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Vorbemerkung

Der vorliegende Bericht dokumentiert die Ergebnisse eines Projekts aus dem Programm
FORSCHUNGSKOOPERATION INTERNATIONALE ENERGIEAGENTUR. Es wurde vom
Bundesministerium fiir Verkehr, Innovation und Technologie initiert, um Osterreichische

Forschungsbeitrédge zu den Projekten der Internationalen Energieagentur (IEA) zu finanzieren.

Seit dem Beitritt Osterreichs zur IEA im Jahre 1975 beteiligt sich Osterreich aktiv mit
Forschungsbeitragen zu verschiedenen Themen in den Bereichen erneuerbare Energietrager,
Endverbrauchstechnologien und  fossile  Energietrager. Fir die  Osterreichische
Energieforschung ergeben sich durch die Beteiligung an den Forschungsaktivitaten der IEA viele
Vorteile: Viele Entwicklungen kdnnen durch internationale Kooperationen effizienter bearbeitet
werden, neue Arbeitsbereiche kdnnen mit internationaler Unterstiitzung aufgebaut sowie

internationale Entwicklungen rascher und besser wahrgenommen werden.

Dank des Uberdurchschnittichen Engagements der beteiligten Forschungseinrichtungen ist
Osterreich erfolgreich in der IEA verankert. Durch viele IEA Projekte entstanden bereits
wertvolle Inputs flr europdische und nationale Energieinnovationen und auch in der

Marktumsetzung konnten bereits richtungsweisende Ergebnisse erzielt werden.

Ein wichtiges Anliegen des Programms ist es, die Projektergebnisse einer interessierten
Fachoffentlichkeit zugénglich zu machen, was durch die Publikationsreiche und die

entsprechende Homepage www.nachhaltigwirtschaften.at gewahrleistet wird.

Dipl. Ing. Michael Paula
Leiter der Abt. Energie- und Umwelttechnologien

Bundesministerium fur Verkehr, Innovation und Technologie
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1 Kurzfassung

Heizungs- und Warmwasserbereitungssysteme basierend auf Kombinationen aus
Solarthermie und Warmepumpen (SWP-Systeme) werden aktuell verstiarkt nachgefragt und
bereits von einigen Unternehmen als Komplettlosungen oder als Erweiterungen zu
bestehenden Systemen angeboten. Die Integration der Warmepumpe in ein Solarkombisystem
ist aber um einiges komplexer als bei anderen Kombisystemen, da auch die Energiequelle der
Wirmepumpe (Verdampferkreis) mit dem gesamten System verkniipft sein kann. Neben den
typischen Quellen Umgebungsluft oder Erdreich kann auch der Solarkollektor oder der
Pufferspeicher als Energiequelle in unterschiedlichsten Systemkonfigurationen genutzt
werden. Solche Systeme wurden bislang hinsichtlich der Anwendungsmdglichkeiten,
klimatischer und baulicher Rahmenbedingungen, unterschiedlicher Moglichkeiten der
Integration, optimaler Regelungsstrategien usw. nicht systematisch untersucht. Angesichts des
steigenden Angebots, aber auch der steigenden Nachfrage ist der Bedarf fiir eine unabhéngige
und kompetente Auseinandersetzung mit diesen Fragestellungen vorhanden. Um sicher zu
stellen, dass die nun auf dem Markt angebotenen Systeme auch das Ziel der
Primérenergieeinsparung bestmdglich erfiillen, ist es notwendig umgehend die Qualitdt der
angebotenen und installierten Systeme wissenschaftlich zu analysieren und sie untereinander
aber auch gegeniiber Referenztechnologien zu vergleichen. Da es momentan sowohl an
Priifmethoden als auch an Methoden zur Berechnung der Effizienz solcher Anlagen fehlt,
kann kein wissenschaftlich fundierter Vergleich durchgefiihrt werden. Das Ziel des Tasks 44
ist es, durch das Sammeln und die Analyse bestehender Erfahrungen in Form von
wissenschaftlichen Publikationen, Regelwerken, Beschreibungen bestehender Systeme und
Systeme in Entwicklung, Analyse der Messdaten aus Labortests und Feldmessungen,
Modellierung und Simulationen, sowie einer gezielten Verbreitung der Ergebnisse an alle
relevanten Marktakteure, die momentane Marktentwicklung nachhaltig positiv zu
beeinflussen. Hauptergebnisse dieser internationalen Kooperation konnen wie folgt
zusammengefasst werden:

e Technische Berichte iiber die Messungen der Komponenten und Gesamtsysteme;
e Klassifizierung der Systemkonfigurationen mit ihren Vor- und Nachteilen;

e Erarbeitung von standardisierten Methoden zur Priifung und Leistungsbewertung,
sowie Qualitdtssicherung ;

e Erstellung von validierten Komponenten- und Systemmodellen fiir die Bewertung
unterschiedlicher Systemkonfigurationen und Anwendungsmoglichkeiten;

e Erarbeitung von Ausbildungsunterlagen und Zusammenfassung der Hauptergebnisse
in ein Referenzhandbuch.

Die Osterreichische Beteiligung an diesem Projekt ist wichtig, damit die Ergebnisse des Tasks
auch der heimischen Industrie zugénglich gemacht werden konnen. Durch Kooperationen mit
beteiligten Forschungsinstitutionen kann das wesentlich zur Steigerung der
Wettbewerbsfahigkeit ihrer Produkte im internationalen Umfeld beitragen.
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2 Abstract

Systems for space heating and domestic hot water preparation based on the combination of
solar collectors and heat pumps are currently more and more in demand and are already
provided by several manufacturers either as off-the shelf combinations or as an extension to
the installed system. However, the integration of a heat pump into a solar system is more
complex than with other auxiliary systems, as also the heat source of the heat pump
(evaporator cycle) can be connected to the whole system. Additionally to the standard heat
sources ambient air and ground heat, the solar collectors or the buffer storage tank can also be
used as a source with different possibilities of hydraulic integration.

Up to now, such systems haven’t been systematically reviewed regarding the application
possibilities, climatic and constructional boundary conditions, different configuration
possibilities, optimal control strategies etc. In the light of rising number of systems offered,
but also a significant demand form the market, the need for a competent and independent
analysis of these issues is obvious.

In order to ensure that the systems available on the market fulfil the goal of a maximum of
savings of primary energy, it is urgently necessary to evaluate the quality of the available and
installed systems in a scientific way and to compare them among each other and to standard
system solutions. Since there is a lack of standardised test methods and methods for the
calculation of performance figures, a scientific comparison is not possible.

The goal of the Task 44 is to positively and durably influence the momentary market
development through collection and analysis of existing experience from different
publications, descriptions of available systems and systems under development, measurement
data form laboratory tests and field monitorings, modelling and simulation, as well as targeted
dissemination of the results to all relevant stakeholders.

The main results of this international cooperation are as follows:
e Technical reports about measurements of components and systems;
e C(lassification of system configurations with their advantages and disadvantages;

e Development of standardised methods for testing and calculation of performance
figures, as well as quality labelling;

e Development of validated component and system models for the assessment of
different system configurations and applications;

e Educational material and publication of the main results in a reference Task handbook
at the end of the project.

Through the participation of national R&D institutions in this project, the results of the
activity will be available also for the Austrian industry. This can lead to a substantial increase
of competitive position of their products on the demanding international market, especially
through close cooperation with the participating Institutions.
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3 Einleitung

Die Verkaufszahlen von Warmepumpen fiir Raumheizungszwecke und Warmwasserbereitung
befinden sich in Osterreich seit 2002 stark im Steigen (Faninger, 2007). Entsprechend ihrer
Funktionsweise arbeiten Warmepumpen dann mit relativ hohen Leistungszahlen, wenn der
Temperaturunterschied zwischen der Warmequelle und der Wéarmesenke moglichst gering ist.
Daher werden in Kombination mit Warmepumpen iiblicherweise Niedertemperaturheizungen
wie z.B. Fulboden- oder Wandheizungssysteme eingesetzt. Das Problem bei kombinierten
Anlagen (Heizung und Warmwasserbereitung) ist vielfach die Warmwasserbereitung, da hier
ein relativ hohes Temperaturniveau von 45-65°C benoétigt wird, das die Warmepumpe nur mit
vergleichsweise niedrigen Leistungszahlen bereitstellen kann. Daher ist die Jahresarbeitszahl
solcher Anlagen im Vergleich zu reinen Heizungswérmepumpen immer deutlich niedriger.
Dies trifft vor allem bei Niedrigenergiegebduden zu, da hier die Warmwasserbereitung einen
wesentlichen Anteil am Gesamtwarmebedarf hat.

Solare Kombianlagen zur Brauchwasserbereitung und Heizungsunterstiitzung sind in
Osterreich ebenfalls weit verbreitet. Das groBte Problem liegt bei diesen Anlagen darin, das
Energienachfrage (Heizung + Warmwasser) und Energieangebot (Solarstrahlung) im
jahreszeitlichen Verlauf gegenldufig sind. Solaranlagen mit einem hohen solaren
Deckungsgrad fiir Warmwasser und Raumheizung sind daher nur mit einem relativ hohen
Aufwand (groB3e Pufferspeicher und Kollektorfldchen) realisierbar. Durch die sinkende
Anlagenauslastung bei steigendem solarem Deckungsgrad sinkt der jéhrliche solare
Energieertrag pro m? Kollektorfliche, was solche Anlagen derzeit wirtschaftlich unattraktiv
macht.

In den letzten Jahren haben mehrere Hersteller (Trojek, Augsten, 2009) Systeme auf den
Markt gebracht, die Warmepumpen und thermische Solaranlagen fiir den Einsatz zur
Raumheizung und Warmwasserbereitung kombinieren. Die Argumente, die dafiir sprechen
sind:

e Bei relativ geringer Sonneneinstrahlung - etwa im Winter - kann die Sonnenenergie
auch bei fiir die Anwendung nicht ausreichendem Temperaturniveau genutzt werden,
wenn dieses von der Warmepumpe angehoben werden kann. Andererseits kann auch
die Warmepumpe das Temperaturniveau im Speicher derart senken, dass der
Kollektor tiberhaupt Sonnenenergie gewinnen und dem System zufiihren kann.

e Die Solarkollektoren konnen in Kombination mit einer Warmepumpe im Mittel bei
niedrigeren Temperaturen und damit mit einem héheren Wirkungsgrad betrieben
werden.

e Durch die ersten beiden Punkte kommt es zu einem evtl. wesentlich hoheren solaren
Energieertrag pro m? Kollektorfldche.

e Die Wirmequellentemperatur der Warmepumpe wird durch die Sonnenkollektoren
angehoben, wodurch diese mit hoheren Leistungszahlen arbeitet.
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e Die Warmwasserbereitung, bei der die Warmepumpe nur mit relativ niedrigen
Leistungszahlen arbeitet, kann vor allem im Sommer und in der Ubergangszeit — bei
entsprechender Dimensionierung der thermischen Solaranlage — vollstéindig von dieser
iibernommen werden. Dies ist vor allem bei Niedrigenergiegebduden von Vorteil, da
hier der Warmebedarf fiir das Warmwasser einen wesentlichen Anteil am Gesamt-
energiebedarf hat.

e Argumente, die fiir Kritiker gegen diese Kombination sprechen, sind:

e Beide Systeme haben relativ hohe Investitionskosten aber niedrige Betriebskosten,
wodurch eine Kombination nur schwer zu rechtfertigen ist. Dieses Argument spricht
vor allem fiir viele Warmepumpenhersteller gegen diese Kombination.

e Die thermische Solaranlage liefert genau dann viel Energie, wenn die Wiarmepumpe
(besonders Luft-WP) eigentlich mit relativ hohen Arbeitszahlen arbeiten konnte.

Die aktuellen Entwicklungen und Verkaufszahlen zeigen auf jeden Fall, dass eine sehr starke
Nachfrage nach solchen Systemen besteht. Uber die Effizienz der angebotenen Systeme ist
allerdings noch wenig bekannt (Trojek, Augsten, 2009). Erste Erfahrungen und Messungen
bei realisierten Anlagen (auch bei einem der an diesem Antrag beteiligten Industriepartner)
zeigen, dass die vielfach erwarteten Ergebnisse nicht erreicht werden konnten.

Die Hauptursache liegt darin begriindet, dass die Kopplung der beiden Technologien
hinsichtlich der jeweils speziellen Erfordernisse nur unzureichend durchgefiihrt wurde. Wie
auch bisherige Solarkombianlagen mit Standardzusatzheizungen (Gas-, Ol-, Pellet-,
Scheitholzkessel usw.) zeigen, ist die Hydraulische und Regelungstechnische Integration der
Nachheizung in das restliche System (Kollektorkreis, Speicher, Heizkreis und
Warmwasserbereitung) eine im Detail dann doch sehr komplexe Angelegenheit die nur selten
effizient geldst ist.

Zusitzlich ergeben sich durch die kombinierte Betrachtung sowohl beim typischen Kollektor
als auch der typischen Warmepumpe einige Fragestellungen. Beim Sonnenkollektor liegt eine
dieser Fragestellungen im Bereich der Kondensatbildung durch den hiufigen Betrieb unter
der Umgebungstemperatur und somit in der Frage der Kondensatabfiihrung, der
Feuchtigkeitsresistenz der eingesetzten Materialien bzw. eines moglicherweise daraus
resultierenden ungiinstigeren optischen Erscheinungsbildes. Bei den marktiiblichen
Wiérmepumpen stellt sich in Verbindung mit Solaranlagen beispielsweise die Frage,
inwieweit vergleichsweise hohe Verdampfungstemperaturen (35 bis 40°C sind denkbar)
Auswirkungen auf den Warmepumpenbetrieb (Kompressorbelastung, usw.) haben.

Problemstellungen:

e Kondensatbildung im Kollektor = Materialien, Korrosion, optisches
Erscheinungsbild,

e Kollektoren mit neuen (noch unbekannten) Funktion (Hybridkollektoren);

e Hohe Verdampfungstemperaturen = Kompressorbelastung;
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o Komplexe Systeme = Nutzer iiberfordert;

e Auslegungswerkzeuge sind nicht vorhanden;

e Genormte Priifverfahren sind nicht vorhanden;

e Vergleichbare Kennwerte schaffen (JAZ 0-3, SolJAZ 0-3);

e Abschitzung der Systemeffizienz fiir den Planer sehr schwierig - keine Werkzeuge
und sehr wenig Erfahrungswerte vorhanden;

e Erarbeitung eines Energiemanagements der Energiequellen (Luft, Erdreich, Sonne,..)
iber einen Energiespeicher oder direkt in die Gebaudespeichermasse.

e Hersteller von am Markt angebotenen Systemen sind meist entweder
Wirmepumpenhersteller oder Hersteller von thermischen Solaranlagen.
Dementsprechend unterschiedlich sind die generellen Ansétze, die verfolgt werden.
Grundsitzlich kann man zwischen den folgenden Konzept-Typen unterscheiden:

e Parallelbetrieb: Die Systemkomponenten arbeiten ,,nebeneinander®, es gibt keine
direkte Interaktion. Die Solarenergie wird hauptsichlich dazu verwendet, um den
Strombedarf der Warmepumpe zu reduzieren und ist fiir die Warmwasserbereitung
zustdndig. Solche Systeme werden hauptsidchlich von Wiarmepumpenherstellern
angeboten.

e Die Warmepumpe wird verwendet, um den Solarertrag der Solaranlage zu erhéhen.
Die Wiarmepumpe ermoglicht die Nutzung von Solarenergie auch dann, wenn die
Solarwérme mit einem Temperaturniveau zur Verfligung steht, das tiefer als die
Riicklauftemperatur auf der Abnahmeseite (Heizungssystem, Warmwasser) ist.

e Gesamt-Systemkonzepte, in denen Solaranlage und Warmepumpe entweder parallel
arbeiten oder interaktiv betrieben werden. Beim interaktiven Betrieb wird Solarenergie
direkt oder indirekt (Entkopplung iiber Wérmespeicher) als Warmequelle fiir die
Wirmepumpe benutzt. Der Warmespeicher kann dabei als sensibler Speicher oder
Latentwarmespeicher (PCM, Eis usw.), und als Kurzzeit- oder Langzeitspeicher
ausgefiihrt werden.

Bisher wurde keine systematische Analyse der Kombination WP+Solar bzw. kein objektiver
Vergleich von unterschiedlichen Ansédtzen zur Kombination dieser Technologien unter
unterschiedlichen Randbedingungen durchgefiihrt. Erste Ansétze zur Systematisierung
wurden vom Fraunhofer Institut fiir Solare Energiesysteme (FhG-ISE) mit 7 Systemtypen
vorgestellt (Miara M., 2009). Eine der ersten Zusammenstellungen von 13 am Markt
angebotenen Systemen wurde von der Hochschule Ingolstadt (Trinkl C., 2009) erstellt, mit
dem Ergebnis, dass auch bei den Anbietern nur wenig Wissen iiber das tatsidchliche
Systemverhalten vorhanden war.

Relativ gut ist der Wissensstand der einzelnen Systeme monovalente Warmepumpenanlagen
bzw. konventionelle Solarkombianlagen. Am Fraunhofer Institut fiir Solare Energiesysteme
(FhG-ISE) finden derzeit zwei gro3e Feldtests von Warmepumpenheizsystemen mit fast 200
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Messanlagen statt. Im Rahmen des europédischen EIE Projektes CombiSol werden momentan

ebenfalls 45 konventionelle Kompakt-Solarkombianlagen im Rahmen eines Feldtests

vermessen und analysiert. Fiir die Kombination Solarkombianlagen mit Warmepumpen sind

nur sehr vereinzelte Messungen bekannt (z.B.: CEPHEUS Passivhaus Egg).

Es gibt fiir derartige Systeme auch noch keinerlei Normen bzw. genormte Priifverfahren. Auf

nationaler Ebene gibt es derzeit nur einzelne Systementwicklungen verschiedener Hersteller.

Die Ergebnisse des Projekts werden im Kapitel 5 gemif3 den Arbeitspaketen unterteilt. Diese

sind:

l.
2.
3.
4.

Arbeitspaket: Losungen und Systemkonfigurationen
Arbeitspaket: Leistungsbewertung
Arbeitspaket: Modellierung und Simulation

Arbeitspaket: Dissemination und Marktunterstiitzung

Die Inhalte aus dem Arbeitspaket 4 werden teilweise im Kapitel 5 und teilweise, an

geeigneter Stelle, im Kapitel 6 dargestellt.
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4 Hintergrundinformation zum Projektinhalt

Am SHC Task 44 / HPP Annex 38 des Implementing Agreement Solar Heating and Cooling
nahmen insgesamt 15 Lander teil. Tabelle 1 zeigt die Liste der teilgenommen Institutionen

und Firmen im Detail.

Tabelle 1: Teilnehmer des Task 44

Land Institution / Firma

1 Osterreich AIT, AEE INTEC, ASiC, TU Graz / IWT

2 Deutschland Fraunhofer ISE, ITW, ISFH, TU Dresden, ZfS, Consolar,
Schiico, Sonnenkraft, Bosch, Wagner

3 Schweiz SPF, HSR, LESBAT, FHNW, NTB (WP test center), Vela
Solaris, ESSA, 3S, Elco

4 Italien Eurac, Politecnico Milano, Unipa

5 Frankreich EDF, INES

6 Belgien Thomas More Mechelen, 3E

7 Spanien Rdmes, Univ Valencia, Aiguasol

8 Dénemark DTI, Cenergia

9 Kanada Canmet

10 Finnland Universitéit Aalto

11 Schweden SERC ,TU Lund, KTH, SP, + national team, NIBE

12 Portugal LNEG Energie

13 England Elec. Utility

14 Niederlande TNO , Novem

15 USA NREL, Western renewables, Sandia

Die Zielsetzung dieses Tasks ist die Einschitzung der Bedeutung und des Potentials von

Systemen, die Solarthermie und Warmepumpen kombinieren. Dabei werden Systeme im

kleineren Leistungsbereich betrachtet die Heizung, Warmwasser und eventuell Kiihlung fiir
Ein- bis Zweifamilienhduser bereitstellen. Weiters werden Methoden entwickelt mit denen die
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Leistungsbewertung (sowohl im energetischen als auch im wirtschaftlichen Sinn) solcher
Systeme systematisiert und standardisiert werden. Dies soll zu ihrer erfolgreichen
Marktdurchdringung beitragen.

Der Task umfasst am Markt bereits vorhandene, sowie fortgeschrittene Losungen, welche
sich noch im Entwicklungsstadium befinden und eventuell noch wihrend des Tasks
vermarktet werden.

Die Ergebnisse des Tasks sollen sowohl fiir die Industrie, als auch fiir die Architekten, Planer,
Entwickler und Endkunden relevant sein. Folgende Ergebnisse wurden in diesem Task
erreicht:

e Technische Berichte liber bereits installierte, gemonitorte Systeme und fortschrittliche
Systeme, die noch immer in der Entwicklung sind;

e Priifberichte iiber Systemtests unter Laborbedingungen;

e Klassifizierung der Systemkonfigurationen mit Angabe der Vor- und Nachteile;
e Definition der Leistungszahlen und der Priifprozedere fiir Systemlosungen;

e Neue Simulationsmodelle fiir Komponenten und Gesamtsysteme;

e Sensitivititsanalyse hinsichtlich der Hauptparameter fiir einige
Systemkonfigurationen;

e Webseite mit allen wichtigen Berichten und wissenschaftlichen Veroffentlichungen;
e Ausbildungsmaterial fiir Entwickler, Planer, Installateure usw.;
e Nationale Workshops zum Thema ,,Solar und Wiarmepumpe*;
e Handbuch mit den Haupterkenntnissen aus dem Projekt.
Die inhaltliche Arbeit im Task wird in vier Subtasks thematisch aufgeteilt:

Subtask A — Losungen und Systemkonfigurationen: Informationen iiber bestehende Systeme
und Konfigurationen werden gesammelt, aufbereitet und disseminiert. Ergebnisse aus
Feldversuchen werden standardisiert aufbereitet und verdffentlicht. Es wird versucht eine
einheitliche und tibersichtliche Klassifizierung der moglichen Konfigurationen zu erstellen.

Subtask B — Leistungsbewertung: In diesem Subtask werden standardisierte Testmethoden zur
Priifung von Komponenten und Gesamtsystemen, sowie standardisierte Methoden zur
energetischen und 6konomischen Leistungsbewertung von integrierten Systemen entwickelt.
Die Ergebnisse werden die Grundlage fiir anschlieBende Normungsarbeit darstellen. Um die
Priif- und Berechnungsmethoden zu verifizieren werden Versuche an Priifstinden
durchgefiihrt.

Subtask C — Modellierung und Simulation: Es werden neue Modelle fiir Komponenten
entwickelt und/oder die bestehenden in Systemmodelle integriert. Diese Modelle werden im
Vergleich mit Messdaten validiert. Mithilfe von Simulationstools werden die Systeme
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thermodynamisch analysiert, Parameterstudien und Sensitivitdtsanalysen durchgefiihrt um die
Systeme hinsichtlich ihrer Eigenschaften (z.B. Effizienz, Regelverhalten) zu untersuchen.

Subtask D — Disseminierung und Marktunterstiitzung: Ein wichtiges Ziel des Tasks ist die
Ergebnisse der Arbeit allen interessierten Marktakteuren moglichst schnell und in geeigneter
Form zu Verfiigung zu stellen. Dies erfolgt in Form von Berichten, einer Webseite,
Newsletters, nationalen Workshops, Ausbildungsunterlagen und in Form eines Handbuchs,
das die wichtigsten Erkenntnisse und Ergebnisse aus dem Projekt zusammenfasst und am
Ende des Tasks veroffentlicht wird.

Der Operating Agent des Task 44 ist Jean-Christophe Hadorn von Base Consultants aus der
Schweiz. Die Leitung der Subtasks ist wie folgt aufgeteilt:

Subtask A: Fraunhofer ISE, Deutschland
Subtask B: AIT Energy Department, Osterreich
Subtrask C: SPF, Schweiz

Subtask D: EURAC, Italien

Unter den Aufgaben des Osterreichischen Teilprojekts zihlen unter anderem die
Subtaskleitung durch das AIT sowie der Input und Aufbereitung der nationalen Projekte von
AIT, ASIC, IWT und AEE INTEC. Vernetzungen, Profilierung/Prasentation Osterreichischer
Forschungsinstitute als interessante und internationale Partner.

Die Vernetzung der Projektpartner, speziell auf nationaler Ebene, wurde im Zuge der
durchgefiihrten Workshops und Veranstaltungen auf nationaler Ebene intensiviert. Weiteren
personlichen Austausch gab es wihrend der internationalen Expertentreffen des IEA SHC
Tasks. Daneben wurden die Inhalte und die durchgefiihrten Tasks mittels Telefonkonferenzen
und e-mail ausgetauscht und koordiniert.

