med omlebere ger det
nemtat servicere og montere unitten.

Aflaesning og indregulering
Termometre er placeret s de let kan af-
lzeses. Brugsvandsregulatoren til indre-
gulering af det varme vand er placeret
hensigtsmaessigt, saledes at regulering
uvhindret kan foretages.

+ Udviklet specielt til lavenergibebyggelse
pga. lavt varmetab
- God driftsekonomi

+ Masser af varmt vand
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Comfort LGS/LGM

| EEM/ERK! Komponenter i de
stipleda felter findes alene

i 1.  Pladevarmeveksler Danfoss XB37
! 2. Varmtvandsbeholder 1207175 L
i 5. Snavssamiler
J 6. Kontraventil
7. Kugleventil
B. Pumpe varme UPA 1560
10 Pumpe blandeslojfe Alphaz 1540
12. AVE trykudligner
13. Termometer
17. Luftskrue
23. Faler ESMC
13AFaler, beholder ESMB
23B Faler, beholder ESMB
25 DanfossECL110
9. Motor AMV 150
30.
1

Lﬁﬁq 7

0t . Wentil AHPBM-F kvs=03
! 31. Motor AMV 150
3zl 32. Ventil AHFEM-F kvs=08
S 33. Motor AMV 150
| 34. Ventil AHOMTilslutninger
: 38 [HPT
o 8. Flowswitch
Konstruktionsdata: - Tilslutninger:
Tryktrin: Tn 10 1 Fjw.frem 4 Koldt vand
Max. fremlebstemp: 60°C iy 2 Fjv. retur 5 Gulwwarma
- 3 Varmt vand
Vagt ]
LGS120 100 kg H
LES175: M5 kg i
LGM120: 105 kg !
LGM175: 120 kg 1 " .
] ey -
Farve (kappel  Hvid RALDO10 - g R "r! -
Mal (mm): 3 P 5 . 3
LG5 120: H1750x B 570 = D 570 5 i E 3, =]
LGS 175: H 2100 x B 570 x D 570 N HE _5.!9,'"5%
LGM 1200 H1750x B 570 = D 570 5 &
LiGM 175: H2100xB 570xD 570 | 25 Guly R S | Vag N IS
Eltilslutning: 230V AC 1775 s
2625
Tilshutningsdim.:  3/4” 575

Iht. D5439*
368 1idag
Maks. effekt 32 kW

*) Berneerk at warmivandstemperaturen er s=nket til 42 "C Her foreskriver D5439 45 "C wed maks. effekt.

Danfoss Redan AJS - District Heating - Omega 7, Soften - DK-8382 Risskov
Tal: +45 87 43 89 43 - Fax: +45 87 43 89 44 - redan@danfoss.com - wwwi.redan.danfoss.dk

175 16

42 1?‘5‘120‘ 40 ‘ 100

Cuandass pdsager s inbet andvar for mulge fell | kasaleges, beochurer g andet trykt materdale. Danfurs forberalder £ ret t uden forudphende varsd at leeetagpe sndringer | shee pradubber Berunder |
produier, som allerede eri e, s3mem detie kan Sae den at endne allerede aftalbe spedifisatoner.
alle | cetim Ie tibhaer d ar wfass og Danter-legoes e varemasker lhanende Canfase A5 Al rettighader farheholes,

oo © Danfoss 122008 DKDHR
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Billeder fra byggepladsen af installationerne

\\Localdom.netiti folders\Projects\P1373043_EUDPO08-II - Lystrup Fjernvarme\Task 2 Laerkehaven i Lystrup\LavEByg-Delrapport 2-Appendiks-Final.doc

91



GVV-units installeret
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FVB-unit installeret med beholder og gulvvarmemanifold
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Indstillinger og indregulering

GVV-Unit

Brugsvandsregulatoren er sat til 2 omdrejninger fra maks. indstilling dette svarer til en ud-
lgbstemperatur fra varmeveksleren pa ca. 48°C.

Tomgangstermostaten (bypass) er indstillet pa 3.0 = 40°C for den sidste forbruger og pa ind-
stilling 2.5 = 35°C for de gvrige forbrugere.

FVB-Unit

Denne Unit er udstyret med en ECL300 elektronisk regulator. Applikationskortet, som er
udviklet til FVB unitten, har Danfoss korttypenummer C31. Indstillingerne for brugsvands-
ladning og varmekreds fremgar at nedenstaende oversigt. Der kares ikke med tidsstyrede re-
ducerede indstillinger for hverken brugsvand eller varmekreds.

Brugsvandsregulatoren er sat til 2 omdrejninger fra maks. Indstilling, dette svarer til en af-
gangsstemperatur fra varmeveksleren pa ca. 48°C.

FVB unitten har ikke en bypass termostat, men bruger i stedet gulvvarmen i badevarelset
som bypass. Indstillingen af denne er tilstreebt pa 2.0 = 30°C, men der er konstateret noget
variation pa denne, idet brugerne efterfglgende har indstillet denne individuelt.

