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Forord

Detta projekt har bedrivits av RISE Research Institutes of Sweden och har varit
finansierat av Energimyndigheten, via forskningsprogrammet EFFSYS EXPAND
samt av TMF (Tra- och Mobelféretagen), Skanska, Bosch Thermoteknik, Danfoss
Varmepumpar (numera Thermia) och NIBE. De deltagande foretagen har bidragit
bade med kunskap, arbete som material till projektet. Vi vill tacka samtliga som
deltagit och bidragit till resultaten i projektet, med finansiering saval som med arbete,
kunskap och material.



Sammanfattning

| framtiden kommer de flesta byggnader vara sa kallade Nara-Noll-Energi-hus (NNE-
hus). Varmepumpar ar vanliga uppvarmningssystem i svenska enfamiljshus, men
ofta anvands de i hus med betydligt hogre uppvarmningsbehov an morgondagens
NNE-hus. | detta projekt har driftsparametrar fran faltmatningar, sdsom varmevatten-
och brinetemperaturer analyserats i detalj i tvA NNE-hus, som ar mycket lika
varandra men har varmepumpssystem med olika typer av styrning. Resultaten fran
matningarna har jamforts med driftsparametrar specificerade i den standard som
utvecklats for att bli harmoniserad med ekodesign- and
energimarkningsforordningarna, EN14825, eftersom dessa forordningar har stor
paverkan pa hur varmepumpssystem utvecklas och optimeras.

Resultaten fran denna del av projektet visar att de uppmatta brinetemperaturerna
ofta var betydligt hogre an vad som ar specificeras i EN14825. De visar dven att pa-
av-styrning i kombination med en tank leder till hdgre arbetstemperaturer for
varmepumpen pa varma sidan jamfért med kontinuerligt varierad kapacitetskontroll,
vilket man bor ta hansyn till da den projekterade energianvandningen beraknas,
sarskilt vid 6verdimensionerade varmepumpar i hus med lagt energibehov.
Véarmekurvorna som specificeras i standarden for olika varmesystem ¢verensstamde
relativt val med matningarna. En annan slutsats frdn matningarna var att
varmepumpens och varmesystemets styrning bor optimeras och styras integrerat,
och inte separat som idag, for att basta majliga energipresentanda ska uppnas. Fran
matningarna kan man ocksa utlasa att NNE-hus ar mer kansliga for att brukarna gor
korrigeringar av varme- och ventilationssystemet och darfor bor alla
installationstekniska produkter i huset ha en robust integrerad, gemensam styrning.

Tidigare faltmatningar i NNE-hus har visat att 6vertemperaturer inte ar ovanliga under
sommartid i valisolerade hus, ocksa i Sverige. | ett hus med bergvarmepump kan
borrhalet anvandas for frikyla och om huset har ett balanserat ventilationssystem, kan
den kylda luften enkelt distribueras i byggnaden. Syftet med denna del av projektet
var darfor att undersdka potentialen att bromsa eller hindra 6évertemperaturer med
hjalp av kyla fran borrhdlet. Till att borja med gjordes simuleringar av ett enfamiljs
NNE-hus. Olika fall dar effekten av fonsterdéppning, ventilationsflode, och installation
av frikyla via borrhdlet simulerades. For att bekrafta resultaten fran modellen,
installerades en prototyp i ett av de utvarderade NNE-husen. Matningarna bekraftade
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att det ar mojligt att sanka inomhustemperaturen betydligt med hjalp av frikyla fran
borrhdlet, @aven om kylkapaciteten &r begransad av ventilationsflodet och
tilluftstemperaturen.

Eftersom varmning av tappvarmvatten utgor en allt stérre del av det totala
varmebehovet i ett NNE-hus, har en testmetod for att utvardera prestandan av ett
varmepumpssystem som samtidigt varmer bade rumsvarmevatten och
tappvarmvatten utvecklats under detta projekt.

Under projekttiden har nya varmepumpsmodeller for NNE-hus utvecklats av de
deltagande foretagen. Dessa har utvarderats bade med avseende pa
energianvandning och pa livscykelkostnad. Resultaten visar att de nyutvecklade
modellerna leder till bade forbattrad energiprestanda och kostnad ur ett
livscykelperspektiv.



Summary

Further development of heat pump systems for Nearly Zero Energy Buildings
(nZEB)

In the future, most buildings will be nearly Zero Energy Buildings (nZEBs). Heat
pumps are frequently used as heating system in Swedish single family buildings, but
in most cases they are used in buildings with higher heating demand than the nZEBs
of tomorrow. In this project, operation parameters such as heating water and brine
temperatures were analysed in detail in real operation in two very similar nZEBs, but
with different types of control of the heat pumps system. The results were compared
to the operating conditions described in the standard developed to be harmonized
with the ecodesign and energy labelling regulations - EN14825, since these
regulations have a major impact on how heat pumps are developed and optimized.

The results from this part of the project showed that the brine temperatures were often
considerably higher than the test conditions described in EN14825 in the evaluated
nZEB-buildings. It was also shown that on-off control and a tank in the system results
in higher working temperatures for the heat pump compared to variable capacity
control which must be accounted for when calculating projected use of energy,
especially in “oversized” heat pumps in houses with low energy demand. However,
the heating curves of the standard EN14825 coincide mostly well with the
measurements. Another finding was that in order to reach the highest overall energy
performance the heat pump and the heating system must be optimized together and
not separately, which often is the case today. A low energy building is more sensitive
to user adjustments etc and therefore all building services engineering equipment
should have a robust integrated control.

Earlier field measurements in nearly Zero Energy Buildings (nZEB) have shown that
excess temperatures can easily occur during summertime in well-insulated houses,
also in Sweden. In a heating system with a ground source heat pump the borehole
can be used for free cooling in summertime. If the house has a bidirectional
ventilation system, the chilled air can easily be distributed throughout the building.
The aim of this part of project was therefore to investigate the potential for such a
system to curb excess temperatures. First, a simulation of a single family nNEB was
conducted. Several different cases investigating the effect of window opening,



ventilation air flow rate and installation of a free cooling system was simulated. To
validate the simulation results, a prototype was installed in a real nZEB. The
measurements confirmed that it is possible to lower the indoor temperature
considerably by free cooling by use of the borehole and supply the air system, even
though the cooling capacity is limited due to restrictions on ventilation rates and
supply air temperature.

Since domestic hot water heating constitutes a larger part of the total heating
demand in a nZEB, a test method for evaluating the performance of a heat pump
system which supply space and domestic hot water heating simultaneously, has
been developed during the project.

During the project time, new heat pump models for nZEBs have been developed by
the participating companies. These have been evaluated from energy use and LCC
perspectives and the new models showed improved performance from both
perspectives.
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1 Bakgrund

Detta projekt var till stor del en fortsattning ett tidigare genomfért effsys+-finansierat
projekt "Varmepumpar for Nara-Noll-Energi-smahus och -flerbostadshus (P17).
Ursprunget till dessa projekt ar att direktivet om byggnaders energiprestanda,
2010/31/EU (EPBD?2) staller krav pa mycket lag energianvandning i alla byggnader
vid en ny- eller om byggnad fran 2021 och tidigare genomforda effsys2-projekt hade
visat att vdrmepumpar var ett energimassigt attraktivt alternativ for dessa byggnader,
men att det da inte fanns produkter som var anpassade storleks- eller
kostnadsmassigt. Den l6sning som i det tidigare projektet av flera skal visade sig
mest attraktiv var en berg/markvarmepump i kombination med ett balanserat
ventilationssystem med varmeatervinning. Skalen var energieffektivitet,
livscykelkostnad (LCC) och potentialen for lastutjamning i ett framtidens smarta nat.

Runt om i Europa finns ett visst antal Nara-Noll-Energi-hus, men konceptet var,
atminstone da detta projekt paborjades fortfarande i pilot- eller demonstrationsstadiet
enligt Wemhoner och Kluser (2014). | de hus som finns ar varmepumpar vanliga pa
grund av den flexibilitet de erbjuder —, de kan erbjuda bade rumsvarmning/kylning
och tappvattenvarmning samtidigt och de gor att man far storre frihet i att designa
byggnadsskalet. Det sistnamnda beror pa att dess energieffektivitet erbjuder att aven
sadana formfaktorer for husen som kraver nagot hogre uppvarmningsbehov, kan
tillatas. Varmepumpar kan dessutom pa ett effektivt satt kopplas till olika varmekallor
och sankor och de kan erbjuda lastutjamning i ett framtida smart elnat. Dessutom
anses varmekallan i EU fornyelsebar om SPF ar éver 2,63. Darfor erbjuder EUs
NNE-mal stora marknadsmajligheter for varmepumpar, men for oka dess
konkurrenskraft behdver de integreras med 6vriga byggnadssystem (Wemhéner,
2016). Detta ger aven svensk industri stora exportmajligheter.

SP deltog i EU-projektet NEED4B. Syftet med detta projekt var att ta fram en dppen
och anvandbar metod for att uppna energieffektiva byggnader. Metoden ska
involvera intressenter i planerings-, byggnads- och anvandarfaserna. Inom detta
projekt har tva enfamiljshus byggts i Sverige — en forskningsvilla pa RISE omrade i
Boras, i vilken brukarbeteendet for de boende simuleras, och en likadan villa i
Varberg, dar en familj flyttade in under sommaren 2015. | bada villorna pagar
noggranna energimatningar under husets forsta tva ar. Forskningsvillan i Boras ar
byggd for att kunna erbjuda olika forskningstjanster i framtiden. Detta hus lampar sig
mycket val for att utvardera olika varmepumpssystem under verklig drift.

| september 2015 tradde ekodesign- och energiméarkningsférordningarna for
varmepumpar kopplade mot vattenburna distributionssystem i kraft (EU nr 813/2013
och EU nr 811/2013). Markningen som &r obligatorisk &r baserad pa en



sasongsbunden energieffektivitet for rumsuppvarmning (ns) samt energieffektiviteten
vid uppvarmning av tappvarmvatten (nwn). Detta ar en stor fordel jamfort med det
underlag som tidigare fanns fér en konsument att basera sitt val av produkt pa och
har stimulerat till 6kad energieffektivisering av produkterna (VHK, 2017). Dock
bestams prestandan vid ren varmedrift och ren tappvarmvattendrift, vilken inte helt
avspeglar verkligheten for ett lagenergihus dar varmen for tappvarmvatten utgor en
stor del av det totala uppvarmningsbehovet. | den standard som ligger till grund for
prestandatesterna for varmedrift, EN14825, gors vissa teoretiska antaganden vilka
har goda fysikaliska grunder, men jamforelser med verklig drift & nédvandig for att
kunna utveckla standarder och férordningar i ratt riktning. Det ar viktigt att de
produkter som far bast markning ocksa ar de som leder till bast energieffektivitet i
verkligheten. Det finns idag ingen allmant accepterad metod for att utvardera och
presentera prestandan vid samtidig varmning av varmvatten och rumsvarme.
Ansatser for att utveckla en sddan metod gjordes i IEA HPP Annex 28 [3], men det
var innan de metoder som ligger till grund for ekodesignkraven och
energimarkningen togs fram och det arbete som gjordes inom Annex 28 behdvde
darfor uppdateras.

Den utvarderingsmetod (EN14825) som ligger till grund fér energimarkningen
innebar att kdldbarartemperaturen i till vArmepumpen ar 0°C oavsett klimat,
varmebehov eller styrstrategi (on/off kontra varvtalsstyrning). Detta &r ett grovt
antagande som eventuellt behover utvecklas om energiméarkningsférordningen ska
vara teknikdrivande. Dock ar det viktigt att en sadan revidering i sa fall ar val
underbyggd varfor det fanns, och fortfarande finns, behov av métningar och analyser
inom omradet.

Tidigare genomforda faltmatningar i lagenergihus, exempelvis i det s.k. Hamnhuset i
Goteborg, visar att Gvertemperaturer latt kan uppstd sommartid i dessa valisolerade
hus. | manga fall gar det dock att avhjalpa med vadring, men sadan ar inte alltid
onskvard [4]. Anledningen kan antingen vara buller eller otrygghet, men ocksa en
dnskan fran de boende att inte f& in for mycket pollen eller luftféroreningar av allergi-
eller halsoskal. Det ar val kant att borrhalet kan anvandas for frikyla sommartid (ref i
AIVAC paper) och har huset ett tillufts-system kan den svalare luften enkelt
distribueras via detta. En sadan I6sning innebar att varmepump och FTX-system
maste kopplas samman och styras integrerat, vilket séllan gors idag och har behovs
mer kunskaper om hur sadan samdrift bor goras.
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2 Projektdeltagare

Tre varmepumpsforetag med lang erfarenhet fran branschen, Bosch Thermoteknik,
Danfoss Varmepumpar (numera Thermia) och NIBE har deltagit i projektet. Deras
produkter har utvarderats och de har deltagit i utférandet. Byggbranschen &ar ocksa
representerad i projektet via Skanska och TMF (Tra- och Moébelforetagen).

Alla dessa parter har bidragit med viktiga kunskaper och erfarenheter till projektet.

De deltagande varmepumpsféretagen har &aven bidragit med utvecklings-
utvarderingsarbete i projektet och aven med material.

TMFs berakningsprogram har anvants for utvardering inom projektet.