Um die Chancen der heimischen Unternehmen, Industrie und Forschung weiter zu verbessern
und ihre weltweite Spitzenposition zu stirken ist eine internationale Vernetzung unabdingbar.
Ziel des Projektes ist die Dokumentation des Stands der Technik von solaren Kombianlagen
in Kombination mit Warmepumpen durch detaillierte Dokumentation und Analyse von
aktuell am Markt befindlichen Systemen sowie mittels qualitativer Analyse und Monitoring
von im realen Betrieb befindlichen Anlagen zu erstellen. Mit parallel dazu entwickelten
Simulationsmodellen werden die gemessenen Anlagen simuliert und evaluiert. Ziel der
Simulationen sind einerseits die Evaluierung der Simulationsmodelle an Hand der Messdaten
bzw. darauf aufbauend die simulationsgestiitzte Optimierung dieser bestehenden Anlagen
durch Variation der wesentlichen Parameter und Regelkonzepte. Damit sollen die theoretisch
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moglichen Optimierungspotentiale der bestehenden Konzepte ermittelt und dokumentiert
bzw. im Rahmen der Feldtests — sofern vor Ort umsetzbar — auch erprobt werden.

Die Projektergebnisse werden aufzeigen unter welchen Randbedingungen eine Kombination
Wirmepumpe-Solaranlage effizient eingesetzt werden kann.

Fiir die Solarthermie wird aufgezeigt fiir welche Betriebsbedingungen sich eine hohere
Nutzungsdauer und ein effizienterer Betrieb (durch den Warmeentzug der Warmepumpe aus
dem Solarkreis ergeben sich in diesem tiefere Temperaturniveaus wodurch der Solarkollektor
in einem effizienteren Bereich seiner Kennlinie arbeiten kann) ergibt. Dadurch ergeben sich
hohere Ertridge und das Einsparungspotential steigt. Fiir die gegebenenfalls vorhandenen
Erdreichkollektoren der Warmepumpen konnen Vorteile hinsichtlich besserer Regeneration
des Erdreichs durch die Solaranlage erwartet werden. Aus den Feldmessungen werden
Erkenntnisse iiber das quantitative Ausmal} erwartet. Auch bei Luft-Warmepumpen kann mit
einer Erh6hung der Quellentemperatur bzw. einer Reduktion der Abtausequenzen durch die
Einbindung der Solaranlage gerechnet werden. Weiters werden Kenntnisse dariiber erwartet,
inwieweit bereits verwendete Standardkomponenten (Kollektoren, Speicher, Warmepumpen,
etc) durch diese systemtechnische Kombinationen anders als bisher belastet werden, um
daraus entsprechende Spezifikationen fiir Neuentwicklungen von Komponenten aber auch
von Testprozeduren in Testzentren abzuleiten.

Weitere Ziele sind die Festlegung von energetischen Beurteilungskriterien im internationalen
Kontext, einheitliche Priif- und Monitoring Konzepte sowie die Erarbeitung von Konzepten
einer energieeffizienten Regelungs- und Steuerungstechnik.

Aufgrund einer Analyse der bestehenden Priifnormen werden standardisierte Priifmethoden
fiir Systeme entwickelt. Darauf aufbauend werden genormte Methoden entwickelt um aus den
Priifdaten momentane und saisonale Leistungszahlen berechnen zu kénnen.

Ein wichtiges Ziel ist, dass alle diese Ergebnisse durch gezielte Verbreitungsmethoden
sowohl der Osterreichischen Industrie, als auch den Entscheidungstrdgern in der Politik,
zuginglich gemacht werden.

Es werden existierende Konzepte zur Kombination von Solarkollektoren und Warmepumpen
hinsichtlich ihrer Funktionsweise bzw. der hydraulischen Verschaltung und Regelung
dokumentiert. Es wird eine Recherche iiber bestehende bzw. am Markt bereits verfligbare
Konzepte angestellt. Dazu wird auch der Kontakt mit der internationalen Fachwelt gesucht.

Parallel dazu werden bestehende Solarkombianlagen mit Warmepumpen in
Einfamilienhdusern in moglichst unterschiedlichen Systemkonfigurationen ausgesucht und
mit einem Monitoring Equipment ausgestattet, welches es ermdglicht das Systemverhalten
mit Hilfe der gespeicherten Messdaten (erfasst im Bereich von Minutenzeitschritten) genau zu
analysieren. Auf Basis von Tages-, Wochen- bzw. Monatsenergiebilanzen werden
aussagekriftige Kennzahlen ermittelt, um die Systeme an sich beurteilen und bewerten zu
konnen, aber auch, um sie untereinander bzw. mit Vergleichssystemen vergleichen zu
kdnnen.
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Auf Basis der erstellten Anlagendokumentationen und der fiir das Monitoring ausgewahlten
spezifischen Anlagen werden mit Hilfe des Simulationstools TRNSY'S Simulationsmodelle
erstellt. Damit werden die gemessenen Anlagen nachsimuliert bzw. die Simulationsmodelle
mit Hilfe der Messdaten validiert. In einem zweiten Schritt werden an Hand von
Parametervariationen bzw. Adaptierung der Regelalgorithmen die Anlagen optimiert. Sofern
es mit vertretbarem Aufwand moglich ist (besonders die Anderung von Regelalgorithmen),
werden die OptimierungsmalBnahmen bei den Messanlagen umgesetzt und in einer weiteren
Messperiode validiert.

Aus den gewonnenen Erkenntnissen der evaluierten und simulierten Anlagen werden dann
auch neue Systemkonzepte entwickelt und mit entsprechend angepassten TRNSY'S
Simulationsmodellen bewertet. Fiir eine detaillierte Abbildung werden die Modelle an die
spezifischen Anforderungen dieser Anlagensysteme angepasst bzw. neu entwickelt, dies gilt
insbesondere fiir einige Einzelkomponenten wie Warmepumpe oder Solarkollektor.

Parallel dazu werden die in diesen neuen Systemkonzepten moglichen Betriebszustédnde der
beiden Hauptkomponenten Solarkollektor und Warmepumpe im Detail analysiert, um daraus
die neuen Anforderungsprofile zu generieren. Beim Kollektor sind dies beispielsweise
Betriebstemperaturen unter der Umgebungstemperatur, die Kondensat bzw.
Vereisungsprobleme bewirken kénnen. Fiir die Warmepumpe sind Betriebszustinde mit
zumindest zeitweise wesentlich hheren Verdampfungstemperaturen denkbar, als sie bisher
typischerweise auftreten. Dazu ist auch die Installation einer kleinen Testanlage geplant, um
solche speziellen Betriebszustdnde im Detail testen zu konnen.

Letztendlich werden die Ergebnisse der Optimierungssimulationen bzw. der ebenfalls
durchgefiihrten Simulationen von Referenzsystemen an Hand von energetischen (Nutz-, End-
und Primérenergetisch) sowie 6konomischen Kriterien bewertet und einander
gegeniibergestellt.

Fiir die Entwicklung von Priifmethoden wird eine umfangreiche Analyse der bereits
vorhandenen Normen, Richtlinien und wissenschaftlichen Veroffentlichungen durchgefiihrt.
Anhand dieser Analyse werden Priifprozedere und Berechnungsmethoden entwickelt um die
Effizienz der Kombisysteme ermitteln zu kénnen.

5 Ergebnisse des Projektes

5.1 Arbeitspaket 1: Losungen und Systemkonfigurationen:

In diesem Kapitel wird eine Dokumentation der am Markt angebotenen Systeme
vorgenommen und ein Klassifizierungssystem vorgestellt. Es lassen sich somit Riickschliisse
auf den Stand der Technik beziiglich erreichbarer Leistungskennzahlen und die
Installationsqualitdt ziehen. Optimierungspotentiale und Moglichkeiten der Fehlervermeidung
in der praktischen Umsetzung werden erfasst.
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5.1.1 Systembeschreibungen

Im Rahmen von Subtask A wurde eine einheitliche Beschreibung der Systemkonzepte
entworfen (zu finden als Technical Report of Subtask A). Jedes System wird in einem
Energiefluss-Diagramm dargestellt, welches die prinzipiellen Energiefliisse im System
darstellt. Das Grunddesign ist in Abbildung 1 als Energiefluss-Diagramm dargestellt. Im
grauen Rand sind oben die Warmequellen, links die Zusatzenergiequellen (Strom, Gas, etc.)
und rechts die Warmesenken (Raumheizung, Warmwasser, Kiihlung) zu finden. In den
weillen Bereich werden die Systemkomponenten gesetzt und mit den entsprechenden Linien
(die Energiestrome darstellen) verbunden. Eine Legende flir die moglichen Energiestrome ist
neben dem Systemnamen zu finden. Es ist wesentlich zu bemerken, dass das Energiefluss-
Diagramm kein Energieflussdiagramm im klassischen Sinne darstellt. Denn es wird weder
eine Aussage iiber die iibertragene Energiemenge gemacht noch werden die Systemverluste
dargestellt.

Abbildung 1: Energiefluss-Diagramm

Von AEE INTEC wurde im Rahmen dieser Subtask A eine Vorlage fiir eine spezifische
Systembeschreibung entworfen. Diese Vorlage ermdglicht eine einheitliche, kompakte,
zweiseitige Beschreibung der diversen Systeme am Markt. Mit dieser Vorlage werden alle im
Rahmen von Task 44 gesammelten Systeme von den jeweiligen Teilnehmern einheitlich
dargestellt. Die 2-seitigen Beschreibungen der Solar-Wiarmepumpen-Systeme Osterreichischer
Hersteller sind dem Zwischenbericht als Anhang beigefiigt.

5.1.2 Grundlegende Systeme

Die im Rahmen der erfassten Systemkombinationen wurden in vier Hauptkategorien
gegliedert: das ,,parallele®, das ,,serielle®, das ,,regenerative* und das ,. komplexe* Konzept.
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Das parallele Konzept ist ein konventionelles Solar-Kombisystem, worin die Solarkollektoren
und die Warmepumpe getrennt voneinander in einen gemeinsamen Speicher Energie liefern.
Anders als beim parallelen Konzept erzeugen beim seriellen Konzept die Solarkollektoren
zusdtzlich Warme fiir den Verdampfer der Warmepumpe. Die Kollektoren konnen hier auch
die Rolle eines Umgebungsluftwiarmetauschers iibernehmen (unabgedeckte oder hybride
Kollektoren).

Abbildung 2: Die vier grundlegenden Systeme und ihre Darstellung als Energiefluss-Diagramm

5.1.3 Analyse des Marktes

Um einen Uberblick iiber die derzeit auf dem 6sterreichischen Markt verfiigbaren
Kombinationen von Solarthermie- und Warmepumpenanlagen zu erhalten, wurde eine
Recherche durchgefiihrt, sowie Informationen durch direkte Kontakte mit den
osterreichischen Herstellern erhoben. Es wurden all jene Produzenten von
Systemkomponenten in die Ubersicht aufgenommen, welche die Méglichkeit der
Kombination beider (Teil-)Systeme zumindest erwihnen. Es handelt sie hierbei um Firmen,
welche entweder Warmepumpen- oder Kollektorhersteller sind. Nicht beriicksichtigt wurden
die unzihligen Installateure, die einzelne Komponenten von verschiedenen Herstellern zu
Gesamtsystemen kombinieren. Es konnten nur wenige fertig vordimensionierte
Komplettsysteme gefunden werden. Auch bei den technischen Daten halten sich die Firmen
gerne bedeckt, wodurch ein schneller Vergleich der Systeme erschwert wird. Die 19
osterreichischen Produkte, die am Markt angeboten werden sind in Tabelle 2 aufgelistet. Da
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es sich um einen neuen und sich relativ schnell &ndernden Markt handelt, konnte im Laufe der
Recherche beobachtet werden, dass einige dokumentierte Systeme bzw. Produkte vom Markt

verschwanden und einige neu hinzukamen.

Tabelle 2: Produkte/Systeme osterreichischer Hersteller (ohne Gewihr auf Vollstindigkeit)

Firma

System

Internetseite

C. Bosch GmbH

Solator Celsius SW

www.solator.cc

C. Bosch GmbH

Solator Celsius HY

www.solator.cc

Drexel und Weiss aerosmart www.drexel-weiss.at
Harreither GmbH CoHL600 / HL 900 www.harreither.com
Walter Bosch GmbH & Co KG EMMA & LUWA www.boesch.at
Walter Bésch GmbH & Co KG EMMA & SOWA www.boesch.at

Herz Armaturen GmbH

commotherm WW

www.herz-armaturen.com

Herz Armaturen GmbH

commotherm SW

www.herz-armaturen.com

Herz Armaturen GmbH

commotherm LW-A

www.herz-armaturen.com

IDM - Energiesysteme

Solarwarmepumpe

www.idm-energie.at

IDM - Energiesysteme

Terra SL

www.idm-energie.at

IDM - Energiesysteme

Grundwasserwarmepumpe

www.idm-energie.at

KIOTO Clear Energy AG

Sonnenheizung

www.kioto.com

Ochsner Golf Maxi plus www.ochsner.at

Rehau GEO/AERO/AQUA Warmepumpe www.rehau.com

Siko Solar Kombisol www.solar.at

Solar Power Austria Hybrid System www.solarpoweraustria.at
SOLution” HeatSOL www.sol-ution.at
Sonnenkraft’ SolarCompleet www.sonnenkraft.at
Sonnenkraft HP12M www.sonnenkraft.at

Green Products GmbH

Green Tower

www.supergruen.at

*nicht mehr am Markt, ** neu am Markt

88 Firmen in 11 teilnehmenden europdischen Liandern nahmen 2010/2011 an einer

Marktstudie betreffend Solar und Warmepumpensysteme teil (zu finden als Technical Report
of Subtask A). Die oben genannte Klassifikation, die fiir die fiir die untersuchten Systeme
angewandt wurde, ergibt die in Abbildung 3 gezeigte Aufteilung am Markt. Das ,,parallele®
Konzept (P), dominiert klar mit 61 % Anteil. Solar - Warmepumpensysteme mit reinen
,seriellen® (S) bzw. ,,regenerativen* (R) Konzepten sind mit 6 % bzw. 1 % im Vergleich
selten angeboten. Sehr beachtlich ist der Anteil an komplexen Systemen mit Kombination aus
parallelen, seriellen und/oder regenerativen Systeme, der 33 % betrégt.
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Abbildung 3: der vier allgemeinen Systeme innerhalb der Marktstudie (135 untersuchte Systeme)

5.1.4 Feldmessungen

Fiir eine Feldtestreihe (durchgefiihrt von AEE INTEC im Projekt SolPumpEff) wurden 7
Anlagen (Systeme A-G) selektiert, die im realen Betrieb in Ein- bzw. Zweifamilienhdusern im
Einsatz sind — siehe Tabelle 3. Diese Feldtestanlagen unterscheiden sich in der Art der
Wirmequelle - Luft bzw. Erdreich - und in der Art der Integration der Solarenergie - parallel
(konventionelles Kombisystem) oder integriert (die Solarenergie wird nicht nur zur direkten
Beladung eines Pufferspeichers sondern zusétzlich als Wéarmequelle fiir die Warmepumpe
genutzt). Sdmtliche Anlagen wurden mit umfangreicher Messtechnik ausgestattet und einem
Monitoring unterzogen. Neben der Messung samtlicher thermischen Energiefliisse und den
zugehdrigen Temperaturen, wurden auch die Stromverbrauche aller wesentlichen
Einzelverbraucher sowie Klimadaten und Raumtemperaturen erfasst. Von ASiC wurden
Daten 2 weiterer Feldtestanlagen aus nationalen Projekten eingebracht.
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Tabelle 3: Systeme der SolPumpEff-Feldtestreihe mit den jeweiligen Kennzahlen

AKoII: 16 m?
VSpeicher: 1000 Liter 62,5 I/m2 23.565 kWh/a
WP-Pnom: 9 kWi,

AK0||: 20 m?
Vspeicher: 1000 Liter 62,5 I/m? 21.722 kWh/a
WP'PNom: 19 kWth

AK0||: 24 m?
Vspeicher: 1500 Liter 62,5 I/m? 20.542 kWh/a
WP-Pyom: 15 KWy,

Acoll: 8 m?
Vspeicher: 800 Liter 100 I/m? 15.619 kWh/a
WP-Pyom: 19 kWy,

AK0||: 15 m?
Vspeicher: 1000 Liter 66,7 I/m? 9.253 kWh/a
WP-Pnom: 8 kWi,

Axoll 30 m?
Vspeicher: 2690 Liter 89,7 I/Im? 29.152 kWh/a
WP-Pnom: 22 kWyy,

Axoll 15 m?
Vspeicher: 1000 Liter 66,7 I/m? 7.034 KWh/a****

WP-Pyom: 9 kW,
Axon:  Kollektoraperturflache

* Integriertes System: Solaranlage unterstiitzt Verdampfer der Warmepumpe und liefert
Energie an Speicher

*x Integriertes Kompaktsystem: Integriertes System, jedoch vorgefertigtes Kompaktgerét
(Speicher, Warmepumpe, Hydraulik und Regelung in einem Gehéduse)

*#%  Heizwarmeverbrauch inklusive Verteilverluste nach der Warmemengenzihlung, 2012

*#x%k  Heizwirmebedarf It. Energieausweis

Bewertung der Feldtestanlagen

Fiir die Bewertung des Betriebsverhaltens und der Leistungsfdhigkeit der Systeme wurden
eine Reihe von Kennzahlen definiert sowie qualitative Bewertungen an Hand von
Diagrammen durchgefiihrt. Zur quantitativen Bewertung der Anlageneffizienz wurden
folgende Systemkennzahlen (1) bis (6) definiert:

QSoIar
Oon = — 1
el AKoIIektor ( )
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SD — QSoIar

2
QNutz ( )
SPF,;, = Quee 3)
Eve
SPFSWP — QSoIar + QNachheizuuy (4)
Eswe
Q
SI:)I:System = % ®))
swp
Q
SPI:Solar = E Sofar (6)
Solarpumpe
Qsolar- e eevveennn Solarenergie, dem Speicher zugefiihrt [kWh/a]
Qnutz---- - - ......Nutzenergie (Raumheizung und Warmwasser) [kWh/a]

QNachheizung: -+ Zugefiihrte Nachheizenergie (Warmepumpe-thermisch und elektrisches
Heizelement) [kWh/a]

Qwpeeevenneennnn. Vom Kondensator der Warmepumpe generierte thermische Energie [kWh/a]

Ewp...............Von der Warmepumpe bezogene elektrische Energie (Kompressor,
elektrisches Heizelement, Kondensatorpumpe, Ventilator bzw. Solepumpe,
Regelung) [kWh/a]

Eswp..cvvvennnnns Vom Gesamtsystem bezogene elektrische Energie exklusive Energieverteilung
[kWh/a]

OKoll+ < venvenenens spez. Kollektorertrag [kWh/(m?a)]

AKollektor--eeeeeeees Aperturflache des Kollektors [m?]

Tabelle 4 enthélt die Kennzahlen der Systeme A bis F fiir die Jahresperioden 2011 und 2012;
fiir System G stand bis Ende 2012 keine gesamte Jahresperiode an Messdaten zur Verfiigung.
Die Ergebnisse zeigen, dass spezifische Kollektorertrage von durchwegs iiber 400 kWh/m?a
bei solaren Deckungsgraden von bis zu 50% erzielt werden konnten. Der positive Einfluss der
thermischen Solaranlage auf das Gesamtsystem zeigt sich darin, dass die Arbeitszahlen des
Solar-Warmepumpen-Systems (SPFswp) deutlich iiber der Arbeitszahl der Warmepumpe
(SPFwp) in der Bandbreite von 13 bis 65 % liegen. Die Ergebnisse der Feldanlagen stellten
sich als passabel heraus, wobei noch Verbesserungspotential nach oben vorhanden ist. Eine
detaillierte Beschreibung des Betriebsverhaltens und der Leistungsfahigkeit der einzelnen
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Feldtestanlagen wurden von AEE INTEC in den sg. ,,Monitoring Reports* des Subtask A
dokumentiert und im Anhang 9.1.1 dargestellt (Monitoring Reports AEE).

Tabelle 4: Kennzahlen fiir Systeme A bis F von 2011 und 2012 (Quelle: AEE INTEC)

[kWh/m?Za] [%] [-]

2011 2012 2011 2012 2011 2012 2083 2682 12011 12012
System A 486,9 4359 21,1 22,5 2,79
SystemB 516,9 493,1 22,2 29,2 2,84
System C 494,7 421,3 46,8 46,6 3,72
SystemD 312,8 243,1 13,7 10,2 2,54
SystemE 412,4 351,9 51,5 39,0 1,27
System F  254,3 254,7 30,6 27,6 2,30

Zur quantitativen Bewertung des jeweiligen Anlagenverhaltens wurden Energie-Temperatur-
Diagramme erstellt, in welchen die libertragene Energie eines Hydraulikkreises nach
Temperaturklassen (in 1 Grad Schritten) sortiert dargestellt ist. Die Flache unter jeder Linie
entspricht also der gesamten iibertragenen Energie iiber den Betrachtungszeitraum. Somit
lasst sich auf einen Blick ersehen, bei welchen Temperaturniveaus die Energie von der
Wirmepumpe bzw. der Solaranlage erzeugt wurde bzw. bei welchem Temperaturniveau die
Energie flir Heizung bzw. als Warmwasser verbraucht wurde. Erste Berichte {liber das
qualitative und quantitative Betriebsverhalten der Systeme wurden bereits in (Thiir et. al.,
2012) und (Vukits et. al., 2013a) veroffentlicht.

Optimierungspotentiale

Aus der Analyse der Messdaten konnten zahlreiche Verbesserungspotentiale mit mehr oder
weniger gravierenden Auswirkungen erkannt und teilweise umgesetzt werden.
Zusammenfassend konnten die vier am hdufigsten vorkommenden kritischen Punkte
detektiert werden:

e Die sensible Reaktion der Warmepumpen auf kleinste Planungs- und
Installationsfehler (Fiihlerpositionen, Speicheranschliisse, Schichtung, etc.)
sowie die hydraulische und regelungstechnische Integration der Speicher in
das System (WW-Modus, Solltemperaturen, Laufzeiten, etc.) zeigte enorme
Auswirkungen auf die Effizienz des Gesamtsystems.

e Die Speicher zeigten sich hier als zentrale Komponente. Angepasste
Einstromgeschwindigkeiten und klar definierte Temperaturzonen sind
essentiell wichtig.

e Die Effizienz (Arbeitszahlen) von Warmepumpen hingt grundsitzlich sehr
stark vom Temperaturhub zwischen Warmequelle und Wéarmesenke ab.
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Deshalb sollte es das Ziel sein, mit der Warmepumpe so wenig wie moglich
,,Ubertemperatur zu erzeugen, die dann durch Mischventile oder
Mischungsvorgénge im Speicher nicht wieder heruntergemischt werden muss
— Exergieverluste.

e Abgestimmte Systeme mit hohem Standardisierungs- und Vorfertigungsgrad
zeigen Vorteile hinsichtlich Systemeffizienz (Wéarmeverluste, Hydraulik,
Regelung). Ebenso wichtig ist der Einsatz von energieeffizienten elektrischen
Antrieben und deren sorgfiltige an das System angepasste Auslegung.

Beispielhaft werden bei System A (siche Abbildung 4) die Auswirkungen der durchgefiihrten
Optimierungsmafnahmen an Hand zweier Energie-Temperatur-Diagramme dargestellt. In
Abbildung 4 sind die Energien des Solar- (solar flow), des Warmepumpen- (heat pump flow)
und des FuBlbodenheizungskreises (floor heating flow) nach der Hohe der jeweiligen
Vorlauftemperaturen dargestellt. Als Auswirkung der ersten Optimierung ist erkennbar, dass
der Kollektor, nach Anpassung der Regelung der Pumpe zwischen Solaranlage und
Verdampfer der Warmepumpe (solare Verdampferunterstiitzung), bereits bei niedrigeren
Temperaturen Energie produzierte und den Verdampfer somit mit mehr Energie versorgt
(griine Pfeile in Abbildung 5).

Abbildung 4: Hydraulikschema von System A

Durch die zweite Optimierung konnte eine ordnungsgemédfe Beladung des Speichers durch
die Warmepumpe erreicht werden. Die Warmepumpe hat den Speicher stindig im
Warmwassermodus vom obersten bis zum untersten Speicheranschluss beladen, unabhingig
davon, ob Warmwasser- oder Heizungsanforderung bestand. Somit wurde Heizungsenergie
fiir die FuBbodenheizung (blauer Pfeil in Abbildung 5) im ineffizienten Warmwassermodus
erzeugt (roter Pfeil im linken Diagramm von Abbildung 5) sowie iiberhohte Systemverluste
produziert und die Speicherschichtung zerstort. Dariiber hinaus war die Umwélzpumpe
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zwischen Warmepumpe und Speicher permanent in Betrieb, auch wenn die Warmepumpe
nicht aktiv war. Durch die Beseitigung der Fehler — die elektrischen Anschliisse der beiden
Pumpen und der beiden Umschaltventile waren im Regelungsschrank falsch angeschlossen —
wurde erreicht, dass die von der Warmepumpe bereitgestellte Energie in entsprechender
Menge und auf entsprechendem Temperaturniveau der FuBBbodenheizung erzeugt wurde
(Abbildung 5, roter Pfeil im rechten Diagramm).