Forside for Applikations / Brugermanual til ECL elektronisk regulator:

' L CIC[C] C31
Maing cortrollerwith ON/OFF
controlled DHW charging

ECL Comfort ECL Comfort
Installer's Guide User's Guide

.u-l!ull‘.
.-uv!uz.

oy
LAy

..........

§
b
H
g
S
£

Installer's Guide )

User'sGuide O ’

VIKTW102  wwwdanfoss.com

200006
200006

Forklaring af vejrkompenseringskurven. (Valgt indstilling Slope:1.0, Displ. 0.0°C)
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30a EcLcard settings ECL Card settings 30b

(elreult 1) (elreult )
™, -~ ~
Time and date Section 17 Time and date Section 17
System Information Secuons12&19 System Informatlon Sections 18819
Heat curve Section 20
Seening ranger Factery serongs T SETngs Suring nanges Facorysemings  Your semeg
Sope
0.2.34 2 10
See section 20
Parall el displatemant
oK o 00
Sed ection 20
Limilt for heating cut-cat 20 [Primary stersge tank temperature
03T Nt 6
130K 6K
See section 21
Soe section 37
Flow temperature, min. ) max. limits
150 i 10, e 90°C 10 -&60 Ritisrn lemnparature diferends g
ey 130K 4K
e section 17
2%/ ®_0 mn om0 O B —
] 5 .. 250 i, 40 i,
Proportional band, Xp.
1_250K 80K 80
See settion 26
tim Tn
5_ 0w s 30 below desired fow 5
See section 26 OFF/1 30K 13
Sea saction 17
Funning tims of the motorzed comirol
walee = - -
S_B0uwe B 35 abiove the desired flow tempsrature 5
See section 26 1_30K 5K
Sew section 27
.-.’
[T i 3 before closing M3 10
See section 26 159 min. 18 min.
See section I7
L% A LS s

Varme “cut-out” temperaturen er indstillet til 20°C, hvilket betyder at varmekredsen er aktiv
op til 20°C udendgrstemperatur.
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Flow [L/h]

Appendiks 3 Detaljerede resultater for samtidigheds-
test

Maleresultater for samtidighed:

FwB. 30 mesh of diurnal power building
FwB. 30 mesh of diurnal power building:

Time [

15 '
10 5 0
Time of day [h]

Time of day [h] boo Time [days] (0 = 14-06-2010)

FVB unit effekt, alle 11 lejligheder (summen af enkeltmalinger)

FwE flow. 30 mesh of diural power building: 204

FB flow. 30 mesh of diurnal power building: 204

]
=
o

o
=
o

.
fu]
o

200~

Time of day [h] oo Time [days] (0 = 14-06-2010) 15 10 .
5 o
Time of day [h]

FVB unit Flow, alle 11 lejligheder (summen af enkeltmalinger)
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Flow [Lh]

Gy, 3D mesh of diumal power building:
Gy, 30 mesh of diurnal power building:

Tirne |

Tirne of day [h] o Tirne [days] 0= 14-065-2010) -
20

15

10

Tirme of day [h]

GVV unit effekt, alle 11 lejligheder (summen af enkeltmalinger)

G flow. 30 mesh of diurnal power building:

G flow. 30 mesh of diurnal power building:

1200~
TR R R

m
=
=

soo 4l h

400~

Tirne |

- L
15
10 5 0

Time of day [h]

Time of day [h] oo Time [days] (0 = 14-06-2010)

GVV unit Flow, alle 11 lejligheder (summen af enkeltmalinger)

FwB. 30 mesh of diurnal power building: 116 FwE flow. 30 mesh of diurnal power building: 116

Flow [L/h]

nvarme\Task 2 Leerk

Tire of day [h] 0o Time [days] (0 = 14-06-2010) Time of day [h] 0 Tirne [days] (0= 14-06-2010)



Power [WY]

Typisk FVB unit enkeltlejlighed effekt og flow (lejlighed 7)

Gy, 3D mesh of diumal power building: GWY flow. 3D mesh of diurnal power building

Time of day [h] 0o

. D - X
Tire [days] @ = 14-06-2010) Time of day [h] 0 Time [days] {0 = 14-06-2010)

Typisk GVV unit enkeltlejlighed effekt og flow (lejlighed 14)
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Kumulativ frekvens kurve for FVB effekt for enkelt huse samt summen heraf , 1% fraktil

indtegnet.
FWB. Cumulative distribution function per residence. Threshold = active
120 -
¥ 103 5 It
¥: 99.08 Ry

ho=3790.8247 Thr =500
— h=2588.2899 Thr=10
— A= 20337135 Thr= 400
A= Mal Thr= 300
Ao=2154.1371 Thr= 500
— A= 13223886 Thr =500
— A= 1398.2482 Thr = 400
- A= 2080.3166 Thr = 400
—— A= 1543.0678 Thr = 500
A= 1111.4384 Thr=300
A=2049.0741 Thr=0
—r A= 14216153 Thr= 400

7 —*— E104-124, A, = 3073.188 Thr = 500
| 1 T T |
5 10 15 20 25

Pawer [kiW]

Occurence [%]

2104—124 nar 99% @ 10.3 kW & 100% @ 17.5 kW

Kumulativ frekvens kurve for FVB flow for enkelt huse samt summen heraf , 1% fraktil ind-
tegnet.