RISE Research Institutes of Sweden har varit projektledare och huvudutférare av
projektet.

o)
3 Mal
Det 6vergripande syftet med projektet var att ta fram

Okade kunskaper om varmebehov och varmepumpsdrift i NNE-byggnader,
innefattande

e Okade kunskaper om hur olika driftsparameterar paverkas med ett varvtalsstyrt
system jamfort med ett on-off-system, for olika typer av distributionssystem, for
att pa sa satt ta fram underlag om hur val energiméarkningen éverensstammer
med verkligheten

e Okade kunskaper om hur sammankopplingen med en tank paverkar
driftsparametrarna for ett varmepumpssystem, for att f& underlag for hur
varmepumpssystem kan utvecklas for framtidens smarta nat

e Okade kunskaper om vilka tappvarmvattenprofiler och forhallande
rumsvarme/tappvarmvatten varmepumpar for NNE-hus bor utvecklas och
utvarderas for

e Okade kunskaper om hur varmepumpssystem kan integreras med husets
ventilationssystem och varmeatervinning (FTX) och hur detta paverkar olika
driftsparametrar och mojligheter till frikyla

Malen med projektet var
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e framtagandet av minst tva prototyper av varmepump for NNE-hus baserad pa
delresultaten fran projektet, optimerad map livcykelkostnad och med en kortare
aterbetalningstid an den som togs fram under foregdende projekt

e framtagandet av en metod for prestandautvardering i laboratorium av
varmepump med samtidig rums- och tappvarmvattenvdrmning som har
potential att bli allmant accepterad av bade foretag som séljer denna typ av
produkt samt av de féretag som inte gor det.

Projektet skulle framst bidra till att foljande av Effsys Expands effektmal uppnas:

e Tillhandahalla systemldsningar for kyla och varme som langsiktigt bidrar till att
na EUs 2050-mal

e Bidra till att varmepumpar fran svensk industri drar nytta av, och uppfyller
kommande krav i EUs ekodesignkrav.

4 Genomfdrande och resultat

4.1 Utvardering av varmepumpsystemen i RISE
forskningsvilla och dess systervilla

Beskrivning av utvarderingsobjekt

Inom det EU-finansierade projektet NEED4B som RISE deltog i byggdes tva
lagenergihus, som kan betecknas som NNE-hus enligt dagens krav, och med stor
sannolikt aven enligt de kommande kraven fran 2020. Det ena huset ar byggt i
anslutning RISE anlaggning i Boras som en forskningsvilla dar det finns majlighet att
mata manga olika parametrar. | detta hus finns det inga vanliga brukare utan de
boende simuleras med hjalp av varmelaster som gar pa och av. Detta hus har ett
varmepumpsystem bestaende av en on-off-styrd varmepump samt en tank och bada
planen i huset varms upp med hjélp av ett golvvarmesystem.

Inom NEED4B-projektet byggdes aven en, i stort sett identisk, systervilla i Varberg.
Detta hus &gs och bebos av en familj. | denna villa finns ett varvtalsstyrt
varmepumpssystem. Detta hus varms upp via ett golvvarmesystem pa forsta vaningen
och ett radiatorsystem pa andra vaningen.

Bagge husen har ventilationssystem med bade till- och franluftsventilation samt
varmeatervinning. Nar husen projekterades och byggdes var malet att deras
energianvandning skulle vara lagre an 40 % av davarande krav i byggreglerna.
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| Tabell 1 nedan sammanfattas egenskaperna for de olika varmepumpssystemen i
husen.

Tabell 1. Sammanfattande egenskaper for de hus och varmesystem som utvéarderats

Ort Boras Varberg
Size e 166 m?2, 22 kWh/m?/ar e 166 m?2, 20 kWh/m2/ar
(projekterat rums- och (projekterat rums- och
tappvarmvattenbehov) tappvarmvattenbehov)
Ventilation ¢ Balanserat ventilations- ¢ Balanserat ventilations-
system med system med
varmeatervinning varmeatervinning
Varmekalla e Bergvarmepump (4.5 kW, e Bergvarmepump (6 kW,
pa/av-styrd) varvtalsstyrd)
e Ackumulatortank e Borrhal 90 m (71m aktivt)
e Borrhal 90 m (81m aktivt) ¢ Dimensioneringstemperatur:
e Dimensioneringstemperatur: 0°C
0°C
Varmesystem | e« Golvvarme pa bagge planen | o Lagtemperatur-radiatorer pa
¢ Dimensionerande dvervaning
temperatur: 36°C vid DVUT | e Golvvarme pa bottenvaning
(dimensionerande vinter-
ute-temperatur)
Solenergi e Solceller 3000 kWh/yr e Solceller 3000 kWh/yr
Brukare e Simulerad familj o Verklig familj

aStyrd via en utomhuskurva och vald varmekurva

Metod for utvardering

De parametrar som utvarderades var varmepumpens framledningstemperaturer till
tanken jamfort med den temperatur som systemet for ut pa varmesystemet,
varmebarar- och kéldbararfloden, kéldbarartemperaturen under varmepumpens drift,
varmekapacitet, elanvandning och effektivitet vid rumsvarmning och
tappvarmvattenvarmning. Tankens kapacitet for energilagring utvarderades ocksa.

Resultat fran utvardering
Resultaten fran dessa utvarderingar beskrivs i huvudsak i den konferensartikel som
presenterades pa Cold Climate HVAC-konferensen i Kiruna i mars 2018 (Haglund
Stignor m.fl, 2018) som finns i Bilaga 1. De huvudsakliga slutsatserna fran den
studien var att

e Pa/av-drift av en varmepump i kombination med en tank i ett varmesystem
resulterar i hdgre arbetstemperaturer i varmepumpen jamfort med en
varvtalsstyrd varmepump. Hansyn till detta behover tas da projekterad
energianvandning beréaknas, sarskilt i fall d& varmepumpen ar
"6verdimensionerad” i hus med laga varmebehov.
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e Varmekurvorna i standarden EN14825 (SIS, 2016) dverensstamde relativt val
med uppmaétta varden for bagge husen, forutom i nar varmebehovet var lagt
och varmepumpens kapacitet och fléde varvtalsstyrdes.

e Koldbarartemperaturen da varmepumpen var i drift, var ofta betydligt hogre an
de testpunkter som specificeras i standarden EN14825.

e Varmepumpen och dess varmesystem, radiatorer och/eller
golvvarmesystemet, borde optimeras gemensamt, bade med avseende pa
dimensionering och styrning, for att basta energieffektivitet ska uppnas.

Da tankens kapacitet for energilagring utvarderades fann man att den hade en
energilagringskapacitet i storleksordningen 0,8 kwWh. Varmevattnet ut till
golvvarmesystemet cirkuleras kontinuerligt genom tanken. N&r varmepumpen ar i
drift laddas tanken med varmeenergi och temperaturnivan i tanken stiger, eftersom
varmebararflodet ut ur tanken ar mindre an det till tanke. Darmed ar uttaget av
varme mindre an tillférseln av varme. Figur 1 nedan visar tillférsel och uttag av
varmeeffekt for tanken samt den lagrade energinivan under en pa-av-cykel. De stora
variationerna i niva pa varmeuttag beror pa att flodet i golvvarmesystemet regleras
upp och ner av dess styrsystem.

= = kgmpressor izdrift
= E 6 78 1.2
,_IH L Igte
Ll II_I 54 ) Jl‘.'\" 1
I 4 | g;: )y W :
- _©_-.-'_ 3 4 A 0,8
| e - ) 77 1
y 234 1 0,6
-~ ' l §
2 3 1 0,4 <
| I l |
1 | \ 0,2
- W"“
0 - T | T f Y T 0
0 20 40 60 80 100 120
= e e \/Grmeeffekt till tank min e \/3rmeeffekt till virmesyste)|
Energilagring i tank

Figur 1. Schematisk skiss dver tankens inkoppling i varmesystemet (till vanster) och uttag och
tillférsel av varme samt lagrad varmemangd i tanken (till héger).

Jamforelse av uppmatta varden och predikterade varden

Baserat pa uppmatta varden har systemarsvarmefaktorer, SCOP (Seasonal
Coefficient of Performance) for systemen berdknats. | Bilaga 1 redovisas
genomsnittliga systemvarmefaktorer manadsvis for de tva varmepumpssystemen och
i Figur 2 nedan redovisas SCOP pa arsniva.

De uppmaétta vardena har sedan jamforts med predikterade véarden enligt olika
berakningsmodeller, baserade pa standarderna EN14825 (SIS, 2016) och EN14511
(SIS, 2013). Enligt dessa standarder ska den pumpenergi som kravs for att
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overkomma varmepumpens interna tryckfall dver varmevaxlare etc inkluderas i
varmepumpssystemets drivenergi. Darfor gors korrigeringar av uppmatta varden
baserade pa antagna verkningsgrader for cirkulationspumpen. Sasom standarden
EN14511 var formulerad fram till bérjan av ar 2018 innebar detta ofta en sa pass stor
korrigering att "hela pumpens drivenergi” drogs bort fran varmepumpens drivenergi.

De varden som redovisas for i Bilaga 1 inkluderar hela drivenergin foér
cirkulationspumparna. Dessa drivenergier har inte uppmatts separat, men med hjalp
av pumpkurvor samt matning av floden och drifttider har drivenergin till pumparna
uppskattats och de redovisade systemarsvarmefaktorerna korrigerats sa att de
inkluderar drivenergi till cirkulationspumparna samma utstrackning som be beréknade
vardena gor.

Ambitionen har varit att korrigera uppmatta varden pa samma satt som indata till
beréknade varden har korrigerats.
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Berdknat, C Berdknat, Berdknat, Uppmatt, Uppmatt, Uppmatt,
Boras Boras, tank inkl pump exkl pump exkl pump,
sep-maj

SCOP

Figur 2. SCOP for varmepumpssystemet i forskningsvillan i Boras. Beréknade varden ar
jamférda med uppmatta varden.

Nar det galler varmepumpssystemet i forskningsvilan i Bords, var
tappvarmvattenanvandningen under utvarderingsperioden mycket liten och de
redovisade uppmétta vardena i Bilaga 1 utgors i stort sett enbart av varmeférluster for
att halla vattnet i varmvattenberedaren varmt. Darfor har jamforelse i forsta gjorts med
beréknade varden enligt standarden EN14825 (SIS, 2016) som enbart galler for
rumsuppvarmning, dels for detta kalla klimatet, C enligt standarden EN14825, dels for
Boras-klimat enligt Meteonorm program 6.1 Som synes blir skillnaden lite mellan
dessa tva beraknade varden och skillnaden i klimaten har darmed en liten paverkan
enligt modellen. For de uppmatta vardena har aven varmeforlusterna fran tanken
raknats in som "nyttig” varme under de manader da huset har ett uppvarmningsbehov,
september till maj. Staplar redovisas bade fore och efter korrigering av pumpenergier
for de uppmatta vardena. Berakningarna enligt modellen i EN14825 gors egentligen
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enbart for sjdlva uppvarmningssasongen. Darfor har en jamforelse gjorts dar
manaderna juni-augusti, da uppvarmningsbehovet ar mycket litet, uteslutits fran de
uppmatta vardena. Som synes fas da mycket bra éverensstammelse mellan uppmatta
och predikterade varden.

Ackumulatortankens blandningsférluster gor att varmepumpen behover arbeta med
hdgre temperatur an vad standarden EN14825 antar. Darfor har ett predikterat varde
beréknats, for vilket det har antagits att varmebarartemperaturen &r 1°C jamfort med
EN14825, i enlighet med resultaten i Bilaga 1. Detta far viss men mindre betydelse for
det beréknade vardet (se den tredje stapeln fran vanster.

En varmepump som gar med on-off-drift behover arbeta med hogre temperatur nar
den gar for att kompensera for att inget temperaturlyft gors nar den inte ar igang. Detta
tar standarden EN14825 hansyn till pa ett idealt satt. | Figur 3 avser den streckade
linjen den temperatur som modellen enligt standarden antar att en pa-av-styrd
varmepump behover arbeta med under de givna forhallandena. Som synes ar de
uppmatta temperaturerna hogre jamfort med de predikterade enligt standarden. Detta
beror dels pa blandningsforluster i tanken, men sannolikt &ven pa golvvarmesystemets
styrning som gor att flodet i golvvarmesystemet varias relativt frekvent, vilket ”stor” och
“trycker upp” varmepumpens varmebarartemperatur och darmed
kondenseringstemperatur (se Bilaga 1).

Fran resultaten i Bilaga 1 vet vi att varmepumpen arbetade med hogre
koldbarartemperaturer &n vad modellen i standarden foreskriver. Detta borde ha lett
till battre uppmatt prestanda, men kompenseras sannolikt av att aven
varmebarartemperaturen ar hégre en vad modellen i standarden antar.

40 -
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Framledningstemperatur (°C)

20 T T T T
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Figur 3. Uppmaétta varmebarartemperaturer jamfért med de som predikteras enligt standarden
EN14825. De lagre vardena (bruna symboler) & uppmatta temperaturer ut pd varmesystemet,
jamforda med varmekurvan for LT system enligt EN14825. De hdgre varderna (rdda symboler)
ar uppmatta varden pa varmebararflodet fran varmepump till tank, jamforda med den
temperatur En14825 antar att varmepumpen arbetar vid.