Abbildung 5: Auswirkung der Optimierung an System A mittels Temperatur-Energie-Diagrammen
(Griiner Pfeil: Vorlauf der solaren Verdampferunterstiitzung; Blauer Pfeil: Vorlauf der
Fuflbodenheizung vor dem Mischventil; roter Pfeil: Wirmepumpenvorlauf)

5.1.5 Okologische und Okonomische Systembewertungen

Die im Rahmen des Projektes in der Feldtestreihe gemessenen und mittels TRNSY'S
simulierten Systeme wurden von AEE INTEC hinsichtlich 6kologischer sowie 6konomischer
Kennwerte analysiert. Zuniachst wurde ein Bewertungskonzept entwickelt, um Systeme
hinsichtlich Primérenergieverbrauch und CO2-Ausstof3 vergleichbar darzustellen. Dazu
wurden neben Solarkombisystemen mit Warmepumpen auch bisherige ,,normale*
Solarkombisysteme in Kombination mit Pellets- und Gaskessel betrachtet. Zum Vergleich
dazu werden ebenfalls konventionelle Systeme ohne Kombination mit Solarthermie wie
monovalente Warmepumpen, Pelletskessel und Gaskessel evaluiert. Basierend darauf wurde
auch eine 6konomische Bewertung der oben genannten Systeme unter Beriicksichtigung von
Investitions-, Installations- und Betriebskosten durchgefiihrt, ausgewertet und entsprechend
dargestellt. Eine zusammenfassende Darstellung ist in Abbildung 6 ersichtlich (SFH15/100:
Gebdude (Single Family House) mit einem spezifischen Heizenergiebedarf von 15/100
kWh/m?a).
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Abbildung 6: Wirmegestehungskosten bezogen auf Nutzwirme (Warmwasser, Reumheizung) der
“SolPumpEff” Systeme: Simulierte Systeme ohne (griin) und mit thermischer Solaranlage (blau) sowie
Systeme der Feldtestreihe A bis F (orange). Abkiirzungen: AS... Luft (air source),

Hinsichtlich Warmegestehungskosten (Kapital-, verbrauchs- und betriebsgebunden) konnte
die Studie unter den angenommenen Rahmenbedingungen — beispielhaft fiir den Gebédudetyp
SFH45 — zeigen, dass die kombinierten Solar- & Warmepumpenanlagen (parallel und seriell)
mit 0,31 bis 0,35 Euro pro kWh Nutzenergie im Vergleich zu den konventionellen
Energieerzeugern (Pellets- und Gaskessel, Luft- und Solewdrmepumpen) mit 0,27 bis 0,43
Euro pro kWh Nutzenergie im Bereich der wirtschaftlichen Konkurrenzfahigkeit liegen.

Eine detaillierte Analyse der simulierten Systeme hinsichtlich Primédrenergieverbrauch und
CO,-AusstoB hat ergeben, dass die Systeme mit Solarthermie — egal ob parallel oder seriell —
je nach Gebaudetyp (SFH15, 45 oder 100) und mit den angenommenen Rahmenbedingungen
um 20 bis 50% besser abschneiden als die Systeme ohne Solarthermie. In Abbildung 7 sind
beispielhaft die Ergebnisse der jahrlichen Kohlendioxid (CO,) Ausstdfe diverser Systeme
dargestellt.
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Abbildung 7: CO,-Ausstofl der untersuchten Systeme

5.1.6 Fortfihrung der Feldmessungen

Die Kombination von Wiarmepumpen und solarthermischen Anlagen erlaubt dariiber hinaus
eine signifikante Reduktion des Energiebedarfs fiir Heizung und Warmwasserbereitung.
Erfahrungen aus laufenden Projekten zeigen aber dass bei Auslegung Installation und
Betriebsfiihrung, bei den Osterreichischen Marktakteuren oft auch erhebliche Mingel
vorliegen.

Die geplante Fortfiihrung der Feldmessung war wichtig, um das vielversprechende System-
konzept auch definitiv anhand von Messdaten {iber einen ldngeren Zeitraum beurteilen zu
konnen. Bei diesem System handelt es sich um ein hochintegriertes, vorgefertigtes und
demnach hinsichtlich oben genannter Problematik vielversprechendes System, welches
einerseits eine Luftwirmepumpe und einen Pufferspeicher als Kompaktgerit vereint und
andererseits Energie aus der Solaranlage in dreifacher Sicht nutzen kann:

e Solarwédrme wird direkt in den Puffer eingelagert

e Solarwirme wird direkt dem Verdampfer zugefiihrt und dient so als alleinige Quelle
fiir die Warmepumpe

e Solarwédrme und Aulleneinheit dienen gemeinsam als Quelle
Zu diesen 3 Modi kommen noch 2 weitere hinzu:
e Die Aulleneinheit dient als alleinige Quelle fiir die Warmepumpe

e Die Aulleneinheit wird mit Hilfe von Energie aus dem Puffer abgetaut.
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Diese 5 Betriebsvarianten werden {iber ein eigens entwickeltes Multifunktionsventil
angesteuert.

Die Ventilstellungen werden gemeinsam mit den anderen Messstellen aufgezeichnet. Die
Messdaten sind in 5-Minuten-Intervallen verfiigbar und jeder Ventilstellung ist eine ganze
Zahl zugeordnet. Schaltet das Ventil innerhalb dieser 5 Minuten um, wird liber die Werte der
Ventilstellungen gemittelt. Daher ist die Kurve der Ventilstellung (ValveMode ValveM2)
keine reine Stufenfunktion. An dem beispielhaft dargestellten Janner-Tag (Abbildung 8) wird
jede Ventilstellung zumindest einmal angesteuert (schwarze Kurve). Die 5 Ventilstellungen
sind zur besseren Lesbarkeit farblich hinterlegt:

e Blau: Aulleneinheit dient als Quelle fiir die Warmepumpe
e Griin: Abtaubetrieb der Aueneinheit

e Orange: AuBeneinheit und Solaranlage dienen gemeinsam als Quelle fiir die
Wiarmepumpe

e Rot: Die Solaranlage liefert Energie an den Warmepumpen-Verdampfer
e Gelb: Die Solaranlage beliefert den Puffer direkt

Die AuBenluft als alleinige Quelle wird ausschlieBlich wahrend der Nacht bzw. zu Zeiten mit
geringer Einstrahlung genutzt (blau). Um etwa 6 Uhr morgens musste kurz die AuBBeneinheit
abgetaut werden (griin). Sobald ausreichend Einstrahlung verfligbar war — etwa 9 Uhr —
konnte die Solaranlage die AuBBeneinheit unterstiitzen (orange). Allerdings ist dieser Modus
nur von kurzer Dauer — etwa 35min — wie die Durchfliisse von Solarkreis (gelb strichliert)
und Aulleneinheit (violett strichliert) zeigen. Danach dient die Solaranlage fiir rund eine
Dreiviertelstunde allein als Quelle fiir die Warmepumpe. Fiir die néchsten 5,5 Stunden war
genug Finstrahlung vorhanden, dass die Solaranlage ohne zusétzliche Anhebung durch die
Wirmepumpe in den Puffer liefern konnte. Gegen 16 Uhr brach die Einstrahlung ein, sodass
auf einen gemischten Solar-Luft-Betrieb (orange) umgeschaltet wurde. Fiir kurze Zeit gab es
dann noch einmal ausreichend Einstrahlung fiir eine rein solare Verdampferunterstiitzung
(rot). Wenig spéter sind deutlich die Auskiihlkurven aller Messstellen erkennbar und die
Durchfliisse von Solarkreis und Au3eneinheit sind Null. Das Ventil steht zwar nach wie vor
in der gleichen Stellung, die Anlage stand jedoch fiir rund 3 Stunden still. Danach ging die
Anlage wieder in den Nachtbetrieb (blau, AuBlenluft als Quelle). Dieser Tag zeigt also
beispielhaft die richtige Funktion des Multifunktionsventils, sowie dessen korrekte Regelung
des Gesamtsystems.

Interessant ist auch, in welcher Hohe die produzierte Warme in den Puffer eingelagert wird.
Die Regelung scheint vorzusehen, dass die oberen Pufferzonen (WW — Warmwasser: violett
strich-punktiert; HT — Hochtemperatur: rot strichliert) vorzugsweise mit Solarunterstiitzung
beladen werden. Nur zwischen 19 und 22 Uhr wird auch ohne zu Hilfenahme der Solaranlage
Wirme auf Hochtemperaturniveau in den Puffer geschickt. Steht nur die AuBBenluft als
Wirmequelle zur Verfligung wird primdr Wérme auf niedrigerem Temperaturniveau (NT —
Niedertemperatur: blau doppelpunkt-strichliert) erzeugt und in den Puffer eingeschichtet. Das
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Pufferladeventil ist so konzipiert, dass es gleichzeitig auf 2 Ebenen einschichten kann, was
auch durch die Messdaten bestitigt wird.

Abbildung 8: Betriebsverhalten System G am 1.11.2013

IEA SHC Task 44 Ergebnisbericht Seite 27 von 58



Abbildung 9: Betriebsverhalten System G am 18.03.2013
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An dem Tag in Abbildung 9 war nur sehr wenig Einstrahlung vorhanden, daher trat der Fall
»Solaranlage liefert direkt in den Speicher nie auf. Auch die Nutzung der Solaranlage als
Quelle tritt nur in 2 kurzen Intervallen auf (rot). Uber einen lingeren Zeitraum von rund 3
Stunden (8 — 11 Uhr) konnten - laut Ventilstellung - AuB3eneinheit und Solaranlage
gemeinsam der Warmepumpe als Quelle dienen. Die Durchfliisse zeigen jedoch, dass nur die
AuBeneinheit (violett strichliert), nicht jedoch der Solarkreis (orange strichliert) aktiv war.
Zwischen 12 und 19 Uhr war kein eindeutiger Modus aktiv. Das System wechselte relativ
schnell zwischen den Quellen ,,nur Solar und ,,Solar+AufBleneinheit”. Im Gegensatz zu
Abbildung 8 (8 — 11 Uhr) ist hier die Solaranlage aktiver, als die AuBleneinheit. Es diirfte also
noch Verbesserungspotential hinsichtlich der Steuerung des Multifunktionsventils vorhanden
sein.

Allein aus den hier beispielhaft gezeigten reprasentativen Tagen kann noch keine Aussage
getroffen werden, ob die Modi mit solarer Verdampferunterstiitzung der Warmepumpe den
Mehraufwand an Komponenten (Multifunktionsventil) und Regelungseinstellungen
rechtfertigen. Anhand einer Energiebilanz eines gesamten Jahres fallt die Abschédtzung schon
etwas leichter (Abbildung 10).

Abbildung 10: Energiebilanz von System G fiir das Jahr 2013

Die Solaranlage als alleinige Quelle fiir den Verdampfer der Warmepumpe zu nutzen, fallt
mit rund 13 % (der gesamten vom Kollektor erzeugten Energie) ins Gewicht. Das deckt sich
mit den Simulationsergebnissen, die der solaren Verdampferunterstiitzung Potentiale in
dhnlicher Grofenordnunge bescheinigen. Die gleichzeitige Nutzung von Solaranlage und
AuBeneinheit als Warmequelle tritt hingegen deutlich hdufiger auf (Kollektor als Luft-
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Wirmetauscher). In der kalten Jahreszeit liberwiegt eindeutig die Warmequelle Luft, wihrend
im Sommer und in der Ubergangszeit erwartungsgemifBvon der Solaranlage dominiert
werden.

In Tabelle 5 sind die Ergebnisse als Kennzahlen (1 bis 6) der verschiedenen Systeme der
Feldtestreihe mit Luft-Wasser-Warmepumpen und solarthermischer Anlage dargestellt. Die
Kennzahlen der Systeme A, B, D und E beziehen sich auf das Messjahr 2012, dem System G
liegt das Messjahr 2013 zu Grunde.

Es konnte gezeigt werden, dass dieses vielversprechende, vorgefertigte Kompaktsystem
hinsichtlich Systemeffizienz dhnliche Werte aufweist wie die vergleichbaren Systeme mit
Luft/Wasser-Warmepumpen. Der solare Deckungsgrad (12 %) und der spezifische
Kollektorertrag (310 kWh/m?a) liegen aber etwas niedriger. Die Einfliisse der verschiedenen
klimatischen Gegebenheiten (Auflentemperatur, solare Einstrahlung, etc.) der
unterschiedlichen Messjahre bzw. die unterschiedlichen standortspezifischen klimatischen
Rahmenbedingungen auf das System (Heizenergie- und Warmwasserverbrauch, Hohe der
erzeugten Vorlauftemperatur) wurden nicht ndher bewertet.

Tabelle 5: Kennzahlen der Systeme A bis F sowie System G mit Luft als Wiarmequelle der Wirmepumpe

SPFswp | SPFwp | SPFsy | SPFsystem SD dkoll
[-] [-] [-] [-] [%] | [kWh/m?2a]
System A 3,0 24 511 24| 225 435,9
System B 3,6 29 57,9 30| 292 493,1
System D 31 2,7 - 21| 119 289,9
System E 2,0 1,2 87,6 20| 330 3519
System G 4,0 29 50,1 2,7 117 310,0
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5.1.7 Zusammenfassung

Im Allgemeinen kann gesagt werden, dass die Projektergebnisse die grundséitzliche
Sinnhaftigkeit (energetisch, Kosten, etc.) der Kombination Solarthermie und Wéarmepumpe
mit Potential fiir die Zukunft gezeigt haben.

Die Analyse der Feldtestanlagen ergab, dass die thermischen Solaranlagen die Arbeitszahl des
Hybridsystems (SPFswp) erheblich verbessern (zwischen 13% und 65%) und gute
Betriebsbedingungen fiir das solarthermische System zu hohen spezifischen Solarertrigen
fiihrten (durchwegs zwischen 400 und 500 kWh/m?a). Die sensible Reaktion der
Wiérmepumpen auf kleinste Planungs- und Installationsfehler (Fiihlerpositionen,
Speicheranschliisse, Schichtung, etc.) sowie die hydraulische und regelungstechnische
Integration der Speicher in das System (WW-Modus, Solltemperaturen, Laufzeiten, etc.)
zeigte enorme Auswirkungen auf die Effizienz des Gesamtsystems. Abgestimmte Systeme
mit hohem Standardisierungs- und Vorfertigungsgrad zeigen Vorteile hinsichtlich
Systemeffizienz (Wérmeverluste, Hydraulik, Regelung).

Eine detaillierte Analyse der simulierten Systeme hinsichtlich Primédrenergieverbrauch und
CO,-AusstoB hat ergeben, dass die Systeme mit Solarthermie — egal ob parallel oder seriell —
je nach Gebaudetyp (SFH15, 45 oder 100) und mit den angenommenen Rahmenbedingungen
um 20 bis 50% besser abschneiden als die Systeme ohne Solarthermie. Hinsichtlich
Wirmegestehungskosten (Kapital-, verbrauchs- und betriebsgebunden) konnte die Studie
unter den angenommenen Rahmenbedingungen — hier beispielhaft fiir den Gebdudetyp
SFH45 — zeigen, dass die kombinierten Solar- & Warmepumpenanlagen (parallel und seriell)
mit 0,31 bis 0,35 Euro pro kWh Nutzenergie im Vergleich zu den konventionellen
Energieerzeugern (Pellets- und Gaskessel, Luft- und Solewdrmepumpen) mit 0,27 bis 0,43
Euro pro kWh Nutzenergie im Bereich der wirtschaftlichen Konkurrenzfahigkeit liegen.

Folgende Kriterien fiir das Design eines hybriden Solar- und Wéarmepumpensystems miissen
beachtet werden:

e Adiquate Dimensionierung der Komponenten
e FEinfachheit der hydraulischen Konfiguration
e Optimale Abstimmung der Regelung und sorgfiltiges Speichermanagement

e Angepasste Positionierung der Speicheranschliisse und Fiihlerpositionierung
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5.2 Arbeitspaket 2: Leistungsbewertung:

Die Arbeit im AP2, die nachfolgend dargestellt ist und vom AIT ausgefiihrt worden ist, bildet
die Grundlage fiir das Deliverable B1 Definition of Main System Boundaries and
Performance Figures for Reporting on SHP Systems des IEA SHC Task 44 / Annex 38.
Dieses Deliverable beinhaltet den Stand der Technik von heute verfiigbaren
Bewertungskennzahlen fiir Solarthermie- und Warmepumpensysteme, sowie von
Kombinationen und die in diesem Projekt vorgeschlagenen neu entwickelten Kennzahlen zur
Bewertung mit den jeweiligen Systemgrenzen.

Um einen Uberblick iiber die bereits verwendeten Kennzahlen und Methoden zur
Leistungsbewertung von Solarkollektoren, solarthermischen Systemen, Warmepumpen und
Wirmepumpensystemen, sowie ihrer Kombinationen, wurden die nationalen und
internationalen Normen gesammelt und analysiert (siche Anhang 9.2.1). Neben den Normen
wurden auch andere Regelwerke (z.B. Priifreglements, Giitesiegel-Richtlinien) und relevante
wissenschaftliche Publikationen untersucht. Die Analyse zeigte, dass derzeit angewendete
Leistungskennzahlen, wie z.B. COP" oder SPF? nicht einheitlich definiert sind und auf der
Annahme unterschiedlicher Systemgrenzen beruhen. Dies fiihrt unter anderem dazu, dass die
Ergebnisse aus Messungen und Priifungen nicht oder nur mit erheblichem Aufwand
untereinander vergleichbar sind. Es wurde deshalb versucht, die Definition und die
Nomenklatur verschiedener Leistungskennzahlen zu systematisieren. Der erste Vorschlag ist
in der Abbildung 11 dargestellt.

In der Systematik sind folgende Kriterien zur Klassifizierung der Kennzahlen berticksichtigt
worden:

e Integrationsgrad - Komponente oder System;
e Messumgebung - Messung unter Laborbedingungen oder Feldmessung;

e Betriebsbedingungen - Messung unter Nennbedingungen oder Beriicksichtigung der
dynamischen Vorgénge, Teillastverhalten usw.

Ein wichtiger Aspekt bei der Definition der Kennzahlen ist auch die Vergleichbarkeit von
SWP-Systemen mit anderen Technologien. Deshalb wurden die Ergebnisse relevanter
internationaler Vorhaben (Annex 28, Annex 34, Task 32, Task 38, IEE SEPEMO, IEE
QAIST) beriicksichtigt.

' COP - Coefficient of Performance
2 SPF — Seasonal Performance Factor
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comparisonto
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Abbildung 11: Systematische Darstellung von Kennzahlen fiir SWP-Systeme

Als Grundlage fiir die Definition von Kennzahlen wurde anhand der Analyse von
vorhandenen Systemkonfigurationen (AP 1 und Subtask A) ein ,,Generic System‘ entworfen,
das die wichtigsten Komponenten und Interaktionsmoglichkeiten von SWP-Systemen
beinhaltet, Abbildung 12. Dieses System wurde als Basis fiir die Definition von
Leistungskennzahlen herangezogen. Die Kennzahlen fiir das tatsdchlich vorhandene System
werden durch Wegstreichen nicht vorhandener Komponenten und Energiefliisse ermittelt. Die
Leistungskennzahlen sind im Deliverable B1 detailliert beschrieben. Beispielhaft ist die
Leistungskennzahl Seasonal Performacne Factor (SPF) fiir ein SWP System inklusive
Wirmeverteilsystem (Systemgrenze SHP+, gemall Abbildung 13) Gleichung 7 zu entnehmen.
Damit wird der prinzipielle Aufbau der Leistungskennzahl anschaulich gemacht.

I(QSH + QDHW + Qc ) dt
I (Z PeI,HP,SHP+ ) dt

SPFgp, =

(7

mit

®)

Z,Pel,SHP+ =Fasct PeI,SC,C + PeI,SC,H + PeI,HP + PeI,HP,C + PeI,HP,H + PeI,HS + Pel,Bu +

+Pasun t Pasn + Paoniw T Pac T Pare T Panr T Panx + Feu

Darin ist Q ein Warmestrom, Py elektrische Leistung und die Indizes bedeuten solar and

heat pump system (SHP), space heating (SH), domestic hot water (DHW), cooling (C),
heating (H), heat pump (HP), solar collector (SC), heat source (HS), back-up unit (BU), heat
exchanger (HX) und control unit (CU).
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Abbildung 12: ,,SWP-Generic System* fiir Heizung und Brauchwasser

Derzeit gibt es keine standardisierte Methode fiir die Leistungsprognose von SWP-Systemen

beim Vorhandensein der Komponentencharakteristika und genormten Klimadaten, wie z.B.
bei den Wiarmepumpen (z.B. EN 14825, EN 15316-4-2) oder solarthermischen Systemen

(z.B. EN 12976 oder EN 12977).

Die Definition verschiedener Systemgrenzen, welche im Zuge dieses Projekts erarbeitet

wurden, konnen fiir unterschiedliche Kennzahlen herangezogen werden, welche jeweils

unterschiedliche Zielgruppen adressieren. Eine Ubersicht iiber die jeweilige Systemgrenze,

den resultierenden Kennzahlen und die damit adressierte Zielgruppe gibt Tabelle 6. Die

grafische Darstellung der unterschiedlichen Systemgrenzen zeigen die Abbildung 13 bis

Abbildung 17 fiir das definierte Referenzsystem.

Tabelle 6: Uberblick iiber die unterschiedlichen Systemgrenzen zur Leistungsbewertung von SWP

Systemen

Systemgrenze

Zweck

Zielgruppe

SHP+: Gesamt Systembeurteilung
inklusive Verteilsystem

Die Moglichkeit einer Energie,
Okonomie und Okologie bezogene
Auswertung des gesamten Systems -
Gesamtenergiebilanz, gehandelt Energie,
frei zur Verfiigung stehende Energie,
Emissionen usw.

Benutzer, politische
Entscheidungstriger,
statistische Auswertung

SHP: Gesamtsystembeurteilung,
ohne Verteilsystem

Maéglichkeit einer Energie, Okonomie
und Okologie bezogenen Auswertung
des Erzeugungssystems, ohne
Verteilungssystem, das fiir
unterschiedliche Anwendungen variieren

Hersteller, Planer,
Installateure,
Anwender,
Forderinstitutionen,
Entscheidungstrager
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kann. Vergleich zwischen verschiedenen
Systemen und Technologien,
Qualitdtssicherung, Kennzeichnung

SHPDbSt: Beurteilung des Systems,
ohne den Einfluss der
Speicherverluste

Vor allem interessant fiir Systemanalyse
- Speichermanagement

System-und
Komponentenhersteller,
Planer

HP+HS: Beurteilung der einzelnen
Energieumwandlungseinheit,

Performance der einzelnen Einheit unter

Komponenten-und

. o . den gegebenen Umsténden gibt Auskunft Teilkomponente
%:;;Srcnl:gefrlrllcg iflrd\ziirgf%?eue der iiber die Effizienz jedes Subsystem und Hersteller, Planer und
erfor deflichre)n Hilfsantriebe mogliche Verbesserungen Installateure

Dies entspricht weitgehend der
Energiebilanz die in den meisten
. Qualitdtssicherungssystemen (sowohl fiir
HP/SC/BU: Performance der thermische Solarkollektoren und System-und

einzelnen
Energieumwandlungseinheit selbst,
ohne Einfluss der Hilfsenergie

Wiérmepumpen, z. B. Solar Keymark,
EHPA Quality Label) verwendet wird.
Im Vergleich mit anderen Kennzahlen,
eine Analyse des Systems in Bezug auf
Hilfsenergie.

Komponentenhersteller,
Planer, Installateure

Abbildung 13: Systemgrenze SHP+, Solaranlage und Wirmepumpe inklusive Wirmeverteilsystem
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Abbildung 14: Systemgrenze SHP, Solaranlage und Wirmepumpe ohne Wirmeverteilsystem

Abbildung 15: Systemgrenze bSt (before Storage) im Heizungsmodus, also ohne Speicherverluste
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Abbildung 16: Systemgrenze HP+HS, also Wiarmepumpe inklusive vollstiindige Warmequellenanlage

Abbildung 17: Systemgrenze HP / SC / BU, also um die jeweilige Komponente ohne Hilfsenergie
(Wirmepumpe, Solarkollektor, Back-Up)
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Weitere Kennzahlen welche im Task 44 entwickelt wurden, beriicksichtigen Folgendes:
e Primérenergiebedarf
¢ Einsatz von Solarenergie an der gesamten Endenergie
e Einsparung gegeniiber einer Alternative
e Treibhausschidigendes Potential
e FEtc.