FwB flow. Cumulative distribution function per residence. Threshold = active

80 -

A =251.5696 Thr=120
— A=1158424 Thr=13
— A =107.8076 Thr= 18

A= Mal Thr =125

A=72.4109 Thr=20
— A=183.1256 Thr= 18
— A=64.2411 Thr=20
— A =054.8504 Thr=15
—— A=67.2156 Thr=20

A=62.2526 Thr=17

A =1056439 Thr=18
— C A= Mall Thr=180
T RI04-124, A= 222 2423 Thr =120

Ccourence [%)

| 1 | 1
600 800 1000 1200
Flows [Leh]

I 1
200 400

2104—124 nar 99% @ 530 L/h & 100% @ 790 L/h
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Kumulativ frekvens kurve for GVVV effekt for enkelt huse samt summen heraf , 1% fraktil

GWY. Cumulative distribution function per residence. Threshold = active

120 -

25
9864

, .= 3059.6639 Thr = 1500
—— A=1192.2902 Thr = 200
——  A=31933B19Thr=0

. A= 5637 6656 Thr = 200

, .= 2193.8485 Thr = 300
—— | A=38B5.5227 Thr=200
——  A=NaNThr=100
— — | A=4902.8186 Thr = 600
—%— | A=7829.7539 Thr = 500

, A= 3700.3096 Thr = 500

,A=3194.8704 Thr=0
—— A=5711.9403 Thr=0
! —*— .134-154, %= 22179962 Thr = 300

Tegri-iky | | | | |
oF= 5 10 15 20 25
Power [kWy]

Occurence [%]

2134—154 n&r 99% @ 19 kW & 100% @ 37 kW

Kumulativ frekvens kurve for GVVV flow for enkelt huse samt summen heraf, 1% fraktil ind-
tegnet.

GWY flow. Cumulative distribution function per residence. Threshold = active
120 -

G50 ¥o00
v 0005 9985

, A= 1756656 Thr = 110
—— L A=0874836Thr=14
—— L A=1211786 Thr=10

,A=T73.0774 Thr=10

,A=357571 Thr=10
—— L A=480072Thr=15
—— ,A=NaNThr=10
— L A=T791229 Thr=50
—%—  ,A=EBE54565Thr=10

, A =84.4894 Thr =57

, A =103.6622 Thr=15
—— A= 147.4824 Thr= 10

L [ —— E134-154, 4. = 180.3044 Thr = 110

0 I I I | | |

Occurence [%]

o 200 400 600 800 1000 1200
Flow [Lth]

> 134—-154 nér 99% @ 650 L/h & 100% @ 1180 L/h
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Appendiks 4 Note om varmetab fra installationer

Formalet med denne note er at estimere varmetabet mellem fjernvarmeindlgb og fjernvar-

meunits i de enkelte boligers teknikrum i Laerkehaven i Lystrup. Rarstreekninger, hovedha-
ner mv. svarer til afsnit ”II”” pa skitsen herunder.

Maling af varmetab med hovedmaler og forbrugsmaler

I: Varmetab fra II: Varmetab fra hovedhaner
ledningsnet og tilslutning af unit

=

IIl: Varmetab fra unit

Nedenfor er vist et billede af en GVV unit, hvor tilslutningsforbindelserne far maler er uiso-
lerede. Det er i gvrigt ogsa tilfeeldet for de gvrige 30 boliger med GVV.
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Figur 1 Uisoleret rerfgring for maler til GVV units i 20 mm AluPex

For de 11 fjernvarmebeholderunits, FVB, er der foretaget standardmaessig isolering af til-
slutningerne
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Figur 2 Isoleret rgrfaring far maler til FVB-units

Pa baggrund heraf er det valgt at se bort fra varmetab fgr maler for tilslutningerne til FVB-
units. For GVV-units er der estimeret en a&kvivalent rgrlengde for fjernvarme frem- og re-
turlgb for maler. Pa baggrund af heraf er varmetabet pr. bolig estimeret til ca. 1 kWh pr. dag
eller ca. 7 KWh pr. uge (se tabel herunder)

°C |Dage| Rgrdim. AEKViv. U lrgr | UArer E rar
rgrleengde | Faktisk | Faktisk | Faktisk
Rumtemperatur 20 [mm] [mm] [W/(mK)] | [W/K] | [kWh/ar]
Fjernvarme, frem, feelles 55| 365 20 1550 0,61 0,94 289
Fjernvarme, retur, faelles 30| 365 20 1550 0,48 0,75 66
| alt 1,69 355
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