Nar det galler varmepumpssystemet i Varberg, s& har det varmt bade
rumsvarmevatten och tappvarmvatten. Darfér har uppmatta varden jamforts med
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beraknade varden enligt en metod som utvecklats av RISE (tidigare SP) SP-metod
4967-02 (SP, 2014), vilken med hjalp av uppmatta varden enligt standarderna
EN14825  for  rumsuppvarmning  och EN16147 (SIS, 2017)  for
tappvarmvattenvarmning berédknar en predikterad systemarsvarmefaktor for
kombinerad drift, SCOPkombi. | denna metod kan man valja kallt (C), medel (A) eller
varmt klimat (W) enligt standarden EN14825. Jamforelser har gjorts med kallt klimat i
Figur 4 nedan. Som synes sa ar det uppmatta vardet betydligt hogre an det
predikterade. Orsakerna till detta ar foljande; Den uppmatta koldbarartemperaturen
var betydligt hogre an vad modellen standarden EN14825 foreskriver (se Bilaga 1).
Under det utvarderade aret var utomhustemperaturen betydligt hogre jamfort med det
kalla klimatet, se Figur 4. Detta gor att varmesystemet arbetade vid en lagre
framledningstemperatur i snitt &n vad modellen enligt standarden EN14825 féreskriver
(se Bilaga 1). Dessutom verkar det vara sa att varmebararpumpens flode tkas, da
husets varmebehov ar mindre &n varmepumpens minkapacitet, for att forhindra att
kondenseringstemperaturen “trycks upp”. Detta tar inte modellen i standarden
EN14825 héansyn till.

Vart att noter dock ar att under forsta arets matningar var uppmatt SCOPkombi nastan
en hel enhet lagre, vilket berodde péa att systemet inte riktigt gick som det borde pga
problem med flodesfordelningen mellan de olika planen i huset (golvvarme och
radiatorer) samt med val av varmekurva. Detta visar pa hur viktigt det ar att systemet
driftsatt korrekt for att fa basta mojliga prestanda.
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Figur 4. SCOPkombi for varmepumpssystemet i villan i Varberg. Beréaknade varden ar jamforda
med uppmaétta varden.

Slutsatser fran jamforelser av predikterade och uppmétta
varden

Slutsatserna fran dessa jamforelser ar att standarden och de modeller som baseras
pa denna, predikterar prestandan fér varmepumpssystemet relativt val. Den ar ratt
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konservativ nar det galler kdldbarartemperaturen, och antar en relativt |ag temperatur.
A andra sidan har de system som utvéarderats varit i drift under relativt kort tid.

Standarden EN14825 och de modeller som bygger pa den lyckas inte fullt ut hantera
kombinationen av varvtalsstyrd kompressor och cirkulationspump, sarskilt inte vid
lagre varmebehov.

En av de mest slaende iakttagelserna ar vilken stor betydelsestyrningen av de
kringliggande systemen och idriftagningen har for prestandan. Det ar flera iakttagelser
som tyder pa att varmepumpssystemen inte alltid fungerar optimalt ihop med
varmedistributionssystemet.
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4.2 Framtagande av forslag pa provningsmetod for
varmepumpar som arbetar med samtidig rums- och
tappvarmvattenvarmning

Ett teoretiskt forslag pa provmetod utarbetades, baserat pa erfarenheter hos bade
RISE och tillverkarna. Denna applicerades i laboratoriematningar. Metoden
utarbetades relativt tidigt under projektet vilket gjorde att tillverkarna hade god tid pa
sig att utvardera metoden i sina laboratorier. Den slutgiltiga versionen av metoden
presenteras i Bilaga 2 av denna rapport.

Metoden bygger pa principen att ett varmepumpssystem som &r konstruerad for att,
helt eller delvis, varma varmevatten for rumsvarme samtidigt som den varmer
tappvarmvatten, utvarderas i samtidig drift samt i ren varmedrift och ren
tappvarmvattendrift. En faktor f, som beskriver hur mycket prestandan férandras
(férhoppningsvis forbattras) vid samtidig drift jamfort med alternerande drift berdknas
sedan vid ett antal driftpunkter. Data fran dessa punkter anvands sedan som indata
vid berdkning av ett kombinerat SCOP (SCOPkombi ) for varmepumpssystemet. For
ett varmepumpssystem som har rent alternerande drift antas faktorn f vara lika med
1 och utvardering vid ren varmedrift och varmvattendrift ar tillracklig for att beréakna
ett SCOPkombi.

4.3 Integrering av varmepumpsystem och FTX-
aggregat

| denna del av projektet utvarderades mojligheten att kyla huset sommartid med
hjalp av borrhalet och det balanserade ventilationssystemets tilluftkanaler. | ett férsta
steg gjordes berakningar med IDA-ICE, och da resultaten darifran sag lovande ut
byggdes en prototyp av detta kylsystem. Ett kylbatteri monterades i tilluftskanalen
fore FTX-aggregatet i forskningsvillan. Den termiska komforten i huset utvarderades
darefter. Tillvagagangssattet och resultaten redovisas i Bilaga 3, i det manuskript
(Gustafsson m.fl, 2018) som skickats in till konferensen AIVC som gar av stapel i
september 2018 i Juan Les Pins, Frankrike.

De huvudsakliga slutsatserna fran denna del av projektet var féljande:

e Det &r mojligt att sdnka inomhustemperaturen betydligt med hjalp av ett
kylbatteri som kopplas till borrhalet samt till huset tilluftssystem.

e Eftersom den tillgangliga kylkapaciteten ar begransas, bade av borrhélets
kapacitet, samt av begransningar av flode och temperatur i tilluften, ar

styrningen av systemet viktig. Det ar nédvandigt att borja kyla innan det
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verkliga kylbehovet har uppstatt, for att sa langt som mgjligt undvika
Oovertemperaturer.

e Att Oka ventilationsflodet, eller vadra, ar under svenska forhallanden, ofta ett
mycket effektivt satt att minska antalet timmar med 6vertemperaturer.
Styrningen ska darfor utformas sa att luftflodet forst 6kas, och darefter startas
kylningen med hjalp av borrhalet.

4.4 Utveckling av och utvardering av nyutvecklade
varmepumpsystem

Under projektets gang har de medverkande varmepumpsforetagen utvecklat nya
modeller av varmepumpar avsedda for NNE-hus, delvis med hjalp av input fran
resultaten  fran projektet. Erfarenheterna  fran utvarderingarna  av
varmepumpssystemen i de tva villorna, visar att det &r manga yttre parametrar, vilka
ar svara att styra 6ver, som kan ha en stor paverkan pa prestanda och energibehov.
Darfoér beslutade projektgruppen att det i denna del av projektet skulle vara mest
givande att utvardera de nya varmepumpsmodellerna berédkningsmassigt, baserat pa
indata fran laboratoriematningar.

Metod for utvardering av energiprestanda
Under projektets gang har de medverkande foretagen tagit fram nya produkter
anpassade efter de existerande Energimarkningskraven samt framtida kommande
krav pa energianvandning och installerad effekt for NNE-hus, delvis med hjalp av
resultaten fran detta projekt. | skrivande stund ar det fortfarande inte sakert hur
kravnivaerna i BBR for nybyggda och renoverade byggnader kommer att vara efter
ar 2020, aven om forslag har presenterats. Vissa av de produkter som har utvecklats
finns idag pa marknaden och vissa &r annu i prototypstadiet. Av konkurrensskal
anges inte produktnamn da resultaten presenteras nedan. Av samma skal anges
inte heller om produkten finns pad marknaden annu eller inte.

De olika varmepumpssystemen har utvarderats pa laboratorium hos de deltagande
foretagen och dess energianvandning och nuvarde har utvarderats
berakningsmassigt av RISE baserat pa test- och berakningsdata fran tillverkarna
samt med hjalp av data fran energimarkningarna.

Energianvandningen for varmepumpssystemen har dels utvarderats med hjalp av
SP-metod 4967, vilket ar en berdkningsmetod utvecklad av RISE (fd SP) dar
resultaten fran teststandarderna EN 14825 och EN 16147 sammanvags for att
berékna prestanda och energianvandning for ett varmesystem som bade levererar
rumsvarme och tappvarmvatten.
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| Figur 5 nedan visas resultaten fran berakningarna. De visar att bagge de
nyutvecklade systemen ar mer energieffektiva &n det befintliga
varmepumpssystemet i forskningsvillan.
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Figur 5. Predikterade SCOPkombi for det befintliga och de nyutvecklade
varmepumpssystemen for forskningsvillan i Boras.

| SP-metod 4967 kan enbart varmepumpssystemet prestanda jamforas. Darfor har
aven TMF-programmet anvants for att utvardera energianvandningen eftersom man
med hjalp av detta kan utvardera olika kombinationer av varmepumps- och
ventilationssystem och aven jamféra dem med andra varmesystem.

De systemldsningar som utvarderats med hjalp av TMF-programmet redovisas i
Tabell 2 nedan. Eftersom franluftsvarmepumpen ar en vanligt férekommande l6sning
i nybyggda smahus idag, atminstone de mindre och medelstora, ar det viktigt att ha
med denna som referens. Denna uppvarmningslosning kraver ett franluftsystem for
ventilationen och darfor har aven de andra varmepumpsldsningarna jamférts med
sadant ventilationssystem.

Na&r det galler FTX-aggregatet har prestanda for en roterande varmevaxlare anvants
i berdkningarna, vilket innebar en verkningsgrad pa 82% med avseende pa tilluften
vid standardpunkten +7/+20 °C enligt EN 13141-7. En sadan varmevaxlare har inget
behov av avfrostning vid ldga utetemperaturer. | programmet antas dock
verkningsgraden ha sjunkit till 78,6 % vid DVUT -13,6 °C enligt tabellvarde beraknat
av SMHI vid aktuell tidskonstant.

Varmepumpssystem lampar sig vél att kombinera med solceller. Darfér har aven
solceller lagts till franluftvarmepumpssystemet som ett exempel. Detta skulle givetvis
kunna laggas till 6vriga system ocksa och liknande resultat skulle da erhallas. For att
kunna inkludera bidrag fran egenproducerad solel i jamforelserna kravs att aven
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hushallselen inkluderas i jamforelserna. Staplarna nedan visar alltsa summan av
hushallsel samt el till uppvarmning och ventilation.

Tabell 2. Olika systemldsningar utvarderade med hjalp av TMF-programmet samt for
nuvardesberakningar

LVVP+F Luftvattenvarmepump med franluftsventilation

LVVP+FTX Luftvattenvarmepump med fran- och tilluftsventilation med varmeatervinning

VVVP+F Bergvarmepump med franluftsventilation

VVVP+FTX Bergvarmepump med fran- och tilluftsventilation med varmeéatervinning

FLVP Franluftvarmepump (franluftsventilation)

FLVP+PV Franluftvarmepump (franluftsventilation) inklusive solceller (3 kw, 3000 kwh/ar)

EL+FTX Elpanna med frén- och tilluftsventilation med varmeétervinning

EL+FTX+TS Elpanna med frén- och tilluftsventilation med varmeatervinning samt solvirme
(inklusive ackumulatortank)

FIV+FTX Fjarrvarme med fran- och tilluftsventilation samt varmeatervinning

Resultat fran utvardering av energiprestanda
Resultaten fran utvarderingen med hjalp av TMF-programmet (TMF, 2017) visar att
den systemldsning som ar den mest energieffektiva ar den som bestar av en
varvtalsstyrd vatskavattenvarmepump och ett balanserat (fran- och tilluft)
ventilationssystem med varmeatervinning, se Figur 6. | detta diagram visas kopt
energi inklusive hushallsel. Losningen att lagga till solceller visas enbart for
franluftsvarmepumpen (FLVP), men liknande resultat fas aven fér 6vriga
varmepumpslosningar (se Tabell 3).
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Figur 6. Resultat fran utvardering av kopt och sald elenergi mha TMF-programmet, inklusive en
antagen anvandning av hushallsel pa 4662 kwh. Notera att solceller enbart har lagts till som
ett exempel for en av varmepumpsldsningarna (for dvriga se Fell Hittar inte referenskalla.).

| Tabell 3 nedan har de utvarderade systemldsningarna utvarderats mot dagens och
kommande BBR-krav. Alla utvarderade varmepumpssystem skulle klara bade
nuvarande och kommande (sannolika) BBR-krav med god marginal, utan
varmeatervinning pa ventilationen och utan solceller. Ett varmesystem baserat pa en
elpanna kommer inte klara kommande BBR-krav, utan solceller, a&ven om
forskningsvillan ar ett mycket valisolerat hus och varmeatervinning tillampa
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Tabell 1 Sammanstélining av beréakningsresultat

Sammanstallning av berdkningsresultat for Forskningsvillan i Boras

utan solceller)