Diese weiteren Kennzahlen sind ebenfalls in Deliverable B1 dokumentiert.

Im Zuge der Arbeiten im Arbeitspaket 2 wurde ein einheitliches Schema zur Darstellung von
Testergebnissen von Labortests ausgearbeitet (sieche Anhang 9.2.2). Im Task 44 / A38 wurden
13 verschiedene Systemtests an drei Instituten erfolgreich durchgefiihrt und geméal der
entwickelten Vorlage dokumentiert (zu finden in Deliverable B2 des IEA SHC Task 44 / HPP
Annex 38). Es wurden drei verschiedene Testverfahren angewendet, die modifizierte bin
Methode, ein Test auf der Grundlage der EN255 -3 und fiinf Tests nach der concise cycle test
(CCT) Methode. Der Test mit der modifizierten bin Methode und die Priifung anhand der
EN255 -3 wurden auf dem gleichen SWP System durchgefiihrt. Der Vergleich der beiden
Testmethoden zeigte eine gute Ubereinstimmung in den Ergebnissen, obwohl die
Randbedingungen etwas unterschiedlich waren. Der Test auf der Grundlage der EN255 -3
war zeitaufwendig und stark Abhéngigkeit von den Wetterbedingungen. Daher ist der Test
nach dieser Methode auch nicht mit den gleichen Bedingungen reproduzierbar. Fiir die
modifizierte bin Methode, das auf einem TRNSYS Simulationsmodell basiert, muss man
einige spezifische Experimente zur Parameteridentifikation durchfiihren. Die Testmethode
CCT erwies sich als ein wertvolles Werkzeug sowohl fiir die Systementwicklung als auch fiir
die Leistungsbewertung. Der Vorteil dieser Art von Systemtest ist, dass nicht ideale
Einbindung von Komponenten und der Einfluss der Hydraulik und Steuerung unter
transienten Betriebsbedingungen erkannt und genau bewertet werden konnen. Der Test liefert
innerhalb von 12 Tagen Informationen zu allen Betriebsbedingungen, die wéhrend eines
ganzen Jahres auftreten konnen, und ist damit viel schneller als Feldtest.

5.3 Arbeitspaket 3: Modellierung und Simulation:

5.3.1 Weiterentwicklung eines Simulationsmodells fiur Warmepumpen fur die
Simulationsumgebung TRNSYS

Am Institut fiir Warmetechnik wurde ein vom Institut fiir Solartechnik SPF (CH) erstelltes
semi-physikalisches Simulationsmodell fiir Warmepumpen weiterentwickelt. Die Berechnung
des Kaltemittelkreislaufes erfolgt iiber die jeweiligen Stoffdaten des Kaéltemittels, {iber ein
Leistungs-Polynom fiir den Verdichter und Wérmetauscher-Kennwerte fiir den Verdampfer
und Kondensator. Zusédtzlich kénnen mit diesem Warmepumpenmodell zwei Verdampfer und
zwei Kondensatoren in Serie (Luft/Sole) / (Desuperheater, Kondensator) betrachtet werden
(vgl. Abbildung 18). Das Modell wurde im Rahmen der Projekte WRGpot (822244),
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SolPumpEff (825546) und MacSheep (EU FP7) adaptiert und erweitert, so dass nun auch
Wirmepumpen mit einem drehzahlgeregelten Kompressor und/oder einer Economizer-
Schaltung (Dampfeinspritzung) simuliert werden konnen. Im Task 44 wurde das Modell in
einem der Task-Meetings vorgestellt sowie im Report C2 dokumentiert.

desuperheater T A
d5 d2

condenser
w8 wb

lo—e

expansion
valve

compressor

evaporator evaporator T
air brine
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Abbildung 18: Links: Schema eines exemplarischen Wirmepumpenkreislaufs mit allen Wirmetauschern,
die im Modell beriicksichtigt werden konnen (aufler Economizer); Rechts: Kéltemittelkreislauf im Th-

\/

h

Diagram

5.3.2 Simulationsarbeiten im Projekt WRGpot

Im Rahmen des Projekts ,,WRGpot- Wiarmeriickgewinnung aus Abwasser im Niedrigenergie-
und Passivhaus: Potenzial und Konzepte in Kombination mit Solarthermie und
Wirmepumpe* wurden am Institut fiir Warmetechnik Warmeversorgungskonzepte auf Basis
von kombinierten Warmepumpen-Solaranlagen mit Abwasserwarmeriickgewinnung (AWR)
mit Hilfe von Simulationen (TRNSY'S) analysiert und bewertet. Dabei wurden insbesondere
Systeme, die als Wirmequelle fiir die Wiarmepumpe Solarwdrme und Abwasser - ohne
konventionelle Wéirmequelle (Erdreich oder AuBlenluft) - verwenden, untersucht. Die
durchgefiihrten Arbeiten zeigen, dass derartige Systeme bei Gebduden mit einem sehr
niedrigen Wirmebedarf eine gute energetische Performance erreichen konnen. Die
Systemeftizienz ist dabei stark vom Klima des jeweiligen Standorts bzw. vor allem von der
Solarstrahlung im Winter abhingig. Eine Wiarmeriickgewinnung aus dem Abwasser ist hier
besonders interessant, weil das Warmwasser bei Niedrigenergie-Gebduden einen relativ
hohen Anteil am Gesamtwéarmebedarf einnimmt und das Abwasser in den kalten Monaten des
Jahres eine zusitzliche Warmequelle fiir das System darstellt.

Die Ergebnisse aus WRGpot sind detailliert im publizierbaren Endbericht des Projekts (Heinz
et al., 2012) dokumentiert und sind auch im Report C3, Annex H des Task 44 (Haller et al.,
2013a) eingearbeitet worden (siche Anhang 9.3.2).
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5.3.3 Simulationsarbeiten im Projekt SolPumpEff

Im Projekt ,,SolPumpEff: Hocheffiziente Kombinationen von Solarthermie- und
Wirmepumpen-anlagen® wurden vom Institut fiir Warmetechnik  Simulationsmodelle fiir
vielversprechende  Konzepte entwickelt sowie darauf aufbauend verschiedene
Wirmebereitstellungssysteme hinsichtlich ihrer energetischen Effizienz durch dynamische
Anlagensimulationen mit der Software TRNSYS wverglichen. Neben reinen parallelen
Systemen wurden auch integrierte Systeme, bei denen Solarwérme auch am Verdampfer der
Wirmepumpe verwendet wird, betrachtet. Als Solar-Kollektoren wurden einerseits selektiv
beschichtete, abgedeckte Flachkollektoren, andererseits aber auch unabgedeckte, ebenfalls
selektiv beschichtete, Kollektoren angenommen.

Fiir die Simulationen wurden hinsichtlich des Gebédudes die Randbedingungen des Task 44
(Haller et al. 2013b) verwendet, in dem ein Einfamilienhaus (SFH) mit drei verschiedenen
Dammstandards definiert wurde (Heizwéarmebedarf 15, 45 und 100 kWh/m?a am Standort
StraBburg). Auch der Warmwasserbedarf bzw. ein Zapfprofil wurde aus dem Task 44
iibernommen. In SolPumpEff wurde das Klima Graz verwendet, es wurden aber fiir den Task
44 alle Simulationen nochmals mit dem Klima Straburg durchgefiihrt, welches im Task als
Randbedingung definiert wurde, um die Ergebnisse der Simulationsarbeiten aller im Task im
Bereich Simulation titigen Gruppen vergleichen zu konnen. Die hier dargestellten Ergebnisse
wurden mit dem Klima Graz ermittelt.

Beschreibung der untersuchten Systeme

Im diesem Bericht werden die Ergebnisse fiir solare Kombisysteme mit Warmepumpe bei
SFH45 vorgestellt. Die Ergebnisse, die fiir Holz-Pellet- und Gaskessel-Systeme sowie fiir die
anderen beiden Referenzgebédude ebenfalls erarbeitet wurden, sind im Endbericht des Projekts
SolPumpEff detailliert dokumentiert (Vukits et al., 2013) und auch im Report C3, Annex G
des Task44 (Haller et al., 2013c) dargestellt.

Tabelle 7: Simulationsparameter fiir SFH45

SFH45
Wirmebedarf fiir Warmwasserbereitung [kWh/a] 2076
Heizwarmebedarf [kWh/a] 6405
Gebadudeheizlast [kW] 4,86
Leistung WP, E-Patrone [kW] 5,36

System 1: Luft-WP-System

Hier wird fiir die Warmebereitstellung eine Luft/Wasser-Warmepumpe (L/W-WP) verwendet,
die so ausgelegt wurde, dass die berechnete Gebdudeheizlast (siche Tabelle 7) bei einer
AuBenlufttemperatur von 2 °C und einer Heizwasser-seitigen Austrittstemperatur von 35 °C
abgedeckt werden kann. Da mit sinkender Verdampfungstemperatur die Leistung der WP
sinkt, ist zusétzlich eine elektrische Heizpatrone installiert, damit der Rest-Warmebedarf (ca.
4 %) abgedeckt werden kann (bivalentes System). Die gleiche Auslegung wurde auch fiir alle
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anderen betrachteten L/W-WP-Systeme verwendet. Ein Hydraulikschema des Systems ist
links in Abbildung 19 dargestellt.

System 2: Paralleles Solar-L/W-WP-Kombisystem

Hier wird die L/W-WP durch eine Solaranlage unterstiitzt, wobei der Pufferspeicher durch die
Solaranlage und die WP ,,parallel* beladen wird (siche Abbildung 19). Zusétzlich ist eine E-
Patrone zur Abdeckung der Restwarme im Speicher installiert. Bei der Solaranlage werden
selektiv beschichtete, abgedeckte Flachkollektoren verwendet.

T
@
=
=
@
aQ
5
=
=
o

Pufferspeicher

Abbildung 19: Links: Hydraulikschema System 1, rechts: System 2
System 3: Unabgedeckte Kollektoren als Wirmequelle fiir die Wirmepumpe

Hier wird die thermische Solaranlage zusidtzlich zur direkten Pufferbeladung auch als
Wirmequelle fiir die Warmepumpe verwendet. Das Kollektorfeld besteht aus selektiv
beschichteten, unabgedeckten Kollektoren. Diese konnen in Verbindung mit einer
Wirmepumpe wie ein AuBenluftwidrmetauscher arbeiten, also der AuBenluft Wirme
entziehen, wenn keine oder nur wenig Solarstrahlung zur Verfiigung steht. Die Kollektoren
sind iliber einen Sole-Kreislauf mit dem  Verdampfer der Wérmepumpe
(Plattenwérmetauscher) verbunden. Wird an der Absorber-Oberfliche die Taupunkt-
Temperatur der umgebenden AuBenluft unterschritten, wird nicht nur sensible sondern auch
latente Warme von der Luft an das Warmetrdgermedium iibertragen. Regelungstechnisch hat
hinsichtlich der Verwendung der Solaranlage die Wirmepumpe gegeniiber der direkten
Pufferbeladung Vorrang, da die Kollektoren die einzige Warmequelle fiir die Warmepumpe
darstellen. Das Hydraulikschema entspricht — abgesehen vom zusitzlichen Eisspeicher —
jenem von System 4, das in Abbildung 5 dargestellt ist. Die Sole-WP wurde so ausgelegt,
dass die berechnete Gebédudeheizlast (siche Tabelle 7) bei einer Soleeintrittstemperatur von 0
°C und einer heizwasserseitigen Austrittstemperatur von 35 °C abgedeckt werden kann.
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System 4: Unabgedeckte Kollektoren und Eisspeicher als Wirmequelle fiir die
Wirmepumpe

Dieses System unterscheidet sich zu System 3 dadurch, dass zusétzlich ein Eisspeicher als
Wirmequelle fiir die Warmepumpe vorhanden ist (sieche Abbildung 20). Auch hier werden
unabgedeckte, selektiv beschichtete Kollektoren verwendet. Eine direkte Beladung des
Pufferspeichers durch die Solaranlage bei gleichzeitigem Betrieb der Warmepumpe iiber den
Eisspeicher ist moglich, im Gegensatz zu System 3, bei dem nur der Kollektor als
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Abbildung 20: Hydraulikschema System 4

System 5: System 2 mit zusitzlicher Vorwirmung der Luft iiber die Solaranlage

Der Autbau dieses Systems entspricht im Wesentlichen jenem von System 2. Zusitzlich ist
aber die Nutzung von Solarwdrme zur Vorwidrmung der dem Verdampfer zugefiihrten
AuBenluft moglich (vgl. Abbildung 21). Die Vorwarmung erfolgt iiber einen Warmetauscher,
der dem eigentlichen Verdampfer luftseitig vorgeschalten und an den Solekreis der
Solaranlage angeschlossen ist. Damit soll bei niedriger Einstrahlung eine Vorwidrmung der
AuBenluft und somit eine Effizienzsteigerung durch eine  Erhéhung der
Verdampfungstemperatur ermoglicht werden.
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Abbildung 21: Hydraulikschema System 5

Simulationsergebnisse

In Tabelle 8 sind die wichtigsten Anlagenparameter und Simulationsergebnisse der
beschriebenen Systeme zusammengefasst. Beim Vergleich der Systeme 1 und 2 zeigt sich,
dass durch die Einbindung einer thermischen Solaranlage (14 m?) der SPFsup+pen (SPF
Gesamtsystem) beim SFH45 von 2,55 auf 3,65 erhoht wird. Der SPFyp wird durch die
Einbindung der Solaranlage etwas schlechter. Der Gesamtstromverbrauch der Anlage aber
wird um ca. 30 % gesenkt.

Tabelle 8: Simulationsparameter fiir SFH45

Anlagenkonfiguration Ergebnisse
T P e et e PR SD* Wi Woygsmvons®

m? m? m? - - % kWh kWh
< |System 1 - 0.3 - 2.55 3.25 - 3327 274
é System 2 14 1 - 3.65 3.04 55.3 2317 285
% System 3 30 1 - 3.53 3.37 47.9 2401 485
’_'E System 4 30 1 0.6 3.56 3.55 45.5 2385 492
8 System 5 14 1 - 3.68 3.10 54.6 2298 275

* SD ... solarer Deckungsgrad
Wel,tot ... Gesamtstromverbrauch des Systems

WelLE-Patr ... Stromverbrauch der El. Heizpatrone

Die Simulationsergebnisse fiir das System 5 zeigen, dass unter den verwendeten
Randbedingungen durch die Luftvorwérmung eine Verringerung des elektr. Energiebedarfs
Weltot gegeniiber der Variante mit reinem Parallelbetrieb (System 2) von 1-2 % erreicht
werden kann. Die Verbesserung ergibt sich in erster Linie durch eine etwas hohere
Jahresarbeitszahl SPFyp, die durch die Luftvorwdrmung zustande kommt. Insgesamt ldsst
sich festhalten, dass das Effizienzsteigerungs-Potential dieses Systems unter den
angenommenen Randbedingungen klein ist.
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Abbildung 22: SPFgyp. pen abhiingig von Kollektorfliche und Eisspeicher-Volumen fiir System 3 & 4 im
Vergleich zu System 1 & 2

In Abbildung 22 wurden bei den Systemen 3 und 4 die Kollektorfliche und das
Eisspeichervolumen variiert. Aus den Ergebnissen ist ersichtlich, dass bei einer Verdoppelung
der Kollektorfldche bei System 3 (30 m? unabgedeckte Kollektoren) die Systemeffizienz von
System 2 (14 m? abgedeckte Kollektoren, Parallel-Betrieb) anndhernd erreicht wird. Die
Einbindung eines zusétzlichen Eisspeichers bewirkt unter den angenommenen
Randbedingungen eine geringfiigige Erhéhung der Systemeffizienz.

5.3.4 Zusatzliche Simulationsarbeiten im Rahmen des Projekts 843157

Im Rahmen der Zusatzfinanzierung fiir die Teilnahme am Task 44 (Projekt 843157) wurden
vom Institut fiir Warmetechnik nach Absprache mit dem Subtaskleader des Subtask C weitere
Simulationen durchgefiihrt. Dabei wurden Berechnungen mit einem alternativen
Klimadatensatz und einer zusdtzlichen hydraulischen Schaltung fiir Systeme ohne Solaranlage
durchgefiihrt. Diese Ergebnisse sind im Report C3, Annex G des Task 44 dokumentiert (siche
Anhang 9.3.1).

Exemplarisch ist hier der Vergleich zwischen einem Einspeicher- und einem Zweispeicher-
System dargestellt (sieche Abbildung 23). Beim linken System ist der Speicher in ein oberes
Warmwasser- und ein unten liegendes Heizungsvolumen aufgeteilt, so wie es bei allen oben
betrachteten Systemen der Fall ist. Im System rechts in der Abbildung ist ein separater
Heizungsspeicher mit einem Volumen von 100 Liter installiert, wobei das Gesamtvolumen
das gleiche ist wie beim Einspeichersystem (300 Liter).
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Abbildung 23: Links: Einspeicher-System, Rechts: Zweispeicher-System

Die Ergebnisse sind in Abbildung 24 dargestellt. Es zeigt sich, dass die System-
Jahresarbeitszahl SPFSHP+,pen beim FEinspeicher-System etwas hoher bzw. der
Stromverbrauch etwas niedriger ist. Dies ldsst sich damit begriinden, dass die
Speicherverluste beim Zweispeichersystem aufgrund der groBBeren Speicheroberflache etwas
hoher sind als beim System mit nur einem Speicher mit gleichem Volumen. Voraussetzung

dafiir ist eine gute Temperaturschichtung im Speicher, wie sie fiir die Simulationen
angenommen wurde.

7000
2.52 SPFSHP+,pen
2.67 ]
E— W Electric Heater
Pump HP
5000 ume
= Controller
= Pump Solar

4000

M Penalty DHW
M Penalty Space Heat
® Pump DHW

3000

W Pump Space Heat

Gesamt-Stromverbrauch in kwh

B Heat Pump outdoor unit

m Heat Pump Compressor

Ein Speicher Zwei Speicher

Abbildung 24: Vergleich zwischen Einspeicher- und Zweispeicher-System fiir SFH15, 45 und 100, Klima
Strafiburg
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Im vom ASiC bearbeiteten Projekt Monolith wurde eine Kombination eines sowohl luft- als
auch wassergefiihrten solarthermischen Kollektors mit einer Luft-Wérmepumpe behandelt,
welche konstruktiv in einer gebdudeexternen Heat Unit untergebracht ist. Im Rahmen dieses
Projektes wird die Kombination eines Hybridkollektors mit einer Luft/Wasser-Warmepumpe
vorgestellt, das sich durch eine ganzheitliche Regelungstechnik auszeichnet. Dabei werden
die in Vorprojekten bereits entwickelten Komponenten auf den gegebenen Anwendungsfall
adaptiert und zu einem Gesamtsystem kombiniert. Die Reglerentwicklung dieses
Kombisystems geschah mit in den meisten industriellen Branchen bereits {iblichen Methoden
des simulationsbasierten Rapid-Prototyping.

Das Simulationsmodell wurde in EES® umgesetzt und basiert auf Massen-, Stoff- und
Energiebilanzen. Diese modellierte Komponente wurde als Biindel von statischen
Kennlinienfeldern in das Programmpaket Matlab/Simulink® konvertiert, wo anschliefend das
dynamische Verhalten des Gesamtsystems untersucht wurde. Die Verwendung von statischen
Kennfeldern bei dynamischen Betrachtungen ist in diesem Fall zuldssig, weil der
Schwerpunkt der dynamischen Simulation auf der Analyse von Jahresenergieertrigen liegt.
Es ist aber zu beachten, dass dieses dynamische Modell nur bedingt geeignet ist, transiente
Vorginge in einzelnen Komponenten abzubilden, um Verbesserungen im dynamischen
Regelungsverhalten zu erzielen — der Schwerpunkt lag in der hinreichend genauen
Wiedergabe von statischen Energiefliissen im Gesamtsystem.

Das Modell verlangt als Vorgabe quellenseitig die Eintrittstemperatur der Luft bzw. der Sole
in die Verdampfer bzw. senkenseitig die Eintrittstemperatur des Wassers und die zugehdrigen
Volumenstrome. Kéltemittelseitig sind das Hubvolumen des Verdichters und die prozentuelle
Aufteilung des Kiltemittelmassenstroms auf die Luftverdampfer bzw. den Solarverdampfer
vorzugeben (Solar Boost). Die daraus resultierenden Zustandspunkte des Kéltemittels, die
Leistungen an den Wirmeltibertriagern, die elektrische Leistungsaufnahme des Verdichters und
die Leistungszahl konnen somit berechnet werden. Um dies zu erreichen, waren einige
Vereinfachungen und Annahmen zu treffen (Unterkiihlung des Kéltemittels im Verdampfer,
Wirkungsgrade des Verdichters, Warmetibertragungs- Koeffizienten).

Abbildung 25 zeigt beispielsweise ein Kennfeld fiir eine Senkentemperatur von 40°C, das bei
der Modellbildung erzeugt wurde.

3 EES, Engineering Equation Solver V8.659, F-Chart Software, Madison, Wisconsin, USA, 2011

* Matlab/ Simulink, Matrix Laboratory R2008a, The Mathworks Inc., Natick, Massachusetts, USA, 2008
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Senkentemperatur: 40 °C
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Abbildung 25: Kennfeld COP Gesamtsystem

Durch den Prozess des Rapid-Prototyping, siche Abbildung 14, der auch als ,,Hardware-in-
the-loop HIL* in der Literatur bekannt ist, wurde das zu regelnde System als mathematisches
Modell in einer Simulationsumgebung Matlab/Simulink und mit Unterstiitzung der Toolbox
,»Carnot-Blockset™ abgebildet. Auf Basis des Simulationsmodells konnte ein energieoptimaler

Regler gefunden werden:

Der spezifische Solarertrag der Heat Unit konnte im Einsatzfall Versorgung eines
Einfamilienhauses in Wiirzburg (IEA Task44/ Annex38 Rahmenbedingungen) mit 500
kWh/m? simuliert werden.

Die unter denselben Rahmenbedingungen erreichbare Jahresarbeitszahl SPF SHP+ konnte mit
3,5 simuliert werden. Dieser Wert beinhaltet als Energieertrag auch den Hybridkollektor.
Beim elektrischen Aufwand sind alle elektrischen Verbraucher inkl. Heizkreisverteilpumpen
berticksichtigt. Der SPF HP liegt bei 4,1 (Betrachtung nur des Warmepumpenaggregates).

Das aufgebaute Systemkonzept erscheint hinsichtlich zu erwartender Systemkosten und
Installationsfreundlichkeit (hoher Vorfertigungsgrad, Vermeidung von Installationsfehlern)
vielversprechend

Die Ergebnisse konnten allerdings in der Projektlaufzeit mittels Systemvermessung nicht
mehr tiberpriift werden. Dies betrifft das Erreichen von (Jahres-) Energieertrdgen sowie das
Einhalten von physikalischen Grenzwerten.

5.4 Bereits veroffentlichte Ergebnisse

Eine vollstindige Liste aller Verdffentlichungen aus dem Task 44 findet man unter
http://task44.iea-shc.org/publications.

Die Inhalte aus dem 0Osterreichischen Vorhaben im Task wurden auch im Rahmen der
Vortriage und Poster an folgenden nationalen und internationalen Veranstaltungen présentiert:

[1] Vortrag tiber die Aktivitdten im Task 44 im Rahmen des ,,Infotags fiir
Wiérmepumpenhersteller, Wien, 7. September 2010
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[10]

[11]

[12]

Vortrag liber die SWP-Systeme im Rahmen des ,,Weiterbildungstags fiir zertifizierte
WirmepumpenunstallateurInnen®, Wien, 22. Mérz 2011

Vortrag liber den Status der Entwicklung von Leistungskennzahlen im Subtask B auf
dem IEA SHC Task 44-45 / HPP Annex 38 Workshop im Rahmen der “Energy
Thinking Days”, Barcelona, Spanien, 6. April 2011

Lerch, W., Heinz, A., Fink, C., Breidler, J., Wagner, W. (2011): Kombination
Solarthermie / Warmepumpe inkl. Abwasser - Warmeriickgewinnung (AWR). 21.
Symposium Thermische Solarenergie, 11.-13.05.2011, Bad Staffelstein, DE,
Tagungsband S. 342 - 347

Zeitungsartikel: Projektvorstellung Task44 und SolPumpEff im Umfang von einer
Seite mit dem Titel ,,Hocheffiziente Kombinationen von Solarthermie- und
Wirmepumpenanlagen®, EE - Erneuerbare Energie, 2011-2

Implementierung aktueller Inhalte in die Lehrveranstaltung ,,Solare
Energieversorgungssysteme 3 im Master Studiengang Okoenergietechnik an der
Fachhochschule Wels

Lerch, W., Heinz, A. (2011): Kombination von Solarthermie und Warmepumpe inkl.
Abwasserwirmeriickgewinnung. RENEXPO AUSTRIA 2011, 3. Osterreichisches
Wirmepumpen Forum. Salzburg am 24.11.2011Heinz, A., Lerch, W. (2012):
Kombination Solarthermie / Warmepumpe inkl. Abwasserwirmeriickgewinnung:
Energetische Bewertung verschiedener Systeme durch dynamische
Anlagensimulationen. 22. Symposium Thermische Solarenergie, 09.-11.05.2012, Bad
Staffelstein, DE, Tagungsband S. 182 — 183

Heinz, A., Lerch, W. (2012): Kombination Solarthermie / Warmepumpe inkl.
Abwasserwarmeriickgewinnung: Energetische Bewertung verschiedener Systeme

durch dynamische Anlagensimulationen. 22. Symposium Thermische Solarenergie,
09.-11.05.2012, Bad Staffelstein, DE, Tagungsband S. 182 — 183Poster mit dem Titel

Heinz A., Lerch W., Thiir A., Vukits M. (2012): Optimierung von Solar-
Wiérmepumpen-Kombianlagen anhand von dynamischen Anlagensimulationen; 22.
Symposium Thermische Solarenergie, OTTIL 9. bis 11. Mai 2012, Bad Staffelstein.

Poster mit dem Titel ,,Heat Unit ,,Monolith* - Effizienzsteigerung einer Warmepumpe
durch Kombination mit einem luft- und wassergefiihrten thermischen Hybrid-
Sonnenkollektor, am 22. Symposium thermische Solarenergie, Bad Staffelstein,
Deutschland, 9. Bis 11. Mai 2012.

ASIC: Vortrag auf der bmvit Veranstaltung, Highlights der Energieforschung,
erneuerbares Heizen und Kiihlen: Kombinietre Solarthermie und
Wirmepumpensysteme

Zeitungsartikel: Projektvorstellung Task 44 und SolPumpEff im Umfang von einer
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5.5 Noch zu veroffentlichende Ergebnisse

Folgende wichtige Veroffentlichungen sind im Laufe des Jahres 2014 geplant:

[1]
2]

Handbuch ,,Solar and Heat Pump Systems*
Deliverables des IEA SHC Task 44 / Annex 38

6 Vernetzung und Ergebnistransfer

Besonders relevant sind die Ergebnisse des Projekts fiir folgende Zielgruppen:

Unabhéngige oder offentliche Institutionen (Branchenverbande) um die Moglichkeit
der qualitativ hochwertigen Kombination von Solarenergie & Wéarmepumpe und das
Potential zur Energieeinsparung auch fiir die Endkunden aufzuzeigen.

Priifstellen unter Einverstindnis der Komponentenhersteller, um ein Priiflabel (Solar
& Wirmepumpen- Keymark) zu etablieren.

Komponentenhersteller, um sowohl passende solarthermische Komponenten, als auch
Bauteile fiir die Warmepumpe weiter zu entwickeln.

Universititen, Fachhochschulen, technische Lehranstalten und Berufsschulen um
Uberzeugungsarbeit leisten zu konnen.

Die osterreichischen Solarunternehmen bzw. HLK-GroBhéndler als Systemanbieter,
Hersteller von Warmepumpen sowie Installateure.

Planer und Architekten, wenn es um den Entscheidungsprozesses geht, ob und wie
eine Solaranlage in Kombination mit einer Warmepumpe in einem Projekt zur
Anwendung kommt.

Alle Ergebnisse des Task 44 werden unter http://task44.iea-shc.org/publications

verdffentlicht. Neben dem jihrlichen Newsletter und den vielzdhligen Konferenz- und

Journalbeitrdgen, werden dort auch alle Deliverables zum Task verdftentlicht.

Als zusitzliches Highlight wird im Juni 2014 ein Handbuch ,,Solar and Heat Pump Systems*

verdffentlicht. Details dazu werden ebenfalls auf der webpage des Task 44 bekanntgeben
(http://task44.iea-shc.org/)

Die Ergebnisse wurden, speziell auf nationaler Ebene, wie im Arbeitspaket 4 bereits

beschrieben, in folgenden Veranstaltungen und Zeitschriften verbreitet und im Rahmen der

Workshops auch die Zielgruppen entsprechend eingebunden und die Ergebnisse

kommuniziert:

Implementierung aktueller Inhalte in die Lehrveranstaltung ,,Solare
Energieversorgungssysteme 3 im Master Studiengang Okoenergietechnik an der
Fachhochschule Wels durch ASIC. Hier wurden 12 Einheiten zur Behandlung von
SWP- Systemen abgehalten.

Die Ergebnisse des Tasks konnten im Rahmen eines Workshops am AIT, am
11.10.2014 prisentiert werden.

Die Ergebnisse der Arbeiten des nationalen Projekts ,,SolPumpEff* wurden im
Rahmen von 2 Symposien/Workshops 6ffentlich prasentiert. Fiir den ersten Workshop
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am 31.10.2012 in Haag wurde ein kleinerer, facheinschldgiger Teilnehmerkreis im
Umfang von 18 Personen eingeladen, um die bisherigen Projektergebnisse breiter
diskutieren zu konnen und sich fiir die bleibende Projektlaufzeit Inputs aus der
Fachbranche zu holen. Fiir den zweiten Workshop bzw. Symposium am 18.04.2013 in
Eberstalzell wurde einem breiten Publikum von tiber 100 Teilnehmern die
Endergebnisse des Projektes vorgestellt. Experten der IEA Task44 stellten neben dem
Projektteam von ,,SolPumpEft* erginzende Ergebnisse vor.

Basierend auf den Projektergebnissen wurde ein Leitfaden mit Bezug auf allgemeingiiltige
Problemstellungen fiir Planer und Installateure zusammengestellt — siche Anhang 9.1.2.

Weiters wurde mit zwei Artikel in Fachzeitschriften, Erneuerbare Energie — ee
(,,Hocheffiziente Kombination von Solarthermie- und Warmepumpenanlagen —
Erfahrungsbericht aus einem Forschungsprojekt™) und a3BAU (,,Warmepumpen +
Solarthermie - Eine Frage der Einstellung*) die wichtigsten Ergebnisse der Offentlichkeit
prasentiert.

7 Schlussfolgerungen, Ausblick und Empfehlungen

In Summe sind am europédischen Markt mehr als 130 Heizsysteme als Kombination von
Wirmepumpe und solarthermischer Solaranlage (SWP) verfiigbar. Die Firmenstandorte der
entsprechenden Hersteller befinden sich zu 48% in Deutschland und zu 19% in Osterreich.
Die Mehrheit der Firmen vertreibt ihre Produkte in 3 oder mehreren Landern, ein
europdischer oder weltweiter Vertrieb wurde kaum genannt. Im Jahr 2010 wurde verstirkt mit
der Markteinfithrung von SWP Systemen begonnen.

Als Hauptmerkmal kdnnen die untersuchten Systemkonzepte nach der Interaktion zwischen
thermischer Solaranlage und Warmepumpe unterschieden werden in:

e Kollektor und Warmepumpe liefern unabhingig voneinander Energie (Parallelsystem,
P)

e Der Kollektor arbeitet als einzige oder zusétzliche Quelle fiir die Warmepumpe
(Seriellsystem, S)

e Eine Unterkategorie der Seriellen Systeme ist die solare Regeneration einer vorhanden
Quelle (R)

Das einfache Parallelkonzept dominiert den Markt mit 62% der verfiigbaren Anlagen, rein
serielle Konzepte sind mit 8% vertreten, rein regenerative Systeme mit nur 1%.
Beachtenswert ist, dass Systeme welche unterschiedlichen Betriebsarten erlauben mit 33%
vertreten sind. Viele der aufgezihlten Firmen haben weniger als SWP 10 Anlagen in Betrieb,
oder haben im Berichtszeitraum dieses Geschéftsfeld wieder eingestellt.

Durch die Analyse der bestehenden Normen und Berechnungsmethoden der Einzelanlage
Wirmepumpe und der Einzelanlage Solarthermie konnte eine einheitliche Darstellung der
Systemperformance (SPF) der Kombination aus Solarthermie und Warmepumpe abgeleitet
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werden. Ein wichtiger weiterer Schritt war die Definition von Systemgrenzen, die in ihrer
Anwendung auf das System so allgemein sind, dass nahezu jedes beliebige System zur
Bereitstellung von Raumwérme- und kélte, sowie Brauchwarmwasser bilanziert werden kann.
Weitere Kennzahlen, wie zum Beispiel zur Beurteilung des Priméarenergieeinsatzes und der
verursachten CO, Emissionen konnten ebenfalls entwickelt werden oder aus bestehenden
Kennzahlen fiir die Kombination aus Solarthermie und Warmepumpe adaptiert werden.

Die im Projekt durchgefiihrten Simulationen haben gezeigt, dass bei dem Luft-WP-System fiir
das SFH45-Gebiude durch die Einbindung einer thermischen Solaranlage (14 m?) die
Systemeffizienz um ca. 43 % erhoht bzw. der Stromverbrauch um ca. 30 % deutlich reduziert
werden kann. Bei den integrierten Solar-WP-Systemen ldsst sich bei den in der Simulation
betrachteten Konfigurationen durch die Anhebung des Verdampfungs-Temperaturniveaus
gegeniiber einem rein parallelen Betrieb die Systemeffizienz nur unwesentlich erhéhen. Bei
Verwendung von unabgedeckten, selektiv beschichteten Kollektoren als Warmequelle fiir die
Wirmepumpe miisste die Kollektorfliche ca. doppelt so grof3 ausgefiihrt werden, um die
gleiche Systemeffizienz wie mit einem parallelen System mit L/W-WP und abgedeckten
Kollektoren zu erzielen.

Die im Projekt entwickelten Methoden zur Leistungsbewertung und Darstellung von
Systemen wird am AIT auch zukiinftig verwendet. Aulerdem werden die Entwickelten
Kennzahlen zur Bewertung und dem Vergleich von unterschiedlichen Systemen angewendet
um eindeutige Aussagen treffen zu konnen. Die Definition von einheitlichen Systemgrenzen
ist besonders wertvoll fiir den fairen Vergleich unterschiedlicher Systeme.

Das Institut fiir Warmetechnik kann die im Rahmen des Task44 entwickelten bzw.
weiterentwickelten Simulationsmodelle und die im Task erarbeitete weiterfiihrende Expertise
im Bereich Systemsimulationen sehr gut in zukiinftigen Arbeiten und Projekten weiter
verwenden. Insbesondere hat sich durch die internationale Kooperation im Task44 die
Teilnahme des IWT am FP7-Projekt MacSheep ergeben, in dem weiter an der Kombination
Solar-WP gearbeitet wird.

Besonders relevant sind die Ergebnisse des Projekts dariiber hinaus fiir folgende Zielgruppen:

e Unabhéngige oder 6ffentliche Institutionen (Branchenverbinde) um die Moglichkeit
der qualitativ hochwertigen Kombination von Solarenergie & Warmepumpe und das
Potential zur Energieeinsparung auch fiir die Endkunden aufzuzeigen.

e Priifstellen unter Einverstdndnis der Komponentenhersteller, um ein Priiflabel (Solar
& Wirmepumpen- Keymark) zu etablieren.

e Komponentenhersteller, um sowohl passende solarthermische Komponenten, als auch
Bauteile fiir die Warmepumpe weiter zu entwickeln.

e Universitiaten, Fachhochschulen, technische Lehranstalten und Berufsschulen um
Uberzeugungsarbeit leisten zu konnen.

e Die Osterreichischen Solarunternehmen bzw. HLK-Grof3hdndler als Systemanbieter,
Hersteller von Warmepumpen sowie Installateure.
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e Planer und Architekten, wenn es um den Entscheidungsprozesses geht, ob und wie
eine Solaranlage in Kombination mit einer Warmepumpe in einem Projekt zur
Anwendung kommt.

Die Entwicklung der Energiepreise und die Notwendigkeit den Verbrauch an elektrischer
Energie zu reduzieren bzw. elektrische Energie effizienter zu nutzen, rechtfertigt die Arbeit an
solaren Warmepumpensystemen.

Folgende Faktoren verhindern derzeit die Marktdurchdringung:
e Hohe Gesamtinvestitionskosten
e Hohe Komplexitdt der Systeme
e Fehlende Systemzertifizierung

Existierende solare Warmepumpensysteme sind momentan durch ein sehr marktspezifisches
und klimaspezifisches Systemlayout gekennzeichnet. Viele EinflussgroBBen wie
Hydraulikschema, Regelungsstrategie und Position der Speicher Ein- und Auslédsse
beeinflussen die Effizienz der Systeme. An jedem System sind also umfangreiche
Optimierungsmafnahmen erforderlich um hohe Jahresarbeitszahlen und einen niedrigen
Primérenergiebedarf bzw. einen hohen Anteil an erneuerbaren Energietrdgern zu erreichen.

Aktuelle Uberlegungen beziiglich Primérenergieeinsparung und Wirtschaftlichkeit sprechen
beispielsweise fiir die Verwendung von unverglasten Kollektoren in serieller Anordnung mit
der Wiarmepumpe. Die Anwendung von PVT-Kollektoren in marktreifen Systemen ist ein
recht junger Trend. Folglich sind Bewertungsmethoden &hnlich wie bet KWK-Anlagen
erforderlich, die sowohl den Energieverbrauch aus dem Netz als auch die in das Netz
eingespeiste Energie beriicksichtigen. Dariiber hinaus sind Anderungen des Systemkonzepts
oder die Neuentwicklung von Komponenten bei derzeit auf dem Markt befindlichen
Systemen nicht ausgeschlossen. Die Einflihrung von PVT Kollektoren und die Wahl neuer
Kaltemittel sind nur Beispiele dafiir.

Im gegenstandlichen Projekt wurden die Notwendigkeit neuer Testmethoden sichtbar. Die
angewendete serielle (oder noch komplexere) Konfiguration wird nach heutigen Standards
ignoriert. Ein in Europa vereinheitlichter Systemtest gekoppelt mit der Definition von
Mindestanforderungen und einer Kennzeichnung der Systeme ist flir die Markteinfithrung
unbedingt notwendig (Priiflabel Solar & Warmepumpen- Keymark). Dies sollte in
Strategiepapieren, auch auBlerhalb der Anwendung im Einfamilienhaus beriicksichtigt werden.

Basierend auf diesen Ergebnissen konnen Performance- sowie Uberwachungskonzepte
entwickelt werden, um bestehende und zukiinftige Systeme selbst zu beurteilen. Zum Beispiel
kann festgestellt werden, dass bestimmte Konzepte in der Regel weniger effizient sind oder
dass erhohter technischer Aufwand der fiir bestimmte Konfigurationen benétigt wird, nicht zu
einer entsprechenden Effizienzsteigerung fiihrt.
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Die durchgefiihrten Simulationen zeigen das Potential von unterschiedlichen
Schaltungsmoglichkeiten von kombinierten Warmepumpen-Solarthermie-Anlagen und
Moglichkeiten, weitere Effizienzsteigerungen zu erzielen. Ein wesentliches Ergebnis der
Simulationen, aber insbesondere auch der im Task44 und nationalen Projekten
durchgefiihrten Feldmessungen, ist die Erkenntnis, dass die Anfélligkeit fiir Fehler bei der
Installation bzw. der Regelung bei derartigen Anlagen relativ grof3 ist bzw. dass eine
sorgfiltige Ausfiihrung und Installation und eine gute regelungstechnische Einbindung
essentiell fiir eine hohe Systemeffizienz sind. Im Hinblick darauf sind abgestimmte
Systemkonzepte mit optimal angepassten Systemkomponenten und einem hohem
Standardisierungs- und Vorfertigungsgrad (Plug&Play-Systeme) anzustreben, um Fehler bei
der Installation zu vermeiden, den Planungsaufwand zu reduzieren und eine hohe
Systemeffizienz zu garantieren.
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1 Summary

A combined air source heat pump and solar thermal heating system has been installed into a
single family house with a small workshop (electrician) in Trofaiach (Austria) and monitored
from October 2010 to February 2012. The system provides domestic hot water (2685.5
kWh/a) for 4 people and space heating (28094.3 kWh/a) for 300 m2 heated floor area. The
9.5 kW air source heat pump and the 15 mz flat-plate collectors deliver heat to a combi-
storage of 1000l water volume from where the needs for space heat and domestic hot water
are served. The energy from the solar collectors can also support the heat pumps
evaporator. All heat inputs and outputs of the storage were monitored as well as the
electricity consumption of the heat pump and the rest of the system. For the year 2011, the
resulting seasonal performance factor of the system calculated based on all electricity use
and the useful heat leaving the storage was 2.59.

2 Description of System Concept

An air source heat pump and a flat-plate collector field deliver heat into a combi-storage.
Additionally, the solar collectors can support the heat pumps evaporator. From the combi-
storage domestic hot water (via external heat exchanger) and space heat via floor heating
are provided. The collectors charge the middle and the lower part of the combi-storage
(controlled by a switching valve) while the heat pump charges the upper part of the storage
for domestic hot water preparation and the middle part for space heating.

3 Technical Data
* Air source heat pump installed indoors, refrigerant R407C (3.9 kg),
heating power 9.5kW, COP 3.3 (A2/W35, EN255)

» Flat-plate thermal collectors (15m? aperture area) oriented 35° west, nNy=74.6%,
a;=3.232 W/m2K, a,=0,014 W/m?2K?

« 1000 | combi-storage with 2 integrated tube heat exchangers
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Figurewl - 'hydraulic scheme (left), energy flow chart (right)
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4 Building Description

* Single-family house occupied by 4 people

* Year of construction: 2008

e Location: Trofaiach (Austria), altitude: 685m, latitude: 47°27
* Living area: 300m?

e Space heating consumption: 28094 kWh/a

» Domestic hot water consumption: 2685 kWh/a

Figure 2 — single family house

5 Monitoring Procedure

Several energy flows within the system are measured by Sharky 773 and Sharky Solar heat
meter. The volume counter in the solar circuit is calibrated for the water-antifreeze-mixture in
the solar circuit. From each heat meter the flow and return temperatures, the flow water and
the energies are logged. The heat meter use data sampling with 12 sec interval and
calculate the flow volume as well as the energy with this data. A Logline® Energy DCU data
logger is used for the data logging. Every 5 minutes the current value from the heat meter is
logged by the SPS. A Tritec Spektron 300 is used to measure solar irradiation on the
inclined collector field. Temperatures are measured with PT100 and PT1000 temperature
sensors of class A accuracy. These sensors are scanned every second and an average
value is calculated and recorded every 5 minutes. The electric energy consumption is
measured with electricity meters WS32-S0-MID-B and IS-C 35.65 MID. These devices show
the overall consumption on a display and an impulse output for the current energy
consumption is connected with the logger system. So the logger system counts the impulses
and calculates the consumption within the 5 minutes period.

6 Monitoring results of the first year

The average ambient temperature during the monitored period was 8.1°C. Space heat
demand and domestic hot water demand were 28094 kWh/a and 2685 kWh/a respectively,
measured at the outlet of the storage. The solar collectors yielded 487 kWh/mz2. The total
electricity demand of the system including all controllers and pumps was 11868 kWh/a. The
system’s performance factor was 2.59 based on the useful heat leaving the storage. The
performance factor for the heat pump was 2.65 and the storage efficiency reached 82%.

System A/ AEE Intec Page 3 of 7
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The energy-temperature-diagram shows that the heat pump produces heat between 30 and
60°C with a peak just below 50°C (continuous red line, heat pump flow). The second peak is
between 55 and 60°C and apparently corresponds to the DHW preparation. The DHW
demand is with 45 to 50°C about 10K below that (dashed yellow line). This difference is lost
over the external heat exchanger. The dotted red line (floor heating flow) shows at which
temperature, energy for space heating is taken out of the storage. 40 to 50°C is quite high
for a floor heating system. The peak of the return flow is at around lies at approx. 30°C.
Considering the usual temperature spread of 5K for floor heating systems, the flow
temperature could be 5 to 10K lower and therefore offers room for optimization.

The blue and the red line (heat pump flow/return) show an interesting parallel course
between 45 and 60°C. The reason for that is that the pump between heat pump and storage
is always running which leads to a rather small temperature spread and quite high losses
along the tubes. The total system losses are about 6700 kWh/a, which equals about 17% of
the total produced energy.
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Figure 4 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 5 - performance factors of the system

7 Monitoring results of the second year

The average ambient temperature was 8.3°C. Space heat demand and domestic hot water
demand changed — compared to 2011 — only slightly to 23565 kWh/a and 2752 kWh/a
respectively, measured at the outlet of the storage. The solar collectors yielded with 436
kWh/m? slightly less. The total electricity demand of the system including all controllers and
pumps was 11540 kWh/a. The system’s performance factor was 2.55 based on the useful
heat leaving the storage. The performance factor for the heat pump was 2.55 and the
storage efficiency reached 83%.

The energy-temperature-diagram is quite comparable to the year 2011. However, some
optimizations have been realized and can be seen. During the last year, the pump between
the heat pump and the storage was always running. This was changed and now the heat
pumps return flow corresponds quite well with the heat pumps flow.
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Figure 6 - left: energy balance of the system; right: produced energy at specific temperature
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8 Project Background

This monitoring was realized by AEE — Institute for Sustainable Technologies.

9 Literature / Reports

Vukits M., Becke W., Fink C., Heinz A., Lerch W.: Analyse und Bewertung solarer
Hybridsysteme, OTTI - 23. Symposium Thermische Solarenergie, Bad Staffelstein,
Germany, 2013

Thir A., Vukits M., Becke W., Heinz A., Lerch W.: Ein Jahr Feldmessung von sechs Solar-
Kombianlagen mit Warmepumpen, OTTI - 22. Symposium Thermische Solarenergie, Bad
Staffelstein, Germany, 2012

Lerch W., Heinz A., Thir A., Vukits M.: Optimierung von Solar-Warmepumpen-
Kombianlagen anhand von dynamischen Anlagensimulationen, OTTI - 22. Symposium
Thermische Solarenergie, Bad Staffelstein, Germany, 2012
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1 Summary

A combined air source heat pump and solar thermal heating system has been installed into a
single family house in Gleisdorf (Austria) and monitored from December 2010 to February
2012. The system provides domestic hot water (1921.3 kWh/a) for 4 people and space
heating (radiator: 17079.8 kWh/a; floor: 6492.8 kWh/a). The 19 kW air source heat pump
and the 20m2 flat-plate collectors deliver heat to a combi-storage of 1000l water volume from
where the needs for space heat and domestic hot water are served. Additionally, the solar
collectors deliver heat to a swimming pool. All heat inputs and outputs of the storage were
monitored as well as the electricity consumption of the heat pump compressor plus external
unit, the HP control plus pump, the domestic hot water pump and rest of the system plus
control. For the year 2011, the resulting seasonal performance factor of the system
calculated based on all electricity use and the useful heat leaving the storage was 2.38.

2 Description of System Concept

An air source heat pump and a flat plate collector field deliver heat to a combi-storage. The
combi-storage provides domestic hot water and space heat. The heat pump charges either
the upper part or the middle part of the storage directly (switching valve) and the solar
collector field charges the storage via an internal heat exchanger. An electric heating rod
acts as backup system.

3 Technical Data
* Air source heat pump (split units) using a scroll compressor with refrigerant R407C,
17.2 kW, COP 4.2 (A2/W35, EN14511)

* Flat-plate thermal collectors (20m2 aperture area) inclined 40°, oriented 46° west,
No=74.6%, a,=3.232 W/m2K, a,=0,014 W/m?2K?

e 1000 | combi-storage

* 9 kW heating rod inside the combi-storage (backup heating system)

g
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Figure 1 - hydraulic scheme (left), energy flow chart (right)
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4 Building Description

* Single-family house occupied by four people.

* Year of renovation: 2010

* Location: Gleisdorf (Austria), altitude: 382m, latitude: 47°6’

* Living area: 300 m?

* Space heating consumption: 17080 kWh/a (radiator), 3493 kWh/a (floor heating)

» Domestic hot water consumption: 1921 kWh/a

Figure 2 — single family house

5 Monitoring Procedure

In- and output energy from the system is measured by heat meter Sharky 773 and Sharky
Solar. The volume counter in the solar circuit is calibrated for the antifreeze in the solar
circuit. The logged parameters from each heat meter are flow and reverse flow temperature
as well as counted flow volume and energy. The heat meter used data sampling with 12 sec
interval and calculates the flow volume as well as the energy with this data. A B&R SPS
system is used for the data logging. Every 5 minutes the current value from the heat meter is
logged by the SPS. A Tritec Spektron 300 is used to measure solar irradiation on the
inclined collector field. For the temperature measuring PT100 and PT1000 temperature
sensors of class A accuracy are used. These sensors are scanned every second and an
average value is calculated and recorded every 5 minutes. The electric energy consumption
is measured with an electricity meters WS32-S0-MID-B and 1S-C 35.65 MID. First these
devices show the overall consumption on a display. Second there is an impulse output for
the current energy consumption which is connected with the logger system. So the logger
system counts the impulse and calculates the consumption over the 5 minutes period.