LVVP+F LVVP+FTX VVWWP2+F | VWVP2+FTX FLVP EL+FTX EL+FTX+TS | FJV+FTX
Kopt energi (exklusive hushéllsel*) kWh/&r 4289 3540 3362 2979 3832 8368 6364 8368
Specifik energianvéndning (BBR24) ** KWh/m? &r 27,6 22,8 21,6 19,2 24,7 53,8 41,0 53,8
Energiklass (BED9) B A A A A C B B
Primérenergital EPpgr (BBR25) *** kwh/m? &r 44,2 36,4 36,8 30,9 39,5 86,2 65,5 58,6
Energiklass (BED9) - A A A A A C B B
Priméarenergital EPpgr (BBR2020) **+* Kwh/m? &r 54,5 44,1 42,3 36,7 48,2 105,4 81,5 61,2
Energiklass (BED9) - B B B A B D D C
Sammanstallning av berakningsresultat for Forskningsvillan i Boras (med solceller, men utan batterilager)

LVVP+F LVVP+FTX VVWWP2+F | VWVP2+FTX FLVP EL+FTX EL+FTX+TS | FJV+FTX

Kopt elenergi (exklusive hushallsel*) kWh/ar 3856 3050 3024 2560 3430 7463 5723 8112
Specifik energianvéndning (BBR24) ** KWh/m? &r 24,8 19,6 19,5 16,5 22,1 48,0 36,8 52,2
Energiklass (BED9) A A A A A C B B
Primérenergital EPpgr (BBR25) *** kwh/m? &r 39,7 31,4 31,1 26,4 35,3 76,8 58,9 55,9
Energiklass (BED9) - A A A A A C B B
Priméarenergital EPpgr (BBR2020) **+* Kwh/m? &r 49,3 38,2 38,1 31,6 43,3 94,2 73,5 58,2
Energiklass (BED9) - B A A A B D C B

*) Hushallsel 4662 kWh/ar

**) Kravnivd BBR24: Elvarme (varmepumpar, direktel) 55 kwWh/m? ar, Icke-elvarme (fiarrvarme) 90 KWh/m? &r
***) Kravnivd BBR25; 90 kWh/m? &r (primarenergifaktor el 1,60; geografisk justeringsfaktor Bor&s 1,0)

%) Kravnivd BBR2020; 80 kwWh/m? &r (primarenergifaktor el 1,85; geografisk justeringsfaktor Bor&s 0,9)
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Metod for utvardering av nuvarde

Nuvardet &r det berdknade vardet for en investerings framtida kassaflode, eller i detta fall,
besparing relativt ett annat alternativ, diskonterat med hansyn till en given kalkylrantesats.
Nuvardet har har beréknats med hjalp av de férordningar och riktlinjer p& EU-nivad som
rekommenderas for att uppfylla kraven i EPBD — "Energy Performance of Buildings
Directive” — (EU, 2012a, 2012b) for de olika systemldsningar for uppvarmning och
ventilation som utvarderades energimassigt i tidigare kapitel. Uppvarmning med hjalp av
direktel i kombination med ett FTX-ventilationssystem ar det system som anvants som
referenssystem i denna jamforelse, eftersom det ar det system som har lagst investering
men hogst driftskostnad. Huvudsyftet har varit att jamfora olika kombinationer av
varmepumpssystem och ventilationssystem med varandra. Jamférelsen med fjarrvarme
som uppvarmningssystem ar inte helt relevant. Dels eftersom mgjlighet till att ansluta sig
till fjarrvarme langt ifran alltid finns for smahus och dels eftersom fjarrvarmepriset varierar
mycket olika orter emellan och en kund (sa gott som alltid) &r Iast till den lokala
fiarrvarmeleverantoren. Fjarrvarmelosningen finns dock anda med som ett referensfall,
aven om detta inte ar huvudfokus for denna studie.

De forutsattningar, dvs indata, som anvants i berakningarna, anges nedan. Dessa ar
antaganden ar baserade pa& Oppet tillganglig information och diskussioner med
projektgruppen dar gruppen kommit 6verens om att dessa varden &r rimliga. Varden pa
livslangder har i forsta hand hamtats fran referensen SIS (2017). Nar det galler solceller
har de forutsattningar som galler idag med investeringsstéd och skattereduktion for sald
el antagits, aven om det idag inte ar sakert att dessa kommer att galla under hela den
antagna livslangden. Vissa varden, som exempelvis den forvantade elprisokningen ar
mycket osaker. Darfor har en kanslighetsanalys gjorts for just denna parameter, dar
elprisokningen har okats fran 3% till 6% per ar, for att se hur mycket detta slar pa
slutresultatet.

Nar det galler priser for bergvarmepumpar, sa tyder mycket av de efterforskningar som vi
gjort utifrdn vilka priser som erbjuds en kund att en varvtalsstyrd bergvarmepump
(vatskavattenvarmepump) inte nodvéandigtvis behdver kosta mer an det system med
pa/av-styrd vatskavattenvarmepump samt en extra tank som finns i forskningsvillan idag.
En kanslighetsanalys pa vilka effekter det far pa nuvardet om priset for den dkas med
10 000 SEK (fran 63 000 SEK till 73 000 SEK) har dock gjorts.
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Tabell 1. Antagna varden pa indata for nuvardesberakningar

Kalkyranta (exkl inflation) 4 % per ar

Energiprisokning, el 3 % per ar *

Energiprisokning, fjarrvarme 2 % per ar *

Berdkningsperiod (20-30 ar) 30 ar

Initialt elpris, kopt el 1,35 SEK per kWh **

Initialt elpris, sald el 0,95 SEK per kWh **

Initialt fjarrvarmepris 0,85 SEK per kWh **

Initialt fast fjarrvarmepris 2000 SEK per year **

*Energiprisokning utéver generell inflation

**Inklusive skatter och eventuella natkostnader

Investeringar: Underhallskostnad | Inkdpskostnad | Installations- Beddmd
(under berdkningsperioden) (SEK/ar) (SEK) kostnad(SEK) livslangd (ar)
Franluftsflakt 200 3000 2000 15
Kanalsystem, franluft 200 12000 8000 30
FTX-aggregat 1000 20000 5000 15
Kanalsystem, fran- och tilluft 300 30000 20000 30
Elpanna 200 27000 8000 25
Elpanna med termiska solfangare och tank 400 47000 18000 25
Luftvattenvarmepump, utomhusdel 600 45000 5000 10
Luftvattenvarmepump, inomhusdel 400 35000 10000 20
Berg(vatskavatten)varmepump 500 63000 12000 15
Borrhal 100 m 0 35000 5000 60
Borrhal 70 m 0 25000 5000 60
Franluftsvarmepump exkl kompressor 500 58000 8000 15
Inverterstyrd kompressor till franluftsvarmepump 0 10000 4000 7,5
Fjarrvarmecentral 200 15000 10000 25
Solceller, 3 kW 0 20000 10000 30
DC-AC inverter 10000 5000 15

0
@Energimyndighefen
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Resultat fran utvérdering av nuvérde

| Figur 7 nedan jamférs nuvardet for de olika I6sningar som presenteras i Figur 5, sid 21

med referensfallet elpanna i kombination med fran-och tilluftsventilation med
varmeatervinning (EL+FTX). Resultaten visar att nuvardet for det nyutvecklade
varmepumpssystemet med varvtalsstyrd kompressor ar hégst om inképspriset antas
vara detsamma for de bagge systemen med bergvarmepump (VVVP). Detta ar alltsa
den mest Ibnsamma investeringen ur ett livscykelperspektiv. Eftersom I6sningen med
elpanna i kombination med balanserad ventilation och varmeatervinning (EL+FTX) ar
referensfallet, far den ett nuvarde som ar lika med noll.

180 000
160 000 -
140 000 H
120 000 H
100 000 H

80000 -

Nuvérde (SEK)

60 000 -

40 000 H

20000 A

O |

Ny LVVP Bef VVVP Ny VVVP1 EL+FTX
varvtalsstyrd+FTX pa/av+tank+FTX varvtalsstyrd+FTX

Figur 7. Nuvardet for det befintliga samt de nyutvecklade varmepumpssystemen i
forskningsvillan, jamfort med referensfallet (samma pris ar antaget for de bagge VVVP).

Om man istallet antar att det system med en varvtalsstyrd bergvarmepump (VVVP)
kostar 10 000 kr mer &n det med pa/av-styrd bergvarmepump inklusive en extra tank,
fas de resultat som visas i Figur 8 nedan. Den varvtalsstyrda bergvarmepumpen far
fortfarande hogst nuvarde, men marginalen till den pa/av-styrda sjunker.
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Figur 8. Nuvardet for det befintliga samt de nyutvecklade varmepumpssystemen i
forskningsvillan, jamfort med referensfallet (den varvtalsstyrda VVVP har antagits kosta 10 000 kr
mer &n det pa/av-styrda).

| Figur 9 nedan redovisas resultaten for berdkningarna av nuvarde for de olika
I6sningarna for uppvarmning och ventilation for forskningsvillan i Boras. Notera att den
I6sning som far det hogsta nuvardet ar den investering som ar mest ekonomiskt I6nsam
att gora ur ett livscykelperspektiv. Eftersom I6sningen med elpanna i kombination med
balanserad ventilation och varmeatervinning (EL+FTX) ar referensfallet, far den ett
nuvarde som ar lika med noll. Hogst nuvarde far en franluftsvarmepump (FLVP) tatt foljt
av en vatskavattenvarmepump i kombination med franluftsventilation (alltsa utan
varmeatervinning). | Figur 8 ovan syns att det blir mer energieffektivt att ha ett
balanserat ventilationssystem med varmeatervinning, men under de férutsattningar som
antagits har ar det alltsa inte ekonomiskt [6nsamt. Ur ett teoretiskt perspektiv skulle en
mindre varmepump med lagre investeringskostnad ha kunnat valts d& man har ett
balanserat ventilationssystem jamfort med ren franluftsventilation, men i detta fall har
minsta tillgangliga varmepump valts i bagge fallen. Ett balanserat ventilationssystem
med varmeatervinning ger dock andra férdelar an 6kad energieffektivitet. Det ger en
storre potential for flexibilitet i ett smart elnat, eftersom ett sadant hus har en storre
varmetréghet. Dessutom ger ett balanserat ventilationssystem en bra mojlighet for
distribuering av kyld luft d& borrhalet anvands for frikyla (se avsnitt 4.3). Inte minst kan
det sakerstélla att alla utrymmen blir ventilerade (oavsett eventuell fénstervadring),
forbattra den termiska komforten vintertid och méjliggora effektiv filtrering av
inkommande uteluft.

Losningen med franluftvarmepump kommer ut valdigt bra nar berakningar gors for
forskningsvillan i Boras, vilken ar ett valdigt valisolerat hus (genomsnittligt UA-varde pa
ca 0,14 W/m?). Om berakningar istallet hade gjorts for ett hus med nagot lagre
isoleringsgrad eller nagot storre yta, hade den sannolikt tappat i nuvéarde relativt de
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andra uppvarmningslosningarna. Anledningen till detta &r att dess varmekalla ar
begransad till ventilationsluften.

Resultat fran att lagga till solceller redovisas enbart for franluftsvarmepumpen
(FLVP+PV). Det skulle &ven vara lobnsamt att lagga till solceller for 6vriga
varmepumpsldsningar. Resultaten for solceller galler under forutsattning att de villkor
som galler idag for investeringsbidrag och skattereduktion for sald el fortsatter att galla,
vilket givetvis inte ar helt sékert.

En vatskavattenvarmepump ar alltid mer I6nsam ur ett livscykelperspektiv jamfort med
en (ute)luftvattenvarmepump, trots att den forra innebar en hogre investering. Orsaken
ar delvis en lagre kostnad for vatskavattenvarmepumpen vid framtida utbyte, detta da
borrhalet har en mycket langre livslangd an varmepumpen. En luftvattenvarmepump ar
dock ett bra alternativ i de fall det inte ar mojligt eller 6nskvart att borra.

Den antagna elprisdkningen &r en osaker parameter i denna jamforelse. Darfér har
aven berakningar gjorts med en antagen elprisokning pa 6% per ar istallet for 3% per
ar, vilket var ursprungsantagandet. Resultaten for detta redovisas i 10 nedan och visar
att nuvardet for investeringarna 6kar vasentligt, det blir alltsa mycket mer I6nsamt att
investera i ett varmepumpssystem. Den inbérdes skillnaden mellan de olika
varmepumpslosningarna minskar ocksa, detta da investeringskostnaderna far en
mindre betydelse jamfért med energikostnaderna.

180000

160 000 A

140000 A

120000 4

100000 4

80000 A

60000 A

40000 4

20000 A I
o A

LVVP+F LVVP+FTX VVVP2+F  VVVP2+FTX FLVP FLVP+PV EL+FTX EL+FTX+TS FIV+FTX

Nuvéarde (SEK)

Figur 9. Resultat fran nuvardesberakningar pa olika lésningar fér uppvarmning och ventilation.
Notera att ett s& hogt nuvarde som maojligt efterstravas.
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Figur 10. Resultat frAn nuvardesberakningar pa olika |6sningar fér uppvarmning och ventilation.
En mycket stor elprisdkning pa 6% per ar har antagits har for att se hur den inbdrdes
rangordningen mellan varmepumpssystemen paverkas av denna parameter. Notera att ett sa hogt
nuvarde som mojligt efterstravas.

Slutsatser fran utvardering av nuvérde
De slutsatser som kan dras fran nuvardesberakningarna ar

e De nyutvecklade berg(vatskavatten)varmepumparna ar en mer lénsam
investering an det befintliga systemet med en pa/av-styrd varmepump i
kombination med en extra tank

e Den nyutvecklade (ute)luftvattenvarmepumpen far inte lika hogt nuvarde som
bergvarmepumparna, framforallt pga dess kortare livstid, men &ven till viss del
pga dess effektivitet. Den ar dock ett bra alternativ da det ej ar 6nskvart att borra

e En av de mest Ibnsamma investeringarna i denna jamférelse ar en varvtalstyrd
franluftvarmepump. For ett nagot mindre valisolerat hus an RISE forskningsvilla
hade den sannolikt inte fatt lika hogt nuvarde som en varvtalsstyrd
bergvarmepump

e | kombination med ett viarmepumpssystem I6nar sig inte den extra investeringen
som ett balanserat ventilationssystem med fran- och tilluft samt varmeatervinning
rent ekonomiskt for ett hus som &r sa pass valisolerat som RISE forskningsvilla.
Det ar dock de mest energieffektiva Iésningarna och har aven andra fordelar
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4.5 Sammanstallning och analys av
tappvarmvattenanvandning i 30 NNE-byggnader
(lokaler, flerfamiljshus, smahus) inom Kontrollstation
2015

| denna projektdel skulle en sammanstallining och analys géras av matdata for 30 NNE-
byggnader som var med i Energimyndighetens projekt "Kontrollstation 20157, for att
skapa battre underlag av hur tappvarmvattenanvandningen ser ut i forhallande till det
totala uppvarmningsbehovet, hur tapp-profilerna ser ut etc.

Innan projektansdkan skickades in gjordes en avstamning av projektagaren till
Kontrollstation 2015 och SP (nuvarande RISE) fick l6fte om att fa tillgang till och
anvanda resultaten fran Kontrollstation 2015. Denna projektdel var en mindre del av
projektet som skulle ha gjorts under Q2 och Q3 2016 enligt den ursprungliga tidplanen.
Nar SP under 2015 kontaktade Energimyndigheten for att fa tillgang till matdata, fick vi
reda pd att de inte kunde ge SP tillgang till denna data. Beslutet skulle dock kunna
Overklagas, men forst efter att projektet var slutfort. Detta kunde darfor inte ske férran i
slutet av 2017.

Da det var tankt att denna del skulle leda till input till del 6 som skulle 16pa under hela
2016 och 2017, fick del 3 betydligt mindre varde for projektet om den inte kunde
genomforas forréan i slutet av projektperioden och de resurser som skulle ha lagts pa
denna del lades darfor pa 6vriga delar av projektet. Dessutom tog dialogen med
Energimyndigheten en del resurser innan vi fick det slutliga negativa beskedet.

5 Maluppfyllelse

Det 6vergripande syftet med projektet var att ta framokade kunskaper om varmebehov
och varmepumpsdrift i NNE-byggnader, innefattande

1. okade kunskaper om hur olika driftsparameterar paverkas med ett varvtalsstyrt
system jamfort med ett on-off-system, for olika typer av distributionssystem, for att
pa sa satt ta fram underlag om hur val energimarkningen éverensstammer med
verkligheten
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2. okade kunskaper om hur sammankopplingen med en tank paverkar
driftsparametrarna for ett varmepumpssystem, for att fa underlag for hur
varmepumpssystem kan utvecklas for framtidens smarta nat

3. Okade kunskaper om vilka tappvarmvattenprofiler och forhallande
rumsvarme/tappvarmvatten varmepumpar for NNE-hus bor utvecklas och
utvarderas for

4. oOkade kunskaper om hur varmepumpssystem kan integreras med husets
ventilationssystem och varmeatervinning (FTX) och hur detta paverkar olika
driftsparametrar och mojligheter till frikyla

Alla de 6vergripande syftena med projektet har uppfyllts, forutom nr 3 om 6kande
kunskaper om tappvarmvattenanvandning. Detta eftersom forskarna inte kunde fa
ut den avsedda datan.

Malen med projektet var

a. framtagandet av minst tva prototyper av varmepump for NNE-hus baserad péa
delresultaten fran projektet, optimerad map livcykelkostnad och med en kortare
aterbetalningstid an den som togs fram under foregdende projekt

b. framtagandet av en metod for prestandautvardering i laboratorium av varmepump
med samtidig rums- och tappvarmvattenvarmning som har potential att bli allmént
accepterad av bade foretag som séljer denna typ av produkt samt av de foretag
som inte gor det.

C.

Malen med projekten har uppnatts i och med att nya varmepumpsmodeller har
tagits fram av de medverkande foretagen, vilka har bade battre energiprestanda
och livscykelkostnad jamfort med det varmepumpssystem som togs fram i det
foregéende projektet.

Projektet har darfor bidragit till att foljande av Effsys Expands effektmal kan
uppnas:

e Tillhandahalla systemldsningar for kyla och varme som langsiktigt bidrar till att na
EUs 2050-mal

e Bidra till att varmepumpar fran svensk industri drar nytta av, och uppfyller
kommande krav i EUs ekodesignkrav.
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6 Lardomar

De viktigaste lardomarna fran projektet ar foljande

Den manskliga faktorn, inkluderande bade brukarnas beteende och installatérens
arbete, kan ha stor paverkan pa energianvandningen och varmepumpssystemets
prestanda.

Faltmatningar ar ofta mycket tidsédande att utvardera och resultaten beror pa flera
yttre faktorer som inte ar mojliga att paverka. Det ar av stort varde att kunna
utvardera hur produkter och system fungerar under verkliga forhallanden i falt, men
forsiktighet ska vidtas nar olika produkter och system jamférs med varandra i
faltstudier.

Avsevarda energibesparingar skulle sannolikt kunna géras om styrningen av de
olika systemen i ett hus (varme, distribution, ventilation, ev. kyla) kopplades
samman. Detta skulle ocksa kunna minimera risken for att brukaren gor
forandringar som oavsiktligt férsamrar systemens prestanda. Det verkar som att
ett lagenergihus’ energianvandning ar mer kansligt for brukarbeteende och icke
optimala instéallningar jamfort med ett traditionellt hus.

De standarder som  ligger till  grund for  Ekodesign-  och
energimarkningsforordningar beskriver prestandan hos varmepumpssystem i
NNE-hus relativt val. Vissa vidareutvecklingar bor dock goras for att anpassa
standarderna efter teknikutvecklingen, tex varvtalsstyrda cirkulationspumpar.

Det ar mojligt att forbattra komforten avsevart i ett NNE-hus genom att kyla med
hjalp av borrhalet och ett balanserat ventilationssystem, sarskilt om man inte har
mojlighet att vadra under dagtid. Detta skulle kunna motverka "myten” om att
lagenergihus blir for varma sommartid.

Det &r inte alltid den mest energieffektiva l6sningen ar den mest gynnsamma ur
ett kostnadsperspektiv for varme- och ventilationssystem i ett NNE-hus. Detta
beror till stor del pa kostnaden for installationerna (bade material och arbete).

7 Forslag pa fortsatt arbete

Resultaten fran projektet visar att &mnen relevanta for fortsatt arbete ar:

Utveckling av system och metoder for att battre samstyra de installationstekniska
produkterna i ett hus, for att uppna battre energieffektivitet, robusthet och innemiljo

Analys och insamling av data for att 6ka kunskaperna om anvandning av
tappvarmvatten, bade mangd och tappprofiler
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Matningar i falt och analys av data for produkter med bade varvtalsstyrda
kompressorer och pumpar for att kunna sakerstalla att standarderna utvecklas for
att efterlikna sadan drift pa ett representativt satt

Utveckling av kostnadseffektiva integrerade I6sningar for uppvarmning och
ventilation for framst smahus, eventuellt aven inkluderande frikyla

Ytterligare nuvardesberakningar fér hus med olika isoleringsgrad

Energi- och nuvardesberdkningar fér kombinationer av varmepumpar och
behovsstyrd ventilation

Utveckling och utvardering av smart styrning fér varmepumpar i kombination med
solceller

Utveckling och utvardering mer kostnadseffektiva alternativ till borrhal som
varmekalla for  vatskavattenvarmepumpar i NNE-hus, sasom olika
markvarmeldsningar
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Abstract. In the future, most buildings will be nearly Zero Energy Buildings (nZEBs). Heat pumps are frequently
used as heating system in Swedish single family buildings, but in most cases they are used in buildings with higher
heating demand than the nZEBs of tomorrow. In this study, operation parameters such as heating water and brine
temperatures were analyzed in real operation in two different nZEBs. The results show that the measured supply
temperatures coincide in some cases well with what is described in the standard developed to be harmonized with
the ecodesign and energy labelling regulations - EN14825, but in some cases they were higher. However, the brine
temperatures were often considerably higher than the test conditions described in EN14825. The results also show
how interconnection of a tank affects the operating parameters of a heat pump system. Another finding was that in
order to reach the highest overall energy performance the heat pump and the heating system must be optimized
together and not separately, which often is the case today.

Keywords: Heat pump, nZEB, Energy Labelling

Introduction

Background

The updated Energy Performance of Buildings Directive, 2010/31/EU (EPBD2) requires very low energy
consumption in all newly or re-constructed buildings from year 2021 and onward. Across Europe there are a number
of Nearly Zero Energy Buildings (nZEB) that meet the requirements of the EPBD2, but the concept is still in the pilot
or demonstration stage according to Wemhoner and Kluser [1]. Previous research [1-3] has shown that heat pumps
are an attractive solution for these buildings seen from energy point of view. Also, in these buidlings heat pumps are
often used because of the flexibility they offer - they allow for greater freedom in designing the building envelope,
since nZEB defintions are in many cases based on bought energy, and they can provide both room heating/cooling
and domestic water heating[2,3]. Moreover, heat pumps can be effectively linked to various heat sources and sinks
and they can provide load balancing in a future smart grid. Wemhéner and Kluser [1] concluded that heat pumps are
both an energy-efficient and cost-effective system technology for nZEBs. However, one conclusion from the same
study was that there are no commercially available products that are of the right capacity. It was shown by Persson et
al. [2] that a liquid/water heat pump was the most efficient heating option from both an energy and cost perspective
in a nZEB under Swedish circumstances. Since the total heating demand in the nZEB is small, the cost of the heat
pump system can not be too high for the system to have a competitive LCC. A heat pump system in combination with
some form of heat storage is also an attractive alternative in future smart energy systems where intermittent renewable
energy sources (e.g. wind and solar) are becoming more common. Therefore it is very important to increase the
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knowledge of how the heat pump's operating parameters (e.g. flow temperature, brine temperature, efficiency etc.) in
actual operation in a nZEB are affected by speed control, by the connected storage tank, the choice of heating system
etc.

Heat pumps are frequently used as heating system in Swedish single family buildings, but in most cases they are
used in buildings with higher heating demand than the nZEBs of tomorrow. In the European Union there are mandatory
eco-design and energy label requirements for heat pumps for hydronic heating systems from 2015. These requirements
will have a large influence on the design of heat pump systems. Due to these reasons we should learn more about real
operation conditions for heat pumps in nZEBs. This is important, first of all to be able to optimize the design of such
heat pump system, but also to know how well their operation is reflected by the performance data for the labelling, in
order to be able to influence a revision of the regulations if so needed.

Scope
The scope of this study was to:

e increase the knowledge of how different operation parameters are affected by the type of control (inverter-
controlled compared with on-off), the different types of distribution system, to thereby provide data on how well
the energy label correspond to reality for a heat pump in a nZEB building

¢ increase the knowledge of how the interconnection of a tank affects the operating parameters of a heat pump system,
in order to obtain data for guiding how heat pump systems can be developed for future smart grids and use of
electricity produced on-site (since the latter is important for nZEB definitions in several countries)

Method

Evaluated Objects

This study is based on evaluation of two different heat pump systems in two almost identical nZEBs in Sweden. One
of the heat pump systems consists of an on/off controlled heat pump with an extra storage tank (see Fig 1) and the
other nZEB has a heating system with an inverter controlled heat pump. More information about the houses and their
heating systems is found in Table 1.

Table 1. Technical information about the two different nZEBs and their heating systems evaluated in this study

Place Boras Varberg
Size e 166 m?, 22 KWh/m?/yr e 166 m?, 20 kWh/m?/yr (projected
(projectedspace heating and DHW space heating and DHW demand)
demand)
Ventilation | e Balanced ventilation system with ¢ Balanced ventilation system with
heat recovery heat recovery
Heating e Ground source heat pump (4.5 e Ground source heat pump (6 kKW,
source kW, on/off controlled) inverter controlled)
e Storage tank 150I. e Borehole 90 m (71m active)
e Borehole 90 m (81m active) e Dimensioning temperature: 0°C
e Dimensioning temperature: 0°C
Heating e Floor heating on upper and 1st e Low temperature radiators, upper
system? floors floor
e Dimension temperature: 36°C at e Floor heating, 1st floor
dimensioning outdoor winter
temperature
Solar e PV-panels 3000 kWh/yr e PV-panels 3000 kWh/yr
Habitants e Simulated family o Real family

aControlled by an outdoor sensor and selected heat curves
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Measurement Plan and Equipment

Operation parameters such as heating water temperatures, brine temperatures, heating water flow, electric power and
outdoor temperature were analyzed in real operation in the two different nZEBs. Sensor type used for each parameter
and the estimated expanded measurements uncertainty for the corresponding parameter (including sensor accuracy,
sensor mounting, sensor stability, etc) is listed in Table 2 below, together with expanded uncertainties for calculated

parameters.