6 Monitoring results of the first year

The average ambient temperature over the measuring period was 8.4°C. Space heat
demand was 17080 kWh/a for radiator heating and 6493 kWh/a for floor heating; domestic
hot water demand was at 1921 kWh/a measured at the outlet of the storage. The solar
collectors yielded 517 kWh/m2. The total electricity demand of the system including all

System B / AEE Intec Page 3 of 7
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controllers and pumps was 10724 kWh/a. The system’s performance factor was 2.38 based
on the useful heat leaving the storage. The performance factor for the heat pump was 2.84
and the storage efficiency reached 81%.

The energy-temperature diagram shows that on average the heat pump’s flow temperature
is too high. This already has been optimized a little but there is still room for improvement.
The losses due to circulation are with 40% of the DHW consumption pleasantly low. At the
beginning of the measuring period the energy consumption of the circulation was almost as
high as the one of the DHW. This was corrected by shortening the time frame of the
circulation operating times and with the installation of a temperature sensor in the circulation
return flow with the help of which the continuous operating times were changed to clocked
operating times. For floor heating energy between 47 and 59°C is taken out of the storage
and is returned at around 35°C, measured before the mixing valve.

Figure 3 - left: energy balance of the system; right: produced energy at specific temperature
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Figure 4 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 5 - performance factors of the system

7 Monitoring results of the second year

The average ambient temperature in this measuring period was 11°C. Space heat demand
was 15698 kWh/a for radiator heating and 6024 kWh/a for floor heating; domestic hot water
demand was at 2103 kWh/a measured at the outlet of the storage. The solar collectors
yielded 493 kWh/mz. The total electricity demand of the system including all controllers and
pumps was 9183 kWh/a. The system’s performance factor was 2.69 based on the useful
heat leaving the storage. The performance factor for the heat pump was 2.97 and the
storage efficiency reached 78%.
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Figure 6 - left: energy balance of the system; right: produced energy at specific temperature
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Figure 7 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 8 - performance factors of the system
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8 Project Background

This monitoring was realized by AEE — Institute for Sustainable Technologies.

9 Literature / Reports
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1 Summary

A combined ground collector heat pump and solar thermal heating system has been installed
in a single family house in Kammern (Austria) built in 2009. The system has been monitored
since September 2010. It provides domestic hot water (1677 kWh/a) for 2 people and space
heating energy (24010 kWh/a). A 15 kW ground heat pump and 24.3 mz flat-plate collectors
deliver heat to a 1500 | stratified storage tank from where the space heating and domestic
hot water energy demand are covered. During summer the ground collector of the heat
pump is used for passive cooling. All energy flows around the heat storage were monitored
as well as the electricity consumption of the heat pump (compressor, the pump between
heat pump and heat storage, control, and the pumps in the solar, space heating and
domestic hot water circuit)

For the year 2011, the seasonal performance factor of the whole system (useful energy/total
electricity consumption) was 3.94.

2 Description of System Concept

The ground collector brine/water heat pump and the solar thermal collectors deliver heat to a
stratified heat storage tank from where domestic hot water and space heating energy is
provided. The heat pump charges either the upper part of the storage for domestic hot water
or the middle part for space heating by switching two three-way valves. The solar thermal
system charges the storage via a special stratifying heat exchanger (“Spahrentauscher”). In
summer, the ground collector of the heat pump is used as heat sink for passive cooling with
the floor heating system.

3 Technical Data
* Ground collector heat pump, 15kW nominal heating capacity, refrigerant R407C (1.8 kg),
nominal COP 4.6 (BO/W35, EN255), passive cooling via ground collector.

e Collector field with 21.7 m2 (aperture area),
flat plate solar thermal collectors inclined 42°, oriented 5° west

e 1500 | stratified storage tank
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Figure 1 - hydraulic scheme (left), energy flow chart (right)
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4 Building Description

* Single-family house, two people.

* Year of construction: 2009

* Location: Kammern (Austria), altitude: 664m, latitude: 47°23’

* Floor area: 370m? (270m? floor heated area, 100m? radiator heated cellar)

* Space heating energy consumption:15724 kWh/a (floor heating), 8286 kWh/a (radiator)
» Domestic hot water consumption: 1677 kWh/a

Figure 2 — single family house

5 Monitoring Procedure

Several energy flows within the system are measured by Sharky 773 and Sharky Solar heat
meter. The volume counter in the solar circuit is calibrated for the water-antifreeze-mixture in
the solar circuit. From each heat meter the flow and return temperatures, the flow water and
the energies are logged. The heat meter use data sampling with 12 sec interval and
calculate the flow volume as well as the energy with this data. A Logline® Energy DCU data
logger is used for the data logging. Every 5 minutes the current value from the heat meter is
logged by the SPS. A Tritec Spektron 300 is used to measure solar irradiation on the
inclined collector field. Temperatures are measured with PT100 and PT1000 temperature
sensors of class A accuracy. These sensors are scanned every second and an average
value is calculated and recorded every 5 minutes. The electric energy consumption is
measured with electricity meters WS32-S0-MID-B and I1S-C 35.65 MID. These devices show
the overall consumption on a display and an impulse output for the current energy
consumption is connected with the logger system. So the logger system counts the impulses
and calculates the consumption within the 5 minutes period.

6 Monitoring results of the first year

The solar collectors yielded 477 kwh/m2 and the average ambient temperature was 6.14°C.
Heat demand was 15724 kWh/a for floor heating, 8286 kWh/a for radiator heating and
1677 kWh/a for domestic hot water, measured at the outlet of the store. The total electricity
demand of the system including all controllers and pumps was 7328 kWh/a. The system’s
performance factor was 3.94 based on the useful heat leaving the storage. The performance
factor for the heat pump was 4.34 (based on compressor consumption), 4.07 (compressor +
brine pump) and the storage efficiency reached 86.2%.

System C / AEE Intec Page 3 of 6
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The energy-temperature-diagram shows clearly two different operating modes: DHW
preparation (heat pump flow/return at 45-55°C/40-50°C) and space heating energy
preparation (heat pump flow/return at 32-42°C/26-34°C). Especially the almost parallel
graphs of “heat pump return” and “floor heating return” demonstrate a quite well working
storage management. The system could be optimized by reducing the running time of the
heat pump in DHW-mode as the heat pump produces more energy at a high temperature
level than is actually needed.

For floor heating energy at around 36°C is taken out of the store and is returned at around
30°C, measured before the mixing valve; for radiator heating, energy is taken out of the
buffer and returned at 37°C and 34°C respectively.

Another field for optimization is the summer operation mode: Apparently, all space heating
circuits were operational. The energy used for cooling suggests that this was not needed
(see figures: system performance factors).
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Figure 3 - left: energy balance of the system; right: produced energy at specific temperature
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Figure 4 - left: performance factors of the heat pump; right: efficiency of the buffer storage

Figure 5 - performance factors of the system
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7 Monitoring results of the second year

The solar collectors yielded 421 kWh/m2 and the average ambient temperature was 8.6°C.
Heat demand was 15014 kWh/a for floor heating, 5528 kWh/a for radiator heating and
1448 kWh/a for domestic hot water, measured at the outlet of the store. The total electricity
demand of the system including all controllers and pumps was 7423 kWh/a. The system’s
performance factor was 3.11 based on the useful heat leaving the storage. The performance
factor for the heat pump was 4.23 (based on compressor consumption), 3.97 (compressor +
brine pump) and the storage efficiency reached 81%.

The energy-temperature-diagram demonstrates some of the realized optimizations:

« The difference between heat pump flow and return changed from about 5 K to about
9 K (the flow rate between heat pump and buffer storage had been reduced)

e Less hot water preparation

Also, the cooling mode of the system was optimized which results in less energy needed for
cooling (and consequently for heating as well). This can be seen in Figure 8.
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Figure 7 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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8 Project Background

This monitoring was realized by AEE — Institute for Sustainable Technologies.
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1 Summary

An air/water heat pump has been combined with existing self-constructed flat plate collectors
for a single family house in Aschbach (Austria). The system is monitored since March 2011.
The system provides domestic hot water (2578 kWh/a) and space heating energy (radiator:
10534 kWh/a; floor heating: 4233 kWh/a). A tiled stove serves as additional backup,
whereas the consumed firewood was not taken into account. The heat pump and the solar
collectors deliver heat to a combi-storage with a volume of 800 | from where space heating
and domestic hot water demand are served. An existing natural gas-fired boiler serves as
backup. All heat inputs and outputs of the storage were monitored as well as the electricity
consumption of the heat pump compressor, the heat pumps external unit (ventilator), the
heat pump (excl. external unit & compressor), the gas boiler + solar circuit pump + control
system and the space heating circuit (incl. all pumps) + mixing valves. The seasonal
performance factor of the whole system was 1.92 (useful energy/whole electricity
consumption) for the period March 2011 to February 2012.

2 Description of System Concept

An air source heat pump and a flat-plate collector field deliver heat to a combi-storage. From
the combi-storage domestic hot water and space heating are provided. The heat pump
charges with two three-way valves either the upper part for domestic hot water or the middle
part of the combi-storage for space heating and the solar collectors charge the storage with
an internal heat exchanger. A natural gas-fired boiler serves as backup.

3 Technical Data

» Air source heat pump using a scroll compressor with refrigerant R407C, heating power
16.8kW,COP 3.9 (A2/W35, EN14511), external evaporator (split unit)

» Self-constructed flat-plate thermal collectors (8m? aperture area)

» 800 | combi-storage
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4 Building Description

* Single-family house - uninsulated, 183 m? heated floor area
* Location: Aschbach (Austria), altitude: 318m, latitude: 48°4’
e Space heating energy consumption: 14767 kWh/a

» Domestic hot water consumption: 2577 kWh/a

Figure 2 — single family house

5 Monitoring Procedure

Several energy flows within the system are measured by Sharky 773 and Sharky Solar heat
meter. The volume counter in the solar circuit is calibrated for the water-antifreeze-mixture in
the solar circuit. From each heat meter the flow and return temperatures, the flow water and
the energies are logged. The heat meter use data sampling with 12 sec interval and
calculate the flow volume as well as the energy with this data. A Logline® Energy DCU data
logger is used for the data logging. Every 5 minutes the current value from the heat meter is
logged by the SPS. A Tritec Spektron 300 is used to measure solar irradiation on the
inclined collector field. Temperatures are measured with PT100 and PT1000 temperature
sensors of class A accuracy. These sensors are scanned every second and an average
value is calculated and recorded every 5 minutes. The electric energy consumption is
measured with electricity meters WS32-S0-MID-B and IS-C 35.65 MID. These devices show
the overall consumption on a display and an impulse output for the current energy
consumption is connected with the logger system. So the logger system counts the impulses
and calculates the consumption within the 5 minutes period.

6 Monitoring results of the first year

The average ambient temperature within the measuring period was 10.53°C. Space heating
demand was 10534 kWh/a (radiator) and 4233 kWh/a (floor heating). The domestic hot
water demand was 2577 kWh/a. These energies were measured near the storage. The solar
collector yield was 313 kWh/m2. The total electricity demand of the system including all
controllers and pumps was 8009 kWh/a. The gas-fired boiler contributed about 1042 kWh/a

System D / AEE Intec Page 3 of 6
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to the system. The system’s performance factor was 1.92 based on the useful heat leaving
the storage and the whole electrical effort. The performance factor for the heat pump was
2.54 (based on total electricity consumption of the heat pump) and 2.71 (based on electricity
consumption of the heat pumps compressor). The heat storage efficiency reached 77.5%
within the period.

The energy-temperature diagram on the next page shows that space heating is mainly done
with the radiator circuit and so the heat pump cannot benefit from the lower flow temperatur
of the floor heating system. For floor heating energy at around 46°C is taken out of the
storage and is returned at around 28°C while the radiator heating energy is taken out of the
storage at approx. 45°C and returned at approx. 41°C, both measured after the storage but
before the mixing valve.
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Figure 4 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 5 - performance factors of the system

7 Monitoring results of the second year

The average ambient temperature within the measuring period was 10.1°C. Space heating
demand was 12314 kWh/a (radiator) and 3305 kWh/a (floor heating). The domestic hot
water demand was 2960 kWh/a. These energies were measured near the storage. The solar
collector yield was 290 kWh/m2. The total electricity demand of the system including all
controllers and pumps was 8236 kWh/a. The gas-fired boiler contributed about 1147 kWh/a
to the system. The system’s performance factor was 1.98 based on the useful heat leaving
the storage and the whole electrical effort. The performance factor for the heat pump was
2.71 (based on total electricity consumption of the heat pump) and 2.92 (based on electricity
consumption of the heat pumps compressor). The heat storage efficiency reached 77.3%
within the period.

Malcirculation produced thermal losses of the domestic hot water storage. This was
corrected by installing a check valve. Also the times of operation of the domestic hot water
preparation were optimized. Both measures had their part in the increased system
performance. However, both weather and user behavior was different as well. A longer
period of monitoring would be necessary to confirm the effect of the optimizations.
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Figure 6 - left: energy balance of the system; right: produced energy at specific temperature
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1 Summary

A combined air source heat pump and solar thermal heating system has been installed in a
single family house in Axams (Austria) and monitored from January 2011 to February 2012.
The system provides domestic hot water (1062 kWh/a) for 4 persons and space heating
(8226 kWh/a) for 216.7 m2 of heated floor area. The 7.2 kW air source heat pump and the
11.9 mz flat plate collector field deliver heat to a combi-storage of 940 | water volume from
where the needs for space heat and domestic hot water are being served. All heat inputs
and outputs of the storage were monitored as well as the electricity consumption of the heat
pumps external unit, the heat pumps compressor, the heat pumps power consumption excl.
the above, the solar pump and control plus gas-fired boiler and the heating circuit pumps,
mixer and control.

For the year 2011, the resulting seasonal performance factor of the system calculated based
on all electricity use and the useful heat leaving the storage was 2.04.

2 Description of System Concept

An air source heat pump and a flat plate solar collector field deliver heat into a combi storage
which provides domestic hot water and space heat. Additionally, the heat pump can serve
the space heating directly, the solar collectors can support the heat pumps evaporator and a
heating rod acts as backup system for buffer and space heating. The solar collectors load
the lower part of the buffer with an internal heat exchanger. The heat pump loads the upper
part and keeps the lower part at 25°C for defrosting.

3 Technical Data

* Flat-plate thermal collectors (11.9m2 aperture area) inclined 45° oriented 10° west,
No=75.9 %, a,=3.365 W/m2K, a,=0.02 W/m?2K?2

» Air source heat pump (split units) using a scroll compressor with R407C (1.3kg). 8.3 kW,
COP 3.6 (A7/W35, EN14511)

e 940l combi-storage
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Figure 1 - hydraulic scheme (left), energy flow chart (right)
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4 Building Description

¢ Single-family house, 4 people.

* Year of construction: 2009

e Location: Axams (Austria), altitude: 875m, latitude: 47°16’
* Living area: 216.7m?

* Space heating consumption: 8226 kWh/a

* Domestic hot consumption: 1082 kWh/a

Figure 2 - collector field on the roof

5 Monitoring Procedure

Several energy flows within the system are measured by Sharky 773 and Sharky Solar heat
meter. The volume counter in the solar circuit is calibrated for the water-antifreeze-mixture in
the solar circuit. From each heat meter the flow and return temperatures, the flow water and
the energies are logged. The heat meter use data sampling with 12 sec interval and
calculate the flow volume as well as the energy with this data. A Logline® Energy DCU data
logger is used for the data logging. Every 5 minutes the current value from the heat meter is
logged by the SPS. A Tritec Spektron 300 is used to measure solar irradiation on the
inclined collector field. Temperatures are measured with PT100 and PT1000 temperature
sensors of class A accuracy. These sensors are scanned every second and an average
value is calculated and recorded every 5 minutes. The electric energy consumption is
measured with electricity meters WS32-S0-MID-B and IS-C 35.65 MID. These devices show
the overall consumption on a display and an impulse output for the current energy
consumption is connected with the logger system. So the logger system counts the impulses
and calculates the consumption within the 5 minutes period.

6 Monitoring results of the first year

The solar irradiation on the collector field was 1507 kWh/m? and the average ambient
temperature 7.98°C. Space heat demand and domestic hot water demand were 8226 kWh/a
and 1082 kWh/a respectively, measured at the outlet of the storage. The solar collectors
yielded 412 kWh per m? aperture area and year. The total electricity demand of the system
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including all controllers and pumps was 9598 kWh/a. The system’s performance factor was
1.86 based on the useful heat leaving the storage. The performance factor for the heat
pump was 3.71 based on compressor electricity consumption, 3.67 including all pumps and
1.88 including the integrated heating rod. In August, the entire DHW demand was covered
by the solar collectors, therefore the heat pump did not run at all. The storage efficiency
reached 50.6%.

The energy-temperature-diagram clearly shows the direct heating mode in the temperature
range of 35 to 45°C, demonstrated by the almost parallel graphs of “heat pump flow” and
“floor heating flow”. Similar to other combined solar thermal heat pump systems, the energy
produced by the heat pump in the temperature range of 45 to 60°C is bigger than the DHW
demand. Instead, a considerable amount a sent into the floor heating circuit at unnecessary
high temperatures.
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Figure 3 - left: energy balance of the system; right: produced energy at specific temperature
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Figure 4 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 5 - performance factors of the system

7 Monitoring results of the second year

The solar irradiation on the collector field was 1399 kWh/m2? and the average ambient
temperature 8.84°C. Space heat demand and domestic hot water demand were 9253 kWh/a
and 1030 kWh/a respectively, measured at the outlet of the storage. The solar collectors
yielded 352 kWh per m2 aperture area and year. The total electricity demand of the system
including all controllers and pumps was 10577 kWh/a. The system’s performance factor was
1.89 based on the useful heat leaving the storage. The performance factor for the heat
pump was 3.48 based on compressor electricity consumption, 3.3 including all pumps and
1.83 including the integrated heating rod. From July to September, the entire heat demand
was covered by the solar collectors, therefore the heat pump did not run at all. The storage
efficiency reached 64.6%.
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Figure 6 - left: energy balance of the system; right: produced energy at specific temperature
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8 Project Background

This monitoring was realized by AEE — Institute for Sustainable Technologies.

9 Literature / Reports

Vukits M., Becke W., Fink C., Heinz A., Lerch W.: Analyse und Bewertung solarer
Hybridsysteme, OTTI - 23. Symposium Thermische Solarenergie, Bad Staffelstein,
Germany, 2013

Thir A., Vukits M., Becke W., Heinz A., Lerch W.: Ein Jahr Feldmessung von sechs Solar-
Kombianlagen mit Warmepumpen, OTTI - 22. Symposium Thermische Solarenergie, Bad
Staffelstein, Germany, 2012

Lerch W., Heinz A., Thir A., Vukits M.: Optimierung von Solar-Warmepumpen-
Kombianlagen anhand von dynamischen Anlagensimulationen, OTTI - 22. Symposium
Thermische Solarenergie, Bad Staffelstein, Germany, 2012

System E / AEE Intec Page 7 of 7



Field Monitoring of a Combined Heat Pump and
Solar Thermal Heating System in Deutsch-
Wagram/Austria — System F

Date: 02-07-2013

By Walter Becke " and Martin Vukits *

'AEE INTEC

Feldgasse 19, 8200 Gleisdorf, Austria
+43 (0)3112 5886-231

+43 (0)3112 5886-18

w.becke@aee.at

’AEE INTEC

Feldgasse 19, 8200 Gleisdorf, Austria
+43 (0)3112 5886-261

+43 (0)3112 5886-18

m.vukits@aee.at



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

1 Summary

A combined ground source heat pump and solar thermal heating system has been installed
in a kindergarten in Deutsch-Wagram (Austria) in 2009 and monitored from September 2009
to February 2012. The system provides domestic hot water (3195.5 kWh/a) and space
heating (20393.8 kWh/a) for 745.46 m2 of heated floor area via wall heating, radiators and
ventilation system (with heat recovery). The collectors and the heat pump deliver heat to a
solar combi-store of 2690 | water volume from where the needs for space heat and domestic
hot water are served. All heat in- and outputs of the store were monitored as well as the
electricity consumption of the heat pump, the solar collector operation including all
controllers and pumps. For the year 2011, the resulting seasonal performance factor of the
system calculated based on all electricity use and the useful heat leaving the store was 2.16.

2 Description of System Concept

The ground source heat pump and the flat plate collectors deliver heat to a solar combi-
store. From the combi-store domestic hot water and space heat are provided. The heat
pump charges either the upper or the middle part of the combi-store directly (switching with a
three-way valve) and the solar collectors charge the solar combi-store with an internal heat
exchanger placed in the lower third of the store. A ventilation system with heat recovery uses
the store and the water well as source.

3 Technical Data

* Ground source heat pump, refrigerant R407C (3.8 kg), 22.1kW,
COP 4.6 (BO/W35, EN255)

* Flat-plate thermal collectors (30m?2 aperture area)

¢ 2690 | combi-store

Sun Water

=3
[ ]

S
= 2

—— Driving Energy
Schema — Water
System F — — + Brine

--------- Refrigerant

Figure 1 - hydraulic scheme (left), energy flow chart (right)
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4 Building Description

* kindergarten

* Year of construction: 2009

* Location: Deutsch-Wagram (Austria), altitude: 160m, latitude: 48°18’
* Living area: 745.46m?

e Space heating consumption: 20394 kWh/a

» Domestic hot water consumption: 3195 kWh/a

Figure 2 — kindergarten

5 Monitoring Procedure

The monitoring aim was the gathering and survey of the following parameter: total final
energy demand of the building, total space heating demand, observation of the comfort
parameter limits for room temperature and room humidity, central power supply by the
backup system and detailed measurements of the system temperatures in heating and
ventilation circuits. Additionally, climate date (solar irradiation, ambient temperature, ambient
humidity), thermal energy (domestic hot water, space heating), temperature and humidity in
the ventilation system and comfort parameter in the various rooms (room temperature,
relative humidity, CO,-concentration) are being monitored.

6 Monitoring results of the first year

The average ambient temperature during the measuring period was 10.5°C. Space heat
demand and domestic hot water demand were 20394 kWh/a and 3195 kWh/a respectively,
measured at the outlet of the store. The solar collectors yielded 254 kWh/m2. The total
electricity demand of the system including all controllers and pumps was 13189 kWh/a. The
system’s performance factor was 2.16 based on the useful heat leaving the storage. The
performance factor for the heat pump was 3.96 (based on electricity consumption of sole
pump, heating circuit pumps and pump between storage and heat pump) and 2.51 if the well
pump is added as well. The storage efficiency reached 77%.

Out of safety reasons (kindergarten), the mixing valve for DHW is set to about 40°C. The
circulation runs five times a day for 20min each run. In the energy-temperature diagram the
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desuperheating operation mode (heat pump flow HT) is clearly distinguishable from the
usual operation mode of the heat pump (heat pump flow LT). While in the desuperheating
mode temperatures between 55 and 60°C are produced, the normal mode vyields
temperatures between 40 and 55°C. Unfortunately, the desuperheating mode is of minor
interest in this special case (kindergarten, see above) and the losses due to the circulation
line prevail.

Figure 3 - left: energy balance of the system; right: produced energy at specific temperature

Figure 4 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 5 - performance factors of the system
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7 Monitoring results of the second year

The average ambient temperature during the measuring period was 12.3°C. Space heat
demand and domestic hot water demand were 29152 kWh/a and 2928 kWh/a respectively,
measured at the outlet of the store. The solar collectors yielded 250 kWh/m2. The total
electricity demand of the system including all controllers and pumps was 16278 kWh/a. The
system’s performance factor was 1.99 based on the useful heat leaving the storage. The
performance factor for the heat pump was 4.03 (based on electricity consumption of sole
pump, heating circuit pumps and pump between storage and heat pump) and 2.74 if the well
pump is added as well. The storage efficiency reached 70.4%.
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Figure 6 - left: energy balance of the system; right: produced energy at specific temperature

Figure 7 - left: performance factors of the heat pump; right: efficiency of the buffer storage
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Figure 8 - performance factors of the system
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8 Project Background

This monitoring was realized by AEE — Institute for Sustainable Technologies.

9 Literature / Reports

Vukits M., Becke W., Fink C., Heinz A., Lerch W.: Analyse und Bewertung solarer
Hybridsysteme, OTTI - 23. Symposium Thermische Solarenergie, Bad Staffelstein,
Germany, 2013

Thir A., Vukits M., Becke W., Heinz A., Lerch W.: Ein Jahr Feldmessung von sechs Solar-
Kombianlagen mit Warmepumpen, OTTI - 22. Symposium Thermische Solarenergie, Bad
Staffelstein, Germany, 2012

Lerch W., Heinz A., Thir A., Vukits M.: Optimierung von Solar-Warmepumpen-
Kombianlagen anhand von dynamischen Anlagensimulationen, OTTI - 22. Symposium
Thermische Solarenergie, Bad Staffelstein, Germany, 2012
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1 Summary

e Single family house, year of construction 1750, refurbished 2003, ~250 m? living area,
HeatSOL air to water heat pump, 28 m? flat plate collectors, solar collectors able to
support heat pump evaporator, 2 x 1.000l storage, 3001 DHW bolier, additional aged
“secure” oil burner

e Functions: DHW 3.407 kWh/a, Space heating 16.000 kWh/a
e Monitoring period: 22.12.07 — 21.03.08

e Results: Fundamental improvement of control required, solar yields for assisting heat
pump very low, system performance non satisfying (esp. defrosting...), costumer service
problematical, distribution abandoned

Interaction of control should be a premise for solar assisted heat pumps. Focus on optimized
or solar assisted defrosting operation is more promising. The consumption of thermal energy
for defrosting is often ignored, because of the measurement principle of the heat meters and
balancing needs.

2 Description of System Concept

The air source heat pump and the flat-plate collector field deliver heat into the storages or the
DHW boiler. Additionally, the solar collectors can support the heat pumps evaporator by
warming the inlet air. The collectors charge the storages on three levels (controlled by
switching valves). The heat pump charges only the upper parts of the storages and for
domestic hot water preparation the DHW boiler. The control of the solar thermal installation is
completely independent of the heat pump controller (two separated controllers with no
interaction). Lowest permitted collector absorber temperature was 15°C to avoid
condensation.

3 Technical Data

e Air source heat pump installed outdoor, refrigerant R407C (3.9 kg), heating power 9.5
kW, COP 3.3 (A2/W35, EN255)

o 28 m?flat plate collectors SOLution INSOL, azimut: -10°

e Two 1000l storages for heating, 300l boiler for DHW

e Backup oil burner instead of heating rod

HeatSOL / ASiC Page 1 of 5
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Figure 1: Hydraulic scheme

Figure 2:Energy flow chart

4 Building Description

e single-family house , year of construction 1750, refurbished 2003, 2 adult, 3 children
e Location Pettenbach (Austria), alt: 846m, lat: 47° 58~

e Living area: 250 m?

¢ annual heating demand 16.000 kWh/a (approximation for tender)

e annual DHW demand 3.407 kWh/a, design tapping temperature 50°C

HeatSOL / ASiC Page 2 of 5
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Figure 3: Single family house with heat pump unit and collector field

5 Monitoring Procedure and Results

The measurement equipment consists of a mobile data logger which was situated in the
central heating room. The data logger captures the values from 18 sensors (8 Pt 100 diving
temperature detectors, 1 electricity meter, 4 mechanical volume flow meters, 2 kombi
detectors for air temperature and humidity and a CM21 pyranometer). Calculated average
values are saved in 5 minute intervals from every sensor. The heat flows are calculated from
the average volume flows and average temperatures afterwards, and logged every 5 minutes
too. This calculation method allows capturing heat flows in both directions.

It was not possible to establish a remote data connection to the logger, so data transfer was
done by personal attendance in 2 week intervals. Therefore the period for detailed
measurement is restricted from 22.12.07 to 21.03.08.

The following examination results from the data logged from 22.12.07 to 16.02.08 (deep
winter):

System boundary heat pump: Heating energy (SH+ DHW) without solar assistance Qyp y =
5.288 kWh, electricity consumption for the heat pump P, pup = 2.028 kWh, results in a
performance factor of 2,6 (average ambient temperature -1,26°C, average supply
temperature 40°C). Heating energy (SH+ DHW) with solar assistance Qupy = 179 kWh,
electricity consumption for the heat pump P, ;p = 62 kWh , results in a performance factor of
2,9 (average ambient temperature 0,8°C, average supply temperature 40°C). In defrost
operation the heat pump used 554 kWh from the heat storages as heat source with
additional 129 kWh electricity for the compressor. It can be seen, that heat pump defrosting
operation is very energy intensive. In summary the measured values result in SPFyp oy =
2,2.

System boundary solar collector: Heating energy (SH+ DHW) from the solar collector to the
storage Qscy = 798 kWh, Energy for assisting the heat pump Qgc ¢ = 93 kWh.

System boundary back-up unit: Heating energy (SH+ DHW) from the backup oil burner to the
storage Qpy y = 207 kWh.
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Because of very low solar yields for supporting the heat pump, the energy balance for the
system boundary heat pump was monitored until 21.03.08 (springtime). Figure 4 shows the
energy flows from 22.12.07 to 21.03.08.

Figure 4: Thermal energy balance

Again for the system boundary heat pump, the measured values result in SPFyp  you = 2,0.

Further detailed analyses have been carried out:

Figure 3: left: COP against irradiance, right: COP against ambient temperature. One dot represents one heat
pump cycle. Blue dots: No solar assistance, red dots: Heat pump solar assisted. Defrosting operation included!

Figure 3 shows no important influence on the COP due to solar assistance.
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6 Simulation

No simulation has been realized for this system.
7 Economy, Ecology and Costs
No evaluation of economy, ecology and cost has been realized for this system.

8 Project Background

Monitoring was realized by ASiC, Austria Solar Innovation Center and funded by

9 Literature / Reports

H. Focke, H. Zannantoni, G. Steinmaurer: "Solarwarmepumpe - Erhdéhung der solaren
Deckung durch Systemkopplung”, 18. Symposium Thermische Solarenergie, Bad
Staffelstein, 23. - 25. April 2008, Germany
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1 Summary

Write a short summary of the basic characteristics of the monitored plant:

e 2009 erected exclusive single family house 300 m? with indoor pool, System Natur
Vollhybrid “GREEN TOWER?”, brine to water heat pump. Heat Source: Special shaped
unglazed “design” collectors and ground source heat exchanger, 500l storage, 3001 DHW
boiler

e Functions: DHW 2.500 kWh/a, space heating 15.000 kWh/a
¢ Monitoring period: 12.2009 — 03.2011

e Results: Fundamental improvement of control required, dimensioning of unglazed
collectors and ground source heat exchanger is critical factor for success, system
performance could not convince additional investment in unglazed collectors, company
out of business since 2013.

2 Description of System Concept

The system consist of special shaped solar collectors (Helios towers) and an electric driven
brine to water heat pump. The energy of the ground is extracted by heat exchangers in
boreholes. The special hydraulic distribution device routes the solar energy from the solar
collectors to the appropriate sink (hot water storage, boreholes or evaporator of the heat
pump). So the heat pump uses the ground and/ or the solar collectors as a heat source.

Further Information: See report market available system “green tower”

3 Technical Data

e Ground source heat pump installed indoor, heating power 9.7 kW, COP 4.45 (BO/W35,
EN14511)

e 5 special solar collectors (Helios) in shape of towers
e 500l storages for heating, 300l boiler for DHW
e 2 Backup heating rods

Figure 1: Energy flow chart
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4 Building Description

e Single-family house , 2 adults

e Year of construction: 2009, low energy house with heat-recovery ventilation
e Location Bergheim near Salzburg (Austria), alt: 435 m, lat: 47° 50'

e Living area: 300 m?, including indoor pool

¢ annual heating demand 15.000 kWh/a

¢ annual DHW demand 2.500 kWh/a, design tapping temperature 45°C

Figure 2: Single family hose with “helios” towers

5 Monitoring Procedure and Results

The measurement equipment consists of a mobile data logger which was situated in the
central heating room. The data logger captures the values from 5 sensors (3 Pt 100 diving
temperature detectors, 1 electricity meter, 1 mechanical volume flow meters). Calculated
average values are saved in 3 minute intervals from every sensor. The heat flows are
calculated from the average volume flows and average temperatures afterwards, and logged
every 3 minutes too. Measurement period: 12.2009 — 03.2011.

Data transfer was done by remote data connection, in 1 week interval. During November
2010 some improvements in control have been attempted. Uncertainties of results: Thermal
Energy and Performance factor: +-10%

The following examination results from the data logged from 02.2010 to 01.2011:

System boundary heat pump: Heating energy Qupsy = 11.693 kWh, Qup puw = 2.335 kWh
electricity consumption for the heat pump P, ;p = 2.028 kWh, In summary the measured
values result in SPFyp you = 2,7.
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Figure 3: Monthly SPF HP, HOM (left), DHW share (right)

Figure 4: Average brine inlet temperature (left), average HP flow temperature (right)

Figure 3 shows the monthly heating SPFs in the evaluated period and the related fraction for
DHW preparation.

Figure 4 shows the average brine inlet temperature to the heat pump evaporator and the
average flow temperature from the heat pump condenser to the storage. The single values of
the average brine inlet temperature are fluctuating strongly. The trend in the selected heating
period shows that dimensioning of heat source and solar collectors is unfitting. Solar ground
regeneration or direct solar storage heating operation could not be demonstrated
appreciable.

Electricity consumption of the direct electric back up system (heating rods) is quite high, but
consumption was not monitored in detail. Nevertheless heating operation costs for the whole
building are appropriate and not peculiar.
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6 Simulation

No simulation has been realized for this system.

7 Economy, Ecology and Costs

No evaluation of economy, ecology and cost has been realized for this system.

8 Project Background TBD

Monitoring was realized by ASiC, Austria Solar Innovation Center and funded by

9 Literature / Reports

No project-related publications or main reports outside Task 44.
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Hocheffiziente Kombination von Solarthermie- und Warmepumpen

1 Einleitung

Hybridsysteme basierend auf erneuerbaren Energietrdgern gewinnen im Bereich der
Warmeversorgung von Gebduden zunehmend an Bedeutung. Eine vielversprechende
Form von Hybridsystemen bildet die Kombination von Solarthermie und Warmepumpen
zur Versorgung von Warmwasser und Raumheizung. Einerseits kdénnen die Vorteile der
Kombination beider Technologien (z.B. hdhere aktive Solarertrage oder hdhere Sys-
temjahresarbeitszahlen) im Gesamtsystem zu einem deutlich reduzierten Primarenergie-
bedarf fihren. Andererseits bedeutet die Vielfalt der Kombinations- und Ausfiihrungs-
maoglichkeiten eine gesteigerte Systemkomplexitat, die vielfach sowohl eine detailliertere
Auseinandersetzung mit den Schnittstellen als auch Erfahrungswerte erfordert.

Abbildung 1: Solarthermische Kollektoren und AuBeneinheit einer Luft/Wasser-
Warmepumpe sowie Photovoltaikpaneele auf einem Flachdach eines Einfamilienhauses

In diesem Leitfaden sollen sowohl der aktuelle Stand der Technik als auch zukunftsfahige
Entwicklungen und Potenziale aufgezeigt werden. Die inhaltliche Basis stammt dabei aus
dem dreijahrigen nationalen Forschungsprojekt ,SolPumpEff - Hocheffiziente Kombination
von Solarthermie- und Warmepumpenanlagen™ im Rahmen des Forschungsprogramms
~Neue Energien 2020" des Klima- und Energiefonds.

Abbildung 2: Beispiel einer kombinierten Solar-Warmepumpenanlage mit einer
Sole/Wasser-Warmepumpe und einem Schichtladespeicher
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Hocheffiziente Kombination von Solarthermie- und Warmepumpen

2 Systemklassifikationen

Grundlegende Systemtypen

Im Rahmen einer Marktstudie wurden 2010/2011 Solar- und Warmepumpen-Systeme
von 88 Firmen in 11 teilnehmenden européischen Landern erfasst und klassifiziert'. Die
Systemkombinationen wurden in vier Hauptkategorien gegliedert: das ,parallele®, das
,serielle®, das ,regenerative™ und das ,komplexe™ Konzept.

Das parallele Konzept ist ein konventionelles Solar-Kombisystem, in dem die Solar-
kollektoren und die Warmepumpe getrennt voneinander in einen gemeinsamen Speicher
Energie liefern.

Anders als beim parallelen Konzept erzeugen beim seriellen Konzept die Solarkol-
lektoren zusatzlich Warme fir den Verdampfer der Warmepumpe. Die Kollektoren kénnen
hier auch die Rolle eines Umgebungsluftwarmetauschers (ibernehmen (unabgedeckte
oder hybride Kollektoren).

Im regenerativen Konzept liefern die Solarkollektoren im Sommer Warme an einen
Erdwarmetauscher und regenerieren somit das Erdreich. Es handelt sich hierbei aber
nicht um einen saisonalen Speicherprozess, die mittlere Langzeittemperatur des Erd-
reichs kann damit aber annahernd konstant gehalten werden, was von Vorteil fir die
Effizienz der Warmepumpe ist. Dies ist z.B. dann wichtig, wenn die vorhandenen
Bohrlécher nicht die notwendige Kapazitat aufweisen.

Komplexe Systemkonfigurationen sind eine Kombination der seriellen, parallelen
und/oder regenerativen Konzepte.

Die oben genannte Klassifikation ergibt die in Abbildung 3 gezeigte Aufteilung am Markt.
Das ,parallele® Konzept (P), dominiert klar mit 61 % Anteil. Solar - Warmepumpen-
systeme mit reinen ,seriellen™ (S) bzw. ,regenerativen™ (R) Konzepten werden mit 6 %
bzw. 1 % im Vergleich selten angeboten. Sehr beachtlich ist der Anteil an komplexen
Systemen mit Kombination aus parallelen, seriellen und/oder regenerativen Systemen,
der 33 % betragt.

Abbildung 3: Anteile der vier allgemeinen Systeme innerhalb
der Marktstudie (135 untersuchte Systeme)

! J6rn Ruschenburg and Sebastian Herkel; with contributions from W. Becke, M. D’Antoni, S. Eicher, K.
Ellehauge, H. Focke, M. Haller, M. Huber, I. Kati¢, A. Loose, I. Malenkovi¢, A. Thir and M. Vukits, A Review of
Market-Available Solar Thermal Heat Pump Systems, March 2013, IEA SHC T44A38
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Hocheffiziente Kombination von Solarthermie- und Warmepumpen

3 Kennzahlen zur energetischen Bewertung

Um die die verschiedenen Systeme untereinander vergleichen zu kdnnen, bedarf es eines
einheitlichen Bewertungssystems, weshalb energetische Kennzahlen definiert wurden. Bei
kombinierten WP- und Solarthermie-Systemen stellt die Systemjahresarbeitszahl SPF
eine wichtige Kennzahl dar. Diese berechnet sich aus dem Nutzwarmebedarf (Warmwas-
ser & Raumheizung) dividiert durch den Gesamtstromverbrauch der Anlage. Eine weitere
wichtige Kennzahl ist die Jahresarbeitszahl der Warmepumpe SPFyp, die sich aus der
Kondensator-seitig abgegebenen Warmemenge dividiert durch den Gesamtstromver-
brauch der WP (Kompressor, Regelung, AuBeneinheit bei der Luftwdarmepumpe, Sole-
pumpe bei der Erdreichwarmepumpe) berechnet. Flir die Bewertung der Systeme mit
Solaranlage wurde die Kennzahl des solaren Deckungsgrades gewdahlt. Im Folgenden
werden die genauen Definitionen der Kennzahlen und der verwendeten GréBen doku-
mentiert:

e Gesamtstromverbrauch der Anlage

Wel,tot = WelHPmt + Wel,E—Patrane + Wel,Pumpen + Wel,Regelung

» Arbeitszahl des Gesamtsystems

S _ Onutz _ QHeizung + Qww
PFSystem - w. - W,
el,tot el,tot

+ Arbeitszahl des Solar-Warmepumpensystems

+
SPFSWP — QKOI;II/I QAux
el,tot

» Jahresarbeitszahl der WP

QNutz

SPFsyswp =
elHPwt

e« SPF Warmepumpe

SPFWP — QKond

elHPwt

e SPF Solaranlage

SPF,, = Qkou

Wel,Solarpumpe
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e Solarer Deckungsgrad

SD=1-

QAux

QWW + QHeizung

« Spezifischer Kollektorertrag

_ Qkou

Akousgy,

ANetto

¢ Nachheizenergie

Quaux = Qkona *+ Wel,E—Patrone

ANetto---

QHeizung .

Qkoll---
Qkoll,sp---
Qkoll sw -

SPF...

WeIHPtot- .-

WeI,E»Patrone .-

WeI,Pumpe .

WeI,RegeIung- .

Absorberfldche (netto) Sonnenkollektor [m2]

Heizwdrmebedarf des Gebdudes [kWh/a]

Warmwasserbedarf [kWh/a]

Wéarmeertrag Sonnenkollektoren [kWh/a]

Kollektorertrag dem Speicher zugefiihrt [kWh/a]

Kollektorertrag der Warmepumpe (Verdampfer) zugefiihrt [kWh/a]
Jahresarbeitszahl (Seasonal performance factor) [-]

Elektr. Leistungsaufnahme Wadrmepumpe (Kompressor, Regelung,
AuBeneinheit) [kWh/a]

Elektr. Nachheizung durch E-Patrone [kWh/a]
Elektr. Leistungsaufnahme aller Pumpen [kWh/a]
Elektr. Leistungsaufnahme der Anlagenregelung [kWh/a]
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4 Monitoring an Feldtestanlagen

Flr die Feldtestreihe wurden 7 Anlagen (Systeme A-G) selektiert, die im realen Betrieb in
Ein- bzw. Zweifamilienhdusern im Einsatz sind - siehe Tabelle 1. Diese Feldtestanlagen
unterscheiden sich in der Art der Warmequelle - Luft bzw. Erdreich - und in der Art der
Integration der Solarenergie - parallel (konventionelles Kombisystem) oder integriert (die
Solarenergie wird nicht nur zur direkten Beladung eines Pufferspeichers sondern
zusatzlich als Warmequelle fir die Warmepumpe genutzt). Séamtliche Anlagen wurden mit
umfangreicher Messtechnik ausgestattet und einem Monitoring unterzogen. Neben der
Messung samtlicher thermischen Energiefliisse und den zugehoérigen Temperaturen,
wurden auch die Stromverbrauche aller wesentlichen Einzelverbraucher sowie Klimadaten

und Raumtemperaturen erfasst.

Tabelle 1: Systeme der Feldtestreihe mit den jeweiligen Kennzahlen

Axoll:

VSpeicher:

Axoll:

VSpeicher:

Axoll:
VSpeicher:

Axoll:

VSpeicher:

Axoll:
VSpeicher:

Axoll

VSpeicher:

Axoll
VSpeicher:

Ao Kollektoraperturflache

* Integriertes System: Solaranlage unterstitzt Verdampfer der Warmepumpe und liefert Energie an

Speicher

** Integriertes Kompaktsystem: Integriertes System, jedoch vorgefertigtes Kompaktgerat (Speicher,

WP-Pyom:

WP-Pyom:

WP-Pnom:

WP-Pyom:

WP-Pnom:

WP-Pyom:

WP-Pyom:

16 m2
1000 Liter
9 kWi

20 m2
1000 Liter
19 kW,

24 m2
1500 Liter
15 kW,
8 m2
800 Liter
19 kW,

15 m2
1000 Liter
8 kWi,

30 m2
2690 Liter
22 kWi,
15 m2
1000 Liter
9 kWy;,

62,5 I/m2

62,5 I/m2

62,5 l/m?

100 I/m2

66,7 1/m2

89,7 I/m2

66,7 1/m2

Warmepumpe, Hydraulik und Regelung in einem Gehause)

23.565 kWh/a

21.722 kWh/a

20.542 kWh/a

15.619 kWh/a

9.253 kWh/a

29.152 kWh/a

7.034 KWh/a****

*** Heizwarmeverbrauch inklusive Verteilverluste nach der Warmemengenzahlung, 2012

**** Heizwarmebedarf It. Energieausweis
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Hocheffiziente Kombination von Solarthermie- und Warmepumpen

4.1 Ergebnisse

Tabelle 2 enthalt die Kennzahlen der Systeme A bis F flir die Jahresperioden 2011 und
2012; fir System G steht keine gesamte Jahresperiode an Messdaten zur Verfiigung. Die
Ergebnisse zeigen, dass spezifische Kollektorertrage von durchwegs tber 400 kWh/m2a
bei solaren Deckungsgraden von bis zu 50% erzielt werden konnten. Der positive Einfluss
der thermischen Solaranlage auf das Gesamtsystem zeigt sich darin, dass die
Arbeitszahlen des Solar-Warmepumpen-Systems (SPFSWP) deutlich Gber der Arbeitszahl
der Warmepumpe (SPFWP) in der Bandbreite von 13 bis 65 % liegen. Die Ergebnisse der
Feldanlagen stellten sich als passabel heraus, wobei noch Verbesserungspotential nach
oben vorhanden ist.

Tabelle 2: Kennzahlen fiir Systeme A bis F von 2011 und 2012

Aol SD SPFwp
[kWh/m?a] [%)] -]
2011 2012 2011 2012 2011 2012 20842032 20112012
SystemA 4869 4359 211 22,5 2,79 2,33|i8i94 ISI00 | 56,09 50,11

System B 516,9 493,1 22,2 29,2 2,84 2,86----

System C 494,7 421,3 46,8 46,6 3,72
System D 312,8 243,1 13,7 10,2 2,54
SystemE 4124 351,9 51,5 39,0 1,27
System F  254,3 254,7 30,6 27,6 2,30

Zur quantitativen Bewertung des jeweiligen Anlagenverhaltens wurden Energie-
Temperatur-Diagramme erstellt, in welchen die Ubertragene Energie eines Hydraulik-
kreises nach Temperaturklassen (in 1 Grad Schritten) sortiert dargestellt ist. Die Flache
unter jeder Linie entspricht also der gesamten Ubertragenen Energie Gber den Betrach-
tungszeitraum. Somit ldsst sich auf einen Blick ersehen, bei welchen Temperaturniveaus
die Energie von der Warmepumpe bzw. der Solaranlage erzeugt wurde bzw. bei welchem
Temperaturniveau die Energie flir Heizung bzw. fir Warmwasser verbraucht wurde. Erste
Berichte (ber das qualitative und quantitative Betriebsverhalten der Systeme wurden
bereits in (Thir et al. 2012) und (Vukits et al. 2013) veréffentlicht.

4.2 Optimierungspotentiale

Aus der Analyse der Messdaten konnten zahlreiche Verbesserungspotentiale mit mehr
oder weniger gravierenden Auswirkungen erkannt und teilweise umgesetzt werden.
Zusammenfassend konnten die vier am haufigsten vorkommenden kritischen Punkte
detektiert werden:

+ Die sensible Reaktion der Warmepumpen auf kleinste Planungs- und Installations-
fehler (FUhlerpositionen, Speicheranschliisse, Schichtung, etc.) sowie die
hydraulische und regelungstechnische Integration der Speicher in das System
(WW-Modus, Solltemperaturen, Laufzeiten, etc.) zeigte groBe Auswirkungen auf
die Effizienz des Gesamtsystems.

« Die Speicher zeigten sich hier als zentrale Komponente, was auch die
Untersuchungen von (Haller et al. 2013) belegen. Angepasste Einstromge-
schwindigkeiten und klar definierte Temperaturzonen sind essentiell wichtig.

+ Die Effizienz (Arbeitszahlen) von Warmepumpen hangt grundsatzlich sehr stark
vom Temperaturhub zwischen Warmequelle und Warmesenke ab. Deshalb sollte

AEE - Institut flir Nachhaltige Technologien
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es das Ziel sein, mit der Warmepumpe so wenig wie moglich ,Ubertemperatur® zu
erzeugen, die dann durch Mischventile oder Mischungsvorgange im Speicher
wieder heruntergemischt wird — Exergieverluste.

e« Abgestimmte Systeme mit hohem Standardisierungs- und Vorfertigungsgrad
zeigen Vorteile hinsichtlich Systemeffizienz (Warmeverluste, Hydraulik, Regelung).
Ebenso wichtig ist der Einsatz von energieeffizienten elektrischen Antrieben und
deren sorgfaltige an das System angepasste Auslegung.

Beispielhaft werden bei System A (siehe Abbildung 4) die Auswirkungen der durchge-
fihrten OptimierungsmaBnahmen an Hand zweier Energie-Temperatur-Diagramme
dargestellt. In Abbildung 5 sind die Energien des Solar- (solar flow), des Warmepumpen-
(heat pump flow) und des FuBbodenheizungskreises (floor heating flow) nach der Héhe
der jeweiligen Vorlauftemperaturen dargestellt. Als Auswirkung der ersten Optimierung
ist erkennbar, dass der Kollektor, nach Anpassung der Regelung der Pumpe zwischen
Solaranlage und Verdampfer der Warmepumpe (solare Verdampferunterstiitzung),
bereits bei niedrigeren Temperaturen Energie produzierte und den Verdampfer somit mit
mehr Energie versorgt (grine Pfeile in Abbildung 5).

Abbildung 4: Hydraulikschema von System A

Durch die zweite Optimierung konnte eine ordnungsgemaBe Beladung des Speichers
durch die Warmepumpe erreicht werden. Die Warmepumpe hat den Speicher standig im
Warmwassermodus vom obersten bis zum untersten Speicheranschluss beladen, unab-
hangig davon, ob Warmwasser- oder Heizungsanforderung bestand. Somit wurde
Heizungsenergie flr die FuBbodenheizung (blauer Pfeil in Abbildung 5) im ineffizienten

AEE - Institut fir Nachhaltige Technologien
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Warmwassermodus erzeugt (roter Pfeil im linken Diagramm von Abbildung 5) sowie
Uberhdéhte Systemverluste produziert und die Speicherschichtung zerstért. Dariber
hinaus war die Umwalzpumpe zwischen Warmepumpe und Speicher permanent in
Betrieb, auch wenn die Warmepumpe nicht aktiv war. Durch die Beseitigung der Fehler -
die elektrischen Anschliisse der beiden Pumpen und der beiden Umschaltventile waren im
Regelungsschrank falsch angeschlossen — wurde erreicht, dass die von der Warmepumpe
bereitgestellte Energie in entsprechender Menge und auf entsprechendem Temperatur-
niveau der FuBbodenheizung erzeugt wurde (Abbildung 5, roter Pfeil im rechten Dia-
gramm).

Abbildung 5: Auswirkung der Optimierung an System A mittels Temperatur-Energie-
Diagrammen (Griner Pfeil: Vorlauf der solaren Verdampferunterstiitzung; Blauer Pfeil:
Vorlauf der FuBbodenheizung vor dem Mischventil; roter Pfeil: Warmepumpenvorlauf)

AEE - Institut fir Nachhaltige Technologien
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Hocheffiziente Kombination von Solarthermie- und Warmepumpen

5 Dynamische Anlagensimulationen

Basierend auf den Messdaten der Feldtestreihe wurden vom Institut fir Warmetechnik
Simulationsmodelle flr vielversprechende Konzepte entwickelt und validiert sowie darauf
aufbauend verschiedene Warmebereitstellungssysteme hinsichtlich ihrer energetischen
Effizienz durch dynamische Anlagensimulationen mit der Software TRNSYS verglichen.
Neben reinen parallelen Systemen wurden auch integrierte Systeme betrachtet. Als
Solar-Kollektoren wurden einerseits selektiv beschichtete, abgedeckte Flachkollektoren,
andererseits aber auch unabgedeckte, ebenfalls selektiv beschichtete, Kollektoren
angenommen.

Fir die Simulationen wurden die Randbedingungen des IEA SHC Task 44 verwendet
(Haller et al. 2013). Dabei erfolgt jeweils die Warmeversorgung flir Heizung und
Warmwasser eines Einfamilienhauses (SFH) in drei Varianten bzgl. des spezifischen
Heizwarmebedarfs (15, 45 und 100 kWh/m=2a). Bei SFH15 und SFH45 wird flr das
Heizungssystem eine FuBbodenheizung und fiir SFH100 eine Radiatorheizung verwendet.
Die Simulationen wurden flr das Klima Graz durchgefthrt.

5.1 Parallelbetrieb einer Luft- bzw. Erdreich-Warmepumpe mit
Solaranlage:

In Abbildung 6 ist die Einbindung einer Luftwarmepumpe fiir zwei unterschiedliche Vari-
anten dargestellt. Beim Schema in der linken Abbildung kann die vom Kondensator
abgegebene Warme der Luft-WP in den Pufferspeicher, aber auch zusatzlich direkt in das
Wadrmeabgabesystem, geliefert werden. Beim System rechts wird die WP nur zur
Beladung des Pufferspeichers (Warmwasser- und Heizungsvolumen) verwendet. Das
Wdrmeabgabesystem wird nur aus dem Pufferspeicher versorgt.

e
)
K
.0
©
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2
2
@
=
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o

Pufferspeicher

Abbildung 6: Links: Solaranlage & Luft-WP direkt;
Rechts: Solaranlage & Luft-WP indirekt

Die Simulationsergebnisse zeigten unter den dabei angenommenen Randbedingungen,
dass bei ,indirekter" Verschaltung - je nach Gebdudetyp und System, egal ob Luft- oder
Sole-Warmepumpe - der Gesamtstromaufwand um 0,2 bis 3,7 % hoher ist als bei der
»direkten™ Variante. Die Art der Einbindung der WP hat also keinen sehr groBen Einfluss
auf die Effizienz des Systems. Dies gilt allerdings nur unter der Voraussetzung einer
guten Temperatur-Schichtung und einer adédquaten Warmedammung des Speichers.

Die Luft-WP wurde so ausgelegt, dass die Heizleistung bei einer AuBenlufttemperatur von
2 °C und einer Heizwasserseitigen Austrittstemperatur von 35 °C erreicht wird. Da mit
sinkender Verdampfungstemperatur die Leistung der WP sinkt, ist bei den Luft-WP-

AEE - Institut flir Nachhaltige Technologien
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Systemen zusatzlich eine elektrische Nachheizung installiert, damit der Warmebedarf
abgedeckt werden kann (Bivalentes System). Diese wurde so dimensioniert, dass die
Leistung der E-Patrone der erforderlichen Heizlast inkl. der Warmwasserbereitung
entspricht. Bei dem untersuchten Solar-Kombisystem mit Sole-Warmepumpe dient ein
Erdreich-Flachkollektor als Warmequelle fir die Sole-Warmepumpe. Die Sole-WP wurde
so ausgelegt, sodass die jeweilige Heizleistung bei einer Soleeintrittstemperatur in den
Verdampfer der Warmepumpe von 0 °C und einer Kondensatoraustrittstemperatur von
35 °C erreicht wird. Exemplarisch ist in Abbildung 7 ein Solar Sole WP Kombisystem mit
direkter Heizungseinbindung dargestellt.

.
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[}
o
n
@
=
>
(oL

Abbildung 7: Anlagenschema einer Erdreich-WP

5.2 Unabgedeckter Kollektor als Warmequelle fiir die
Warmepumpe

In diesem System dient die thermische Solaranlage auch als Warmequelle fir die
Wdarmepumpe. Es wurden selektiv beschichtete, unabgedeckte Kollektoren verwendet.
Diese kdnnen in Verbindung mit einer Warmepumpe wie ein AuBenluftwarmetauscher
arbeiten, also der AuBenluft Warme entziehen, wenn keine oder nur wenig Solarstrahlung
zur Verfiigung steht. Die Kollektoren sind lUber einen Sole-Kreislauf mit dem Verdampfer
der Warmepumpe verbunden.

Pufferspeicher

Pufferspeicher
Pumpe,

Eisspeicher

Abbildung 8: unabgedeckter Kollektor als Abbildung 9: unabgedeckter Kollektor mit
Warmequelle flir die WP Eisspeichereinbindung
als Warmequelle flir die WP

AEE - Institut flir Nachhaltige Technologien
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In Abbildung 8 ist ein Hydraulikschema dieses Systems dargestellt. Im Solekreislauf vor
dem Verdampfer der Warmepumpe ist ein Mischventil eingebaut, welches eine Uber-
schreitung der maximalen Vorlauftemperatur zum Verdampfer (Einsatzgrenzen
Kompressor) verhindern soll. Die Auslegung der WP wurde gleich angenommen wie oben
flr die Sole-WP beschrieben, wobei ebenfalls eine E-Patrone im Speicher installiert ist.

Dieses System in Abbildung 9 unterscheidet sich zu vorigem dadurch, dass zusatzlich ein
Eisspeicher als Warmequelle fiir die Warmepumpe vorhanden ist. Hier ist es mdoglich,
dass durch die thermische Solaranlage der Pufferspeicher beladen wird und gleichzeitig
die Warmepumpe in Betrieb ist. Erfolgt eine Beladung des Eisspeichers und soll
gleichzeitig die Warmepumpe laufen, bedeutet dies, dass am Kollektor eine hdhere
Temperatur als im Eisspeicher verfligbar ist. In diesem Betriebszustand wird die Warme
der Solaranlage nicht zur Beladung des Eisspeichers sondern direkt zur Versorgung des
Verdampfers der Warmepumpe verwendet.

5.3 Solar-Einbindung am Verdampfer der WP

Diese Systemvariante ist grundsatzlich gleich aufgebaut wie die parallelen Systeme.
Zusatzlich ist aber die Nutzung von Solarwdarme am Verdampfer der Warmepumpe
maoglich. Dies passiert im System in Abbildung 10 Uber die Vorwarmung der dem
Verdampfer zugefiihrten AuBenluft. Ein Luftwarmetauscher ist dem eigentlichen Verdam-
pfer luftseitig vorgeschalten und an den Solekreis der Solaranlage angeschlossen. Damit
soll bei niedriger Einstrahlung eine Vorwarmung der AuBenluft und somit eine
Effizienzsteigerung durch eine Erhdéhung der Verdampfungstemperatur ermdglicht
werden.

2 5
.9 5
2 2
g g
[
, MM$@
Pumpe o4 4 4§ |
Abbildung 10: Luft WP mit solarer Abbildung 11: Luft-WP mit Einbindung der
Luftvorwarmung Solaranlage Uber einen zusatzlichen

Verdampfer

Die Regelung erfolgt Uber die Kollektortemperatur, wobei die Solaranlage im Vorrang den
Pufferspeicher belddt. Die Solaranlage besteht aus selektiv beschichteten, abgedeckten
Flachkollektoren. Der Betrieb der Verdampfer-Einbindung erfolgt nur dann, wenn die
Kollektortemperatur héher als die AuBenluft-Temperatur ist.

Im System in Abbildung 11 ist der Solekreis der Solaranlage direkt Gber einen
Plattenwarmetauscher in den Kaltemittelkreislauf der Warmepumpe eingebunden - der
AuBenluftverdampfer und der Verdampfer des Solarkreises sind in Serie geschalten. Der
solare Warmeeintrag bei niedriger Einstrahlung soll dabei eine Erhéhung der Verdampf-
ungstemperatur und damit eine Effizienzsteigerung bewirken.

AEE - Institut flir Nachhaltige Technologien
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Hocheffiziente Kombination von Solarthermie- und Warmepumpen

5.4 Simulationsergebnisse

Im Rahmen von ,SolPumpEff* wurden verschiedene Warmebereitstellungssysteme hin-
sichtlich ihrer energetischen und primdrenergetischen Effizienz miteinander verglichen.
Dabei wurden eine Luft-WP, eine Sole-WP, ein Holz-Pelletkessel und ein Gaskessel flr die
Warmebereitstellung verwendet. Diese Konzepte wurden jeweils mit und ohne
Solarthermie-Unterstiitzung betrachtet. Neben diesen reinen parallelen Systemen wurden
auch serielle Systeme untersucht, bei denen die Solarenergie zusatzlich als Warmequelle
fir die WP genutzt wird. Mit diesen Warmebereitstellungsanlagen erfolgt jeweils die
Heizwarme-Versorgung eines Einfamilienhauses (SFH) in drei Varianten bzgl. des
spezifischen Heizwarmebedarfs (15, 45 und 100 kWh/m2a) und die Warmwasser-
bereitung.

Die Simulationsergebnisse in Tabelle 3zeigen, dass beim Luft-WP-System (System 1) fir
das SFH45 Gebaude durch die Einbindung einer thermischen Solaranlage (14 m?2
Flachkollektoren, System 2) die Jahresarbeitszahl des gesamten Hybridsystems
(SPFsystem) Von 2,55 auf 3,66 erhdht wird. Der Gesamtstromverbrauch wird dadurch um
ca. 30 % gesenkt (von 3327 kWh/a auf 2321 kWh/a beim SFH45 Gebaude)

Bei den alternativen Systemkonzepten mit unabgedeckten Kollektoren konnte durch
die Einbindung des Eisspeichers (System 4) die Verdampfer-Eintrittstemperatur im Mittel
deutlich erhéht werden. Dadurch ist die Effizienz der Warmepumpe hoéher als ohne
Eisspeichereinbindung (System 3). Die Systemeffizienz steigt aber nur in relativ
geringem AusmaB, was darauf zurickzufihren ist, dass etwas weniger Solarwarme direkt
in den Pufferspeicher eingebracht wird. Die Simulationen ergeben, dass mit den
getroffenen Annahmen beim SFH45 mit ca. 15 m2 unabgedeckten Kollektoren die gleiche
System-Jahresarbeitszahl erreicht werden wie beim reinen Luft-WP-System. Um die
gleiche Effizienz wie beim Luft-WP-System mit 14 m2 Flachkollektoren (parallel) zu
erreichen, waren ca. 35 m2 an unabgedeckten Kollektoren notwendig.

Bei den alternativen Systemen mit solarer Luftvorwdarmung (System 5) bzw.
Integration der Solarenergie mittels eines zweiten Verdampfers in den Kaltemit-
telkreislauf zeigte sich, dass das Effizienzsteigerungs-Potential unter den angenommen
Randbedingungen sehr klein ist und den zusatzlichen Aufwand gegenlber einem rein
parallelen System kaum rechtfertigt. Die Simulationsergebnisse flir das System 5 (Luft-
WP mit Luftvorwarmung durch die Solaranlage) zeigen, dass unter den verwendeten
Randbedingungen durch die Luftvorwdrmung eine Verringerung des elektr.
Energiebedarfs W 1or gegeniiber der Variante mit reinem Parallelbetrieb (System 2) von
1-2 % erreicht werden kann. Die Verbesserung ergibt sich in erster Linie durch eine
etwas hohere Jahresarbeitszahl SPFyp, die durch die Luftvorwarmung zustande kommt.
Insgesamt lasst sich festhalten, dass das Effizienzsteigerungs-Potential dieses Systems
unter den angenommenen Randbedingungen klein ist. Beim System mit Integration der
Solarenergie mittels eines zweiten Verdampfers in den Kadltemittelkreislauf zeigen sich
ahnliche Ergebnisse.
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Tabelle 3: Simulationsergebnisse Gebdude SFH45

In Abbildung 12 wurden fir die Systeme 3 und 4 die Kollektorfldche und das Eisspeicher-
volumen variiert. Aus den Ergebnissen ist ersichtlich, dass bei einer Verdoppelung der
Kollektorflache bei System 3 (30 m2 unabgedeckte Kollektoren) die Systemeffizienz von
System 2 (14 m2 abgedeckte Kollektoren, Parallel-Betrieb) annahernd erreicht wird. Die
Einbindung eines zusatzlichen Eisspeichers bewirkt eine geringfligige Erhéhung der
Systemeffizienz, unter den angenommen Randbedingungen steht der zusatzliche
Mehraufwand jedoch nicht im Verhaltnis zur erzielten Effizienzsteigerung.

45 |

System

10 20 30 40 50
Kollektorfliche [m?]

Abbildung 12: SPFsystem abhangig von Kollektorflache und Eisspeicher-Volumen fir
System 3 & 4 im Vergleich zu System 1 & 2
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6 Okologische und 6konomische Bewertung

Die flir die Bewertung (Primarenergie, CO,-AusstoB und Warmegestehungskosten)
herangezogenen Systeme sind zum einen konventionelle Heizsysteme ohne Solarthermie
(Luft- und Erdreichwarmepumpe sowie Gas- und Pelletskessel) und zum anderen Solar-
Kombisysteme mit denselben Warmeerzeugern wie bei den Varianten ohne Solaranlage
(Tabelle 7 1). Des Weiteren werden alternative (hochintegrierte) Konzepte zur Koppelung
von Solaranlage und Warmepumpe betrachtet (Kapitel 6.4.7.2). Der Vergleich der
simulierten Systeme mit den Messanlagen rundet die 6kologische und 6konomische
Bewertung ab. Die Bewertung der Systeme wurde jeweils flir die Gebdudetypen SFH15,
SFH45 und SFH100 durchgefiihrt (vgl. Kapitel 6.4.1). Fir die gewahlten Systemkonfi-
gurationen ist zu erwahnen, dass die ,Konventionellen Heizsysteme" allesamt ohne
Solaranlage und mit einem 300 | Warmwasserspeicher ausgestattet sind und die ,Solar-
Kombisysteme" durchwegs mit einem Kollektorfeld von 14 m2 und einem Puffer-
speichervolumen von 1000 | gewahlt wurden (vergleiche Kapitel 6.4 Systemvergleich).
Bei diesen beiden Varianten - ,Konventionelle Heizsysteme" und ,Solar-Kombisysteme"
wurden diejenigen Varianten aus der Simulation herangezogen, in denen die
Raumheizung sowohl aus dem Pufferspeicher als auch direkt von der Warmepumpe
versorgt wird (,direkte Einbindung" vgl. Abschnitt 6.4.7). Bei den ,Alternativen
Konzepten" ist unter

+ Konzept I: unabgedeckter Kollektor ohne Eisspeicher

« Konzept II: unabgedeckter Kollektor mit Eisspeicher

+ Konzept III: Luft-WP mit Luftvorwdrmung durch die Solaranlage (keine
Drehzahlregelung, Strahlungs-Limit)

« Konzept IV: Luft-WP mit Einbindung der Solaranlage {ber einen zweiten
Verdampfer

zu verstehen - vergleiche Kapitel 6.4.6. Samtliche alternativen Konzepte beziehen sich
auf die Varianten ohne Drehzahlregelung des Warmepumpenkompressors mit Regelung
nach Strahlungslimit(vergleiche Kapitel 6.4.7.2.4 und 6.4.7.2.5). Folgende System-
konfigurationen wurden schlieBlich fliir die weiterfilhrenden Bewertungen herangezogen
und sind unabhangig vom Gebaudetyp in Tabelle 7 1 zusammengefasst.

Tabelle 4: Systemkonfigurationen ausgewahlter Varianten

Varianten System- Kollektor- Speicher- Eisspeicher
bezeichnungen fliche [m?] volumen [I] m
Luft WP 300
Konventionelle Sole WP 300
Heizsysteme Pellets 300
Gas 300
Luft WP & Solar 14 1000
Solar- Sole WP & Solar 14 1000
Kombisysteme Pellets & Solar 14 1000
Gas & Solar 14 1000
Konzept | 30 1000
Alternative Konzept Il 30 1000 1200
Konzepte Konzept I 14 1000
Konzept IV 14 1000
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Die fur die Berechnung herangezogenen Rahmenbedingungen sind im Endbericht des
Projektes ,SolPumpEff* beschrieben. In Abbildung 13, Abbildung 14 und Abbildung 15
sind der Primarenergieverbrauch, der CO,-AusstoB und die Warmegestehungskosten fir
die untersuchten Systeme der Gebaude mit 15, 45 und 100 kWh/m?2 Heizenergiebedarf
dargestellt.

6.1 Primarenergieverbrauch

Uber den Primérenergieverbrauch der Systeme kann zusammengefasst die Aussage
getatigt werden, dass die Systeme mit solarthermischer Anlage den konventionellen
Heizsystemen ohne Solaranlage primarenergetisch klar Uberlegen sind. Eine Ausnahme
stellen die Systeme mit Pelletskessel dar, welche durch den ginstigen fossilen
Primdrenergiefaktor flir Pellets auch ohne Solaranlage im Spitzenfeld liegt. Die Systeme
mit dem Gaskessel ohne Solaranlage stellen primarenergetisch die unginstigsten
Varianten dar, mit Solaranlage kann der Primdrenergieverbrauch der Gaskessel jedoch im
Rahmen gehalten werden. Die Sole-Warmepumpen - egal ob mit oder ohne
solarthermische Anlage - weisen gegenliber den Varianten mit Luft-Warmepumpe
primarenergetische Vorteile auf. Die ,hochintegrierten® alternativen Konzepte I bis IV
liegen primadrenergetisch durchwegs im Bereich der parallelen Warmepumpen-
kombisysteme. Im Vergleich zur Luft-WP & Solar zeigen die Konzepte
gebaudeunabhangig durchwegs positive Ergebnisse. Die Sole-Warmepumpe mit Solar
liegt primadrenergetisch immer etwas glnstiger als die alternativen Konzepte. Die
Ergebnisse der Feldtestanlagen sind grundsatzlich zufriedenstellend, wobei punktuell
noch Optimierungspotential besteht.

6.2 CO,-AusstoB

Hinsichtlich CO,-AusstoB schneidet bei den konventionellen Heizsystemen der Pellets-
kessel mit Deutlichkeit am besten ab, wohingegen der Gaskessel den hdchsten CO,-
AusstoB aufweist, die Luft- und Sole-Warmepumpen liegen dazwischen. Bei den konven-
tionellen Heizsystemen ohne Solaranlage weisen die Sole-Warmepumpen um 19 %
(SFH15), 21 % (SFH45) und 18 % (SFH100) niedrigere CO,-Emission als die Luft-War-
mepumpen auf. Bei den Solar-Kombisystemen haben die Sole-Warmepumpen um 27 %
(SFH15), 26 % (SFH45) und 18 % (SFH100) geringere CO,-AussttBe. Mit der ther-
mischen Solaranlage konnte eine deutliche Reduktion des CO,-AusstoBes der Systeme
erzielt werden. So betrdgt die Reduktion bei der Luft-Warmepumpe bei SFH15-Gebaude
durch die Solaranlage 60 %, beim SFH45-Gebdude 29 % und beim SFH100-Gebaude
20 %. Die alternativen Konzepte erzielen im Vergleich zur Luft-Warmepumpe mit Solar-
anlage bei SFH 15 und SFH 45 niedrigere CO,-AusstéBe. Beim SFH100-Gebaude liegen
die CO,-AusstoBe fir die Konzepte mit Luftvorwdarmung bzw. mit zwei Verdampfern Gber,
die Konzepte mit den unabgedeckten Kollektoren unter denen der Luft-Warmepumpe mit
Solaranlage.

6.3 Warmegestehungskosten

Bei Betrachtung der Warmegestehungskosten der simulierten Systeme wird sichtbar,
dass durch die hdheren Investitionskosten der Solaranlagen die gesamten Warme-
gestehungskosten der Solar-Kombisysteme geringfligig héher sind als die konven-
tionellen Heizsysteme. Es werden zwar die verbrauchsgebundenen Kosten gesenkt, aber
die Mehrkosten der Investition kompensiert werden - nicht zuletzt deshalb da in der
Berechnung keinerlei finanzielle Férderungen berlicksichtigt wurden. Der Unterschied
zwischen den Warmegestehungskosten der Systeme wird, sowohl mit als auch ohne
Solar, mit steigendem Heizenergiebedarf kleiner. Die Kosten betragen bei den
konventionellen Heizsystemen beim SFH15-Gebdaude 0,411 bis 0,689 €/kWhNutz, beim
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SFH45 0,278 bis 0,409 €/kWhNutz und bei SFH100 0,235 bis 0,271 €/kWhNutz. Bei den
Solar-Kombisystemen liegen die Kosten bei SFH15 zwischen 0,486 und 0,756
€/kWhNutz, bei SFH45 zwischen 0,305 und 0,426 €/kWhNutz und bei SFH100 liegt die
Bandbreite lediglich zwischen 0,248 und 0,286 €/kWhNutz. Aufgrund des vergleichsweise
hohen Heizenergiebedarfs des SFH100-Gebaudes und der verhdltnismaBig geringen
Investitionskosten sind die Warmegestehungskosten der einzelnen Systeme des SFH100-
Gebaudes niedriger als bei den SFH15- und SFH45-Varianten. Auch die Differenz von
Pellets- und Gaskessel zu den Warmepumpensystemen wird mit steigendem
Heizenergiebedarf minimiert bzw. eliminiert. Und zwar deshalb, da die handelsiiblichen
Pellets- und Gaskessel in der Lage sind, die Warmeleistung zu variieren und somit einen
groBen Leistungsbereich abdecken koénnen, spielt es bei der Betrachtung der
Investitionskosten (kapitalgebundene Kosten) keine wesentliche Rolle, welchen
Heizenergiebedarf das jeweilige betrachtete Gebaude aufweist. So hat der verwendete
Pelletskessel einen Leistungsbereich von 3,4 kWth bis maximal 13 kWth und kann damit
sowohl den Heizenergiebedarf des SFH15-, SFH45- und SFH100-Gebaudes decken.

Werden die alternativen Konzepte betrachtet, so kann festgestellt werden, dass diese bei
den jeweiligen Gebdudetypen auf ahnlichem Niveau liegen wie die konventionellen
Referenzsysteme und die Solar-Kombisysteme. Beim SFH15-Gebdude liegen die
Gesamtwarmegestehungskosten zwischen 0,491 und 0,589 €/kWhNutz, beim SFH45
zwischen 0,308 und 0,374 €/kWhNutz und bei SFH100 zwischen 0,251 und 0,281
€/kWhNutz. Das Konzept mit unabgedecktem Kollektor und Eisspeicher liegt gefolgt vom
Konzept ohne Eisspeicher hinsichtlich Warmegestehungskosten gleichauf mit dem
solarem Sole-Warmepumpen-System und ist sogar glnstiger als das solare Luft-
Warmepumpensystem. Die Konzepte mit abgedecktem Kollektor und Luftvorwarmung
sowie mit abgedecktem Kollektor und zweitem Verdampfer liegen hinsichtlich Kosten im
Bereich des Solar-Kombisystems mit Luftwarmepumpe.
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Abbildung 13: Primarenergieverbrauch der Systeme fir die Gebaude SFH15, 45 und 100
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Abbildung 