The results from the two systems were compared to see differences and similarities of the systems with an inverter
controlled heat pump and a system with on/off controlled heat pump. The relevant measurement equipment is shown
in Figure 1 including schematic representation of placement of flow meters and temperature sensors. This study
presents data evaluated over measurement periods of a year but also presents some examples of specific time events
(from hours to days) to show upon cases where the differences of the systems becomes clear.

Table 2. Technical information about the different measurement parameters

Parameter Sensor type Expanded measurement
uncertainty

Supply temperature, heat pump to tank, tw,hp-tank Pt100? +0.5K
Return temperature, tank to heat pump, tw,tank-hp Pt1002 +0.5K
Supply temperature to heating system, tw,shs Pt100? +0.5K
Return temperature from heating system, tw,rhs Pt1002 +0.5K
Brine temperature out from heat pump, tb out Pt100° +0.5K/+1.0K
Brine temperature in to heat pump, to,in Pt100° +0.5K/+1.0K
Heating water flow rate, heating system, gns Armatec AT7500C +1%
Electric power used by heat pump system, Phps Velleman EMDINO3 kWh <+4%

meter
Outdoor temperature, toutdoor Pt100 +1.0K
Specific heat, ¢cp Tabulated value <+0.5%
Density, p Tabluated values <+0.1%
Cold water temperature tw,pHw,c Pt500 +0.5K
Hot water temperature tw,oHw,h Pt500 +0.5K
Domestic hot water flow, qoxw Armatec AT7080 +1%
Heat losses, water tanks, Qiosses Estimated value +20%

aThe Pt100 sensors were placed in thermowells to obtain lowest possible measurment uncertainty
®In the research villa in Borés there were both sensors placed in thermowells as well as surface mounted sensors. In
the villa in VVarberg, there were only surface mounted sensors.
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Fig 1. Schematics of the measurement equipment in the two heating systems. To the left the system with an on/off heat pump and
an extra storage tank is shown (Boras). On rhe right the system with the inverter controlled heat pump is shown (Varberg).

For the heating system with the on/off heat pump the supply temperature to the tank was also compared to the supply
temperature out to the floor heating system to evaluate the efficiency impact of an extra storage tank and the on-off
operation.

The evaluation done in this study is based on measurements performed from May 2015 to the April 2016 for the
research villa in Boras and from March 2016 to February 2017 for the villa in Varberg. The reason for differing
evaluation periods is that the houses were completed at different times. Even though the houses in many ways are
identical, there are differing circumstances. First of all, the Varberg villa is placed in a somewhat milder climate. The
yearly average climate is 8.0°C compared to 6.6°C in Boras according to SVEBY [4]. But the largest difference is that
there is a real family living in the Varberg villa, while it is a simulated one in the research villa in Boras. During the
evaluated periods this has resulted in large differences in ventilation air flow (by choice) and use of domestic hot
water. Nevertheless, since the heating systems have many similarities the study stills offers many interesting
comparisons.

Results and Discussion

In figure 2 and figure 3 the heating demand for space heating and domestic hot water is shown together with the
electric power consumption for the two houses. Also the average “SCOP” per month is shown. SCOP (system COP)
is calculated according to equation 1 below.
2
SCOP = (

(tw,s,hs _tw,r,hs)'th'Cp p+ (tw,DHW,h_tw,DHW,c) 'QDHW'Cp-P) +Qlosses
> Phps

(1)

As can be seen the SCOP is relatively stable throughout the heating season in both nZEB houses (Fig 2 and Fig 3)
and is only lower during the summer months when the heating demand is very low. The bars for DHW energy
include the losses from the DHW tank, Qlosses during the months with heating demand and for those months the
losses have been included in the SCOP. However, during the months with very low heating demand (May-August),
the losses have not been included in the SCOP, since they have been considered as not useful (and for those months
they are neither included in the bars for DHW energy). The domestic hot water use varies over the year in the
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Varberg house, but only moderately. In the research villa in Boras the domestic hot water consumption is very low
(almost only losses). Qlosses is not measured, due to difficulties in installing sensors for that, but is instead based on
manufacturer data. It constitutes 5-10% of the total, so even if the uncertainty for the value itself is high, it has small
effect on the overall uncertainty.
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X,1000 4
o o
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mhsenergy ®DHW energy HP el energy (kwh) SCOPcombi

Fig. 2. Measured heating demand and electric power (left axis) and average SCOP per month (right axis) for combined operation
in the research villa in Borés. The electricity to the heating system water pump is not included.
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Fig. 3. Measured heating demand and electric power (left axis) and average SCOP per month (right axis) for combined operation
in the villa in Varberg.

In figure 4 the space heating demand is plotted versus outdoor temperature (the measurement interval is 5 minutes
and all values have been backwards averaged for a 24 hour period to reduce the scatter in the graph. The same apply
for Figure 5). As can be seen there were no days that are as cold as the coldest hours of the cold climate defined in
EN14825, -22°C during the evaluation periods. The heat demand scatter is relatively large in the Borés villa.
However, in the Varberg villa, where there is a real family living in the house, the scatter is much larger. The data
points that spread the most are probably a result of adjustments in heating settings made by the family. What also
can be seen is that the space heating demand is larger in the Varberg villa compared to the Boras villa, it varies
around 55 kWh/day compared to 35kWh per day at an outdoor temperature of 0°C, which is due to a higher
ventilation air flow (compared to what is stated as minimum constant value in the building regulations) was selected
by the family living in the house (observed by monitoring the fan power). The space heating demand approaches
zero around an outdoor temperature of 14°C, which is lower compared to the standard EN14825 [5] which assumes
heating demand up to 16°C, which is the calculation standard that the ecodesign and energy labelling regulations are
based on.
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Fig. 4. Space heating demand for the research villa in Boras (left) and in the villa in Varberg (right) as a function of outdoor
temperature.

In figure 5 the supply water temperatures for the two houses are displayed as a function of outdoor temperature. In
the left graph there are two sets of values. The upper one is the temperature of the water that is flowing from the heat
pump to the tank (see figure 1 for schematic drawing) and the lower set of values are the temperature of the water
from the tank out to the (floor heating) system. This is partly due to the on-off operation of the heat pump, which
forces the heat pump to operate at a higher temperature during its on-periods to compensate for that there is no
temperature-lift at all during its off periods (see also Figure 6) . In addition, it is partly due to some extent of mixing
in and losses from the tank. In the inverter controlled heat pump system there is no tank and hence only one set of
values are shown. The large temperature deviation between the two villas is because different heating systems are
used in the houses. In the Boras villa floor heating is used on both floors and in the Varberg villa radiators are used
on the upper floor which need a higher supply temperature. The lines in the graphs represent the heating curves in
EN14825 [5]. In the Borés house with the on/off controlled heat pump the supply temperature to the heating system
coincides well EN14825 heating curve for a cold climate and a low temperature application. In the standard there is
an equation correcting for that the heat pump work at a higher supply temperature during the on-periods, so
performance data are taken from these higher temperatures when SCOP is calculated, which seems to be adequate
according the measurements. In the Varberg house with the inverter controlled heat pump the heating curve
coincides with the EN14825 heating curve for a cold climate and a medium temperature application for the colder
part of the measurement period (except for some scatter), but is higher at the higher outdoor temperatures measured
values are higher. The reason is probably that the heat pump system has a variable liquid flow operation and lowers
the flow rate at lower capacity and the heating curve of the standard assumes constant liquid flow.
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Fig 5. Heating curves, i.e. supply temperatures (to heating system and to space heating water tank) for the research villa in Boras
(left) and the supply temperature to the heating system in the villa in Varberg (right) as a function of outdoor temperature. Also
heating curves as described in EN14825 at cold climate and low and medium temperature application is shown.

Figure 6 shows the on-off operation in detail for one operation cycle. As can be seen the supply temperature from
the heat pump to the tank is somewhat higher than the temperature of the water that is leaving the tank out to the
heating system during. The difference is shown in detail by the green dotted line and the average difference is 1.2 K.
The fluctuations in the difference coincide with fluctuations in the return temperature from the heating system,
which probably in turn is caused by closing and opening of the room thermostat valves. During the complete cycle,
the average temperature out to the heating system was 28.8°C while the average temperature from the heat pump to

the tank was 31.9°C, which means that the heat pump has to work at 3.1 K higher temperature compared to what is
delivered to the heating system.
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Fig 6. Supply (and return) temperatures to the tank and to the heating system during an on-off
cycle in the research villa in Boras (left) during a period with an outdoor temperature of 2°C.
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Figure 7 below shows two on-off cycles. The measured temperatures out from the heat pump and out from the tank,
measured every 5 minutes,is displayed together with the inlet brine temperature to the heat pump. In addition, the
instantaneous measured COP value, the “Carnot” COP and the ratio between those two COP values are shown. As
can be seen, the measured COP seems to be instantaneously related to the temperatures of the outgoing heating
water and incoming brine. Therefore, it would be beneficial for the efficiency of the heat pump system if the
variations of the temperatures of the flows could be dampened. This proves that the heat pump and the heating
system should be optimized together and not separately, which often is the case today.
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Fig. 7. Supply temperatures to the tank and to the heating system, brine inlet
temperature to the heat pump (right axis) and different Coefficients of Performance
(COP) and the ratio of these during on-off cycles (left axis) in the research villa in
Boras during a period with an outdoor temperature of 2.5°C.

Fig 8 below shows the measured inlet brine temperature to the heat pump in the
Varberg house during one year (the measurement interval is 15 minutes and all values
have been backwards averaged for a 24 hour period to reduce the scatter in the graph
and the same apply for Figure 9). In EN 14825 heat pumps are tested at an inlet
temperature of 0°C and as can be seen, so low temperature was never measured
during the whole year. The consequence of this is that the efficiency displayed on the
energy label is underestimated.

In the Boras house, the brine temperature was only measured during the last part
of the evaluation period and in Fig 9 a comparison is made. Since the heating demand
of the houses differed the inlet brine temperature is plotted versus electric power input
to the heat pump. The on-off system has approximately 1K lower brine temperature
than the other system. Considering that the borehole with the on-off heat pump has
been in operation for one more heating season, this difference can be considered as
small.
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Fig. 8 Brine inlet temperatures during on-periods of the operation cycle in the villa in Varberg as a function of outdoor
temperature. Data from March 2016 to February 2017.
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Fig. 9. Brine inlet temperatures during on-periods of the operation cycle in the research villa in Boras (left) and in the villa in
Varberg (right) as a function of daily mean power input to the heat pump. Data from 15™ of February 2016 to 4™ of May 2016.

Conclusions

e The brine temperatures were often considerably higher than the test conditions described in EN14825 in the
evaluated nZEB-buildings.

e On-off control and a tank in the system results in higher working temperatures for the heat pump compared to
variable capacity control which must be accounted for when calculating projected use of energy, especially in
“oversized” heat pumps in houses with low energy demand.

e The heating curves of the standard EN14825 coincide well with the measurements except for variable capacity and
flow control in combination with low heating demand.

e The heat pump and the heating system should be optimized together for best overall efficiency
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Bilaga 2 Provmetod

Method for evaluation of combined Seasonal Performance Factor, SCOP combined,
for heat pumps for both space and domestic hot water heating working either
in alternating mode or simultaneous mode

Introduction

This is a method developed by RISE together with the project partners within the project “Further
development of heat pump systems for NZEBs” performed within the research programme Effsys
Expand, funded by the Swedish Energy Agency.

1. Scope

This test method can be applied for ground source combination heat pumps that provide both space
heating and domestic hot water heating. The test method and calculations can be applied both for heat
pumps alternating between space heating and domestic hot water heating, and heat pumps with
simultaneous heating of space heating and domestic hot water.

2. References
EN14511:2018
EN16147:2017
EN14825:2016

3. Definitions
Definitions according to EN14511, EN148253 and EN16147.
Complementary definitions:

COPcombined,aiternating,i  Calculated coefficient of performace for alternating production of
space heating and domestic hot water heating, for test point i

COP.ombined measured,i Measured coefficient of performance for simultaneous production of space
heating and domestic hot water heating, for test point i

fsimultaneous,i Improvement factor for simultaneous production of space heating and
domestic hot water heating instead of alternating production, for test
pointi

SCOPcombined Seasonal coefficient of performance for production of both space

heating and domestic hot water
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4. Conditions and tolerances
Test conditions, tolerances and uncertainties should be according to EN14511 and EN16147

For heat pumps that should be tested according to Chapter 5.3, the temperature in the domestic hot water
tank should be measured, by mounting 10 thermocouples evenly distributed from the bottom of the tank
to the top of the tank.

5. Test methods

5.1 Space heating performance test

Space heating test should be performed according to chosen temperature applications and climates in
EN14825.

Values to be stated: Paesignn and Thiv, as Well as Pn(i), and COP(i) for test points A-F. Also the electricity
consumption during compressor off state should be stated. In addition maximum capacities for the heat
pump for 35°C and 55°C outlet temperature should be declared.

Note that the COP(i) should be degraded with the CC-factor according to eq. 14 in EN14825.

5.2 Domestic hot water performance test
Domestic hot water performance should be tested according to the chosen load profile in EN16147.

Values to be stated: Reference tapping cycle, COPpnw and Pes

5.3 Test methods for heat pumps with simultaneous production of space heating and
domestic hot water test

This chapter only applies for heat pumps with simultaneous production of space heating and domestic hot
water heating.

For heat pumps with simultaneous production of space heating and domestic hot water heating, additional
test should be made according to this chapter.

5.3.1 Tests of for simultaneous production of space heating and domestic water heating.

The heat pump shall be delivering space heating according to the test points in Chapter 5.1. At the same
time withdrawals of domestic hot water shall made according to the tapping pattern in Chapter 5.2. The
test starts at time 00:00, and the first tapping is made at 07:00. The tests shall last for exactly 24 hours. If
the 2°C target mentioned below “Domestic hot water” is not reached, the test should be prolonged with
another 24 hours. This should be done until the desired temperature difference is reached. Tests should
be made for corresponding test points A-E in Chapter 5.1.

Space heating

The Peesignn and the flow rates and the circulation pumps settings for both the warm heat transfer media
and the cold heat transfer media should be the same as in the performance tests in Chapter 5.1.

For the test points where the heat pump’s heating capacity is higher than what is required, the outlet
temperature during the performance test should corrected according to eq. 15 in EN 14825.

49



The space heating demand for 24 hours should be calculated for each test point in Chapter 5.1. To
simulate real behaviour of the heat pump, the space heating demand should be divided into time periods
of 2 hours. The delivered space heating energy should be measured during the test. If the capacity of the
heat pump is higher than required, and the energy demand for the time period is reached before the end of
the 2 hours, the space heating function of the heat pump shall be switched off until the beginning of a new
time period. The heat pump should still be allowed to produce domestic hot water.

Domestic hot water

The load profile used should be the load profile chosen in Chapter 5.2.

The temperature in the domestic hot water tank should be monitored using thermocouples mounted on the
tank, please see Chapter 4. The mean temperature in the tank should be calculated. If the mean
temperature in the tank differs more than 2°C from the beginning to the end of the 24 hours, the test shall
be continued with another 24 hours, until the 2°C target is reached.

5.3.2 Evaluation of measurement

Qn.space heating IS the measured space heating energy delivered during the test, expressed in kWh. It should
be corrected for circulation pumps according to EN14511.

Qn domestic hot water 1S the measured domestic hot water energy delivered during the test, expressed in kWh. It
should be corrected for additional electricity according to EN16147. Qn domestic hot water iS €qual to Qrc in
EN16147.

W_ is the measured total electricity consumption during the test, expressed in kWh. It should be corrected
for circulation pumps according to EN14511, and with additional electricity according to EN16147.

53-3 COPcombined, measured

A combined COP for both space heating and domestic hot water heating should be calculated as follows
for test points A-E:

Qh,space heating,i"‘Qh,domestic hot water,i
COPcombined,measured,i - We; (QQ- 1)
i

6. Calculations

6.1 COPcombined, alternating and improvement factor

This chapter only applies for heat pumps with simultaneous production of space heating and domestic hot
water heating.

For each test point A-E, @ COPcombined, aiternating Should be calculated and compared to COP combined, measured N
order to calculate the improvement factor.

Qh,space heating,i"'Qh,domestic hot water

Qh,spar:e heating,i , Qn,domestic hot water
Copspace heating,i COPpHw

COPcombined,alternating,i -

(eq. 2)

Where
i is test point A-E
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Qn,space heating,i 1S the space heating delivered during the test with simultaneous production of space
heating and domestic hot water heating for test point i according to Chapter 5.3

COPspace heating,i 1S the COP for test point i at the given Pdesignh, climate and temperature application,
as measured in Chapter 5.1. The COPgpqce heating,iShould be degraded with the CC-factor according to eq
14 in EN14825.

Qn,domestic hot water 1S the domestic hot water delivered during the test with simultaneous production of
space heating and domestic hot water heating for test point i according to Chapter 5.3

COPpy is the COP for domestic hot water production for the chosen load profile, according to Chapter
5.2

For each test point A-E, an improvement factor for simultaneous production should be calculated as:

COP combined measured,i
‘ ‘ (eq. 3)

f simultaneous,i =
COPcombined,alternating,i

Where
i is test point A-E

COP ombinedmeasurea,i 1S the COP for simultanouesly production of space heating and domestic hot
water heating from the measurements in Chapter 5.3

COPcompined,alternating,i 1S the COP for alternating production of space heating and domestic hot water
heating calculated above

For heat pumps with no simultaneous production of space heating and domestic hot water, fsimuitaneousiS
set to 1.

6.2 Calculations of SCOP combined

A combined SCOP for both space heating and domestic hot water heating, SCOP combines Should be
calculated as follows:

e The calculation procedure follows the calculation procedure in EN14825, using bins with a given
outdoor temperature.

e Domestic hot water is added. The demand of the hot water for each bin temperature is calculated
as Qrei/24*h;, where h; is the amount of hours occurring with the given outdoor temperature

e The heat losses from the hot water storage tank is assumed to decrease the heat demand of the
house, and is assumed to be Pes*COPprw

e The simultaneous factor is in the calculations increasing both the COP of the space heating and
COP of the domestic hot water heating

o During the hours of summer, the heat pump is assumed to produce domestic hot water

o No auxillary power for thermostat off mode or off mode is added, since the heat pump operates in
domestic hot water mode during the summer.

e The heat pump is assumed to prioritize domestic hot water, and any supplementary heat from an
electric back-up heater is assumed to be added on the space heating.
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® foimuitaneous, 1S interpolated for the bins where it is not tested. fgimuiraneous,i1S Setto 1 at
outdoor temperature 16°C.
A SCOPcmpined for both space heating and domestic hot water heating is calculated as follows:

SCOP ombined = Shs+QuDiw (eq. 4)

Wesu+Wepuw

Where:

Qn sy is the reference annual space heating demand, expressed in KWh

Qn,puw 1S the annual domestic hot water demand, expressed in KWh

W, syis the annual electricity demand for space heating production, expressed in KWh

We paw is the annual electricity demand for domestic hot water production, expressed in KWh

Pdesignh,space heating ° Hyg + Qref,DHW 365

n p P(T;) = elbu(T;) = Pos * COPpyw +elbu(T) | + £n42 by ( Qrefpuw /24 )
J=17 COPbin(T}') ' fsimultaneous,j J =179 \COPpuy - fsimultaneous,j

SCOP ombinea =

(eq. 5)

Please note that an extra bin, n+1, is added for the domestic hot water, representing the summertime hours
with no space heating demand. The number of hours for the extra bin is calculated as:

n
hy.. = 8760 — Z b,
=1

Where:

Rj, Paesignhspace neating: Hue, Pu(Tj). elbu(T;), and cop,,(T;) are defined according to EN14825. Note that
when elbu(T;) is calculated, the decrease in the space heating capacity of the heat pump because of
domestic hot water production should be taken into regard.

P, and cop,are definedaccording to EN16147
Qrerpuw 1S reference energy content in the tapping cycle chosen in Chapter 5.2 according to EN16147.

fsimuiraneous,; 1S d€fined according to Chapter 6.1
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Appendix 1. Example, brine to water heat pump with simultaneous
production of space heating and domestic hot water heating

Space heating settings:

Climate: Cold

Temperature application: Low
Pdesignh: 10kW

Thiv: -20C

Heat pump characteristics:

Variable temperature outlet

Fixed flow

Fixed speed compressor

Maximum capacity at 55C: 9 kW

Maximum capacity at 35C: 9.5 kW

Electricity consumption in compressor off state: 10W

Domestic hot water settings:

Tapping cycle L

Table 1 Results from space heating tests according to Chapter 5.1. Cold climate, low temperature application.

Pdesignh:lo kW

Indoor heat | Part load Ph, space heating COP at COP at part
exchanger, | ratio (kW) measured | capacity test load
Part-load outlet according to
Test point ratio temperatures eq 1l4in
% (variable EN14825
outlet) 2
°C
A 61 30 6.05 9.6 4.9 4.89
B 37 27 3.68 9.7 5.2 5.15
C 24 25 2.37 9.8 54 531
D 11 24 1.05 9.8 54 5.16
E 100 35 10.0 9.5 4.5 4.50
F 95 34 9.47 9.5 4.6 4.60

2 Note that if the capacity of the heat pump is higher than the required part load ratio for the house, the outlet temperature during

the capacity test should be adjusted according to eq.21 in EN14825:2016.
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Table 2 Results from domestic hot water test according to Chapter 5.2

COPphw

2.50

Pes (W)

40
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Table 3. Simultaneous production of space heating and domestic hot water. Cold climate, low temperature application, tapping cycle L. Pgesignn=10 kW.

Measured Calculated
|nd00r Pal’t 24 hS 24 hS Qh, space Qh, domestic We,i COP COP f,
Part heat load space | domestiC| nheating, i hot water, i combined, combined, | simultaneous
~ | exchanger| ratio | heating | hot water measured alternating
Test | load , outlet (kW) | demand | demand,
i . | temperatur (kwh) | (kWh)
pomt rati es
;0 (variable
outlet) 2
°C
A |61 30 6.05 11.655
comb : 145.3 : 147.00 | 11.70 | 32.80 4.84 4.56 1.06
B
comb | 37 27 3.68 8.4 | 11655 | 9200 | 11.68 | 21.90 4.73 4.60 1.03
C
comb | 24 25 237 | 5gg | 11.65 | go00 | 11.73 | 15.90 451 448 | 1.01
D
comb | 11 24 1.05 253 | 11.655 | 2400 | 11.70 9.20 3.88 3.83 1.01
E
comp | 100 35 10.0 | 2400 | 11655 | 216,00 | 11.717 | 51.00 4.46 4.32 1.03
F
11.655
comb | 95 34 947 | 2074 22000 | 11.69 | 50.30 4.61 4.41 1.04

2 Note that if the capacity of the heat pump is higher than the required part load ratio for the house, the outlet temperature during the capacity test should be adjusted according to
eq.21 in EN14825:2016.
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Bilaga 3 Gustafsson m.fl. (2018)

FREE COOLING OF LOW ENERGY BUILDINGS WITH
GROUND SOURCE HEAT PUMP SYSTEM AND
BIDIRECTIONAL VENTILATION

Ola Gustafsson*, Caroline Haglund Stignor, Huijuan Chen, Svein Ruud and Jon
Persson

RISE Research Institutes of Sweden
Box 857 SE-50115, Boras, Sweden
*Corresponding author: ola.gustafsson@ri.se

ABSTRACT

Earlier field measurements in Low Energy Buildings have shown that excess temperatures can
easily occur during summertime in well-insulated houses, also in northern part of Europe. If a
ground source heat pump is used for heating and there is a bidirectional ventilation system, the
borehole can be used for free cooling in summertime and the chilled air can be distributed by the
ventilation system. In this study, a simulation of a single family nZEB located in the Swedish
city Gothenburg was conducted. Several different cases investigating the effect of window
opening, ventilation air flow rate and installation of a free cooling system was simulated. As
expected, the simulation showed that an increase of the ventilation flow and opening of windows
can be efficient means to increase the thermal comfort by lowering the number of hours with
temperature exceeding 24°C. However, the results show that the free cooling system reduces the
number of hours with high temperatures even more, especially for cases when the windows are
not opened. To validate the simulation results, a prototype free cooling system was installed in a
real nZEB, with the same properties as the nZEB in the simulation study. The measurements
confirmed that it is possible to lower the indoor temperature considerably by free cooling by use
of the borehole and supply the air system, even though the cooling capacity is limited due to
restrictions on ventilation rates and supply air temperature. Another conclusion of the
measurements was that the control of the free cooling system is crucial to achieve the full
cooling potential and for high system energy performance.
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INTRODUCTION
Background
Field measurements in Low Energy Buildings, for example in the so-called “Hamnhuset” in

Gothenburg in Sweden, show that excess temperatures can easily occur during summertime in
well-insulated houses, also in northern part of Europe (Gervind et al, 2011). In many cases, it is
possible to lower the temperature by opening of windows, but this is not always desirable. The
reason can be either noise or insecurity, or a desire from residents not to get too much pollen or
air pollution for allergy or health reasons.

In a heating system with a ground source heat pump it is well known that the borehole can be
used for free cooling in summertime (Shou, Z. et al, 2016, Yuan, T. et al. 2017, Khilstrom, P.
2016). And if the house has a bidirectional ventilation system, the chilled air can easily be
distributed throughout the building, which can be efficient from both an energy and cost point of
view. However, such a solution requires that the heat pump and the ventilation system is linked
and controlled together, which is rarely done today. The aim of this project was therefore to
investigate the potential and to increase the knowledge of how a heat pump system can be
integrated with a bidirectional ventilation system with heat recovery to enable free cooling.

Scope
The scopepof this study was to investigate the potential and to increase the knowledge of how a
ground source heat pump system can be integrated with a bidirectional ventilation system with
heat recovery to enable free cooling in a single family nearly Zero Energy Building (nZEB). This
was done by simulation of the building and the building services engineering systems in IDA-
ICE and by follow-up field measurements in a research villa.

Delimitations
Measurements were only performed during a part of one cooling season. It would have been

beneficial to perform measurements during several full cooling seasons to be able to compare the
different settings in a better way. In addition, the full range of the ventilation air flow rate used in
the simulations, could not be validated due to restrictions of fan capacity.

In this study, it has not been possible to predict the “cost” for the free cooling, in form of additional
pumping and fan power. However, this should be taken into account when evaluating the
“efficiency” of the free cooling. Even though less energy is most probably used compared to
compressor driven cooling, there will still be a certain energy cost for the “free cooling”.

57



METODOLOGY
Simulation/measurement objects
In this study a reference house is used for the model. The house, situated at RISE’s premises in

Boras (Fig 1), Sweden, is a low energy single family house (average heat transfer coefficient,
Uaverage = 0.16 W/m? K) with a total floor area of 166 m?and two floor levels. See table 1 for
more technical information of the building.

Table 1. Technical information about the nZEB and the heating and ventilations systems evaluated in this study.

Place Boras
Size 166 m?, 22 KWh/m?/yr (projected space heating and DHW demand)
Ventilation Balanced (bidirectional) ventilation system with heat recovery, design
supply flow rate 60l/s. Manufacturer efficiency data 82%
Heating source Ground source heat pump (4.5 kW, on/off controlled)
Storage tank 150I.

Borehole 90 m (81m active)
Dimensioning temperature: 0°C

Heating system Floor heating on upper and 1st floors
Dimension temperature: 36°C at dimensioning outdoor winter
temperature

Solar PV-panels 3000 kWh/yr

Habitants Simulated family

Fig. 1. The IDA model (left) and the reference house (right).
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SIMULATIONS
A model of the single-family house is created in IDA Indoor Climate and Energy (ICE) 4.6, and

the construction and the configuration correspond to the reference house situated in Boras (see
Fig. 1). Result from the model for the heating demand is compared with measurements from the
reference house and show good agreement (YImén, P. & Persson, J., 2017).

The program of IDA ICE is used to investigate the cooling demand and thermal conditions with
different ventilation airflow rate, effects of window opening and a free cooling system. IDA is a
dynamic simulation tool for studying indoor climate in the zones as well as energy use in the
zones and the entire building for general-purpose. It models buildings, systems and its controls,
and it provides user interface to define, build up and simulate different cases which makes it
possible to simulate a wide range of system designs and configurations (Equa Simulation
Technology, 1999).

The climate data used in the model is for Gothenburg-Landvetter (45 km from Boras), which is
fairly representative for Swedish conditions with a yearly average temperature of 8°C. The
weather data files are available in the IDA program and they are derived from integrated surface
hourly weather data originally archived at the national climate data centre. Regarding the internal
heat load, i.e., heat emission from lighting, equipment and appliance, 30 KWh/m2 is used,
suggested by SVEBY (Sveby, 2009) as a standard value for residential building energy
simulation. The internal heat load is distributed to the rooms with specific schedules and
unevenly distributed over the year i.e., higher household electricity use in the winter and lower in
the summer. Occupancy schedules are considered with a specific distribution. IDA simulations
were performed for the cooling season, i.e., May to August.

To investigate the effect of different means of reducing the hours of overheating different cases
were modelled. These cases included different ventilation flow rates, schedule for window
opening and installation of a cooling coil (connected to borehole and placed after the air handing
unit); see Table 2 for short descriptions of case studies. For each of these cases the number of
hours that the temperature in three different rooms in the nZEB exceeded 24°C was investigated.
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Table 2: Descriptions of modelled cases

Case Ventilation flow rate Schedule for window  Connected to cooling coil
(I/s) opening
1 60 No No
2 100 No No
3 60 Yes No
4 60 No Yes ™
5 100 No Yes ™
6 60 Yes Yes”

" The cooling coil starts to work when the room air and supply air temperature is above 21°C and 16°C, respectively.

The designed ventilation flow rate for the modelled house was 60 I/s (corresponding to 0.35
I/s/m?), and the maximum flow rate was assumed to be 100 I/s. The schedule for window
opening was made based on literature study together with assumptions of opening window
behavior (when and how often people is likely to open window). A cooling coil was added to
cool down the supply air temperature to 16°C in warm days, i.e., case 4-6.

Further, additional cases are modelled to obtain the required cooling capacity for maintaining the
maximum room temperature below 24°C at all times. This was done by adding fan coils in the
living spaces, i.e., living room and kitchen and sleeping rooms for case 1, 2 and 3.

In addition, the maximum cooling capacity from free cooling system was investigated by
estimation of the potential on the air side.

MEASUREMENTS
System setup
The system setup is depicted in Figure 2 below, and consists of the following main components;

e A ground-source heat pump with a 2.3 kW electric compressor, operated in on/off mode.
The heating power, excluding auxiliary resistive elements (blocked), is about 4.5 kW.
The heat-pump is supplying both DWH and hot water for floor-heating.

e An air-handling unit with a rotating disk heat recovery. The electric power of the fans are
about 170 W and delivers a max flow of about the 90 m3/h in the given installation
(without additional cooling-coil).

e A cooling-battery dimensioned to give about 1 KW cooling power at the anticipated
operation conditions.
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e A separate frequency-controlled circulation pump on the brine circuit of the cooling
battery.

The cooling battery was installed on the supply air duct, directly after the air-handling unit. A
by-pass, operated by manual valves, allows for the cooling battery to be disabled when not
needed. The liquid circuit of the cooling battery was connected in parallel with the return pipe
from the borehole to the heat pump. The additional circulation pump, along with a non-return
valve, allow for brine to be circulated through the cooling battery, the heat-pump and the
borehole (all in series) independently of the heat-pump operation.

Measurement system setup
The monitoring included PT100 and PT500 sensors for temperature readings for both the air- and

brine side of the system. The flow-rate on the brine side was given by a volumetric flow sensor.
Both brine temperature and flow rate were measured by a Kamstrup energy meter. The air flow
was measured by differential pressure sensors. In addition, the electric power used by the
equipment was logged with integrating energy meters. Data for evaluation the thermal system
performance was recorded as 15 minutes averages. Some, but not all, measuring points are
indicated in the system diagram in Figure 2.

Control system
The cooling power was controlled to reach a given set-point temperature on the supply-air to the

living space. The control was achieved by regulating the speed of the circulation pump on the
brine side of the cooling battery. A PID regulation was implemented to provide a feed-back from
the supply air temperature to the operation circulation pump. The cooling was activated when the
outdoor temperature exceeded 16.3 °C, and it turned off again when the outdoor temperature
went below 15.0 °C (taking the temperature rise of the air due to the fan power into account).

Operation settings
Three separate operation settings are presented here, which each has different effects on the final

indoor air temperature of the house.

Operation setting 1 — Full ventilation, no cooling, HP in operation. The cooling battery was
not activated, and the air went via the by-pass. The fans of the air-handling unit were running at
maximum speed to give a supply air-flow of about 70 I/s. In this case a ventilation air flow of
100 I/s, was aimed for, but due to restrictions in fan capacity only 70 I/s was reached. The heat
pump was running as normally, in an eco-mode setting. The measurement period for this
operation mode was from 2017-06-19 to 2017-06-28.

Operation setting 2 — Full ventilation, 16°C cooling, HP in operation. The cooling battery
was activated with a supply air temperature set-point of 16 °C. With an additional pressure drop

61



over the cooling battery, the air-flow was reduced to about 60 I/s. The heat pump was running as
normally, in an eco-mode setting. The measurement period for this operation mode was from

2017-08-22 to 2017-08-31.

Operation setting 3 — Full ventilation, 16°C cooling, HP turned off. The cooling battery was
activated with a supply air temperature set-point of 16 °C. The air-flow was about 60 I/s. The
heat pump was turned off. The measurement period for this operation mode was from 2017-08-

11 to 2017-08-22.
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Figure 2. The system setup of the installation of the cooling battery in the Research Villa.

RESULTS AND DISCUSSION
Simulations

Results from the IDA simulations are presented and discussed in this section.

Required cooling capacity

supply
Air
Temp

Air Ducts

Brine Pipes

Living Space

The required cooling capacity for case 1, 2 and 3 (see case description in Table 2) to keep the
maximum room temperature below 24 °C during the whole cooling season is presented in Figure
3. As shown in the figure the peak cooling demand for all three cases is nearly the same, about
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2000 W, while the number of hours required for the same amount of cooling demand is
decreased by increasing ventilation flow rate or opening window.
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Figure 3. Duration diagram of cooling demand for case 1 — 3 during the whole cooling season.

Cooling potential in ventilation system
According to IDA calculation, the maximum cooling power (both sensible and latent) provided

by the ventilation flow rate of 60 I/s and 100 I/s is about 1.2 kW and 1.9 kW, respectively. These
values are valid for an outdoor temperature of 26 °C, relative humidity of 54 % and supply air
temperature of 16 °C. In the IDA model, the temperature for entering liquid and leaving liquid is
assumed to be 5°C and 10°C (IDA default value), respectively.

Reduction of hours of overheating
In Figure 4 the indoor temperature of the modelled house is shown for a sunny day in July at

16:00. The contour plot of temperature is based on the simulation results for case 1 (base case).
The temperatures for the living room and kitchen, bedroom 1 and bedroom 2 are at about 27, 29
and 30°C, respectively. In general, the air temperature in the first-floor is lower than that in the
second-floor; and bedroom 2 in the second-floor is warmer than bedroom 1 due to more
incoming solar radiation in the afternoon. Therefore bedroom 2 has a longer overheated period

than bedroom 1 as shown in Figure 5.
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Figure 4. contour plot of room temperature of the modelled house for a sunny day in July at 16:00

Figure 4 shows the total number of hours when the room air temperature above 24°C during the
whole cooling season for different cases, including increased ventilation flow rates (case 2 and
5), opening window (case 3 and 6) and using a free cooling system (case 4,5 and 6). As can be
seen, increasing ventilation flow rate, opening windows, and connection to free cooling system
helps to decrease extent of overheating in house, in terms of reducing the overheating hours. But
of course, the changes also have in impact on the average room temperature. For example, the
average room temperature for the living room and kitchen for case 1 and case 4 (with free
cooling) is about 24 and 23°C, respectively; for bedroom 1, the average room temperature for
case 1 and case 3 is about 25 and 23°C, respectably.
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Figure 5. Total number of hours when the room temperature is above 24 °C for living room and kitchen and two
sleeping rooms during the whole cooling season based on simulation.

Measurements
In Figure 6 below the temperature of the mixed extract air is shown during the three different

evaluation periods. This temperature is assumed to represent an average indoor temperature. No
(or very few) window openings were done during the evaluation period since the measurements
were performed in a research villa with no people living in the house. Occupancy is only
simulated by electrical thermal loads. Due to restrictions in fan capacity, it was only possible to
increase the air flow rate to 70 I/s (and not up to 100 I/s). As can be seen, temperatures over 24
°C are registered for a large amount of the time, even at moderate outdoor temperatures. After
setting the cooling coil into operation, the temperature of the extract air is reduced significantly,
even more than expected, since the ventilation air flow was reduced due to the additional
pressure drop over the cooling coil. According to the default setting of the heat pump, the heat
pump operates in heating mode during night time, if the outdoor temperature drops below a
certain level. It can be seen that lower temperatures are obtained if the heat pump operation is
blocked, and nevertheless, the mixed indoor temperature never drops below 20 °C.

65



27

26

25

24

23

Mixed Extract Air [°C]

22

21

20

Full fan-speed, no cooling
X set-point 16°C cooling w HP
@ set-point 16°C cooling w/o HP

T T T T T 1

20 25 30

Figure 6. Temperature of the mixed extract air during different evaluation periods with and without free cooling and
heat pump operation.

Lessons learned from measurements
Some lessons learned from the measurement evaluation periods are listed below.

= |n order to limit the additional pump power, the cooling pump should not be oversized
and equipped with variable flow control.

= In order to reduce the fan energy used during the whole year it is beneficial if the system
has a bypass for the airflow to prevent the air from passing the cooling coil during the
heating system.

= The control should include a summer and winter period to prevent the heat pump to heat
the house during nighttime when there is a cooling need in the daytime.

= The system should have a valve to shut-off the cooling coil when the heat pump is
operating. Otherwise there is a risk that too cold air (below 16°C) is distributed by the
ventilation system.
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DISCUSSION
As an alternative to distributing the chilled air through the ventilation system, separate fan coils

could be installed in one or several rooms of the house. If only one is installed, it will be a
challenge to distribute the cool air in the house, and if several are installed, it will lead to
considerable extra cost, both for material, work and fan power. Therefore, the alternative if
distributing the air by the already existing ventilation system is a cost-efficient alternative, even
though the available cooling capacity is restricted by the ventilation air flow rate and a lowest
permitted discharge temperature of 16°C.

CONCLUSIONS

= Itis possible to lower the indoor temperature significantly with a cooling could connected
to the borehole of a ground source heat pump and a bidirectional ventilation.

= The IDA model used in this study shows reasonable predictions of indoor thermal
conditions for a typical summer based on the comparison results with the measurement
data.

= Since the cooling capacity is limited in the free cooling system a good control scheme is
required i.e. one must start cooling before the actual cooling need (high indoor
temperatures) to prevent overheating.

= Increasing the ventilation flow rate is efficient to reduce the number of hours of
overheating. Therefore, this should be the first step, if possible, before installing the cooling
system.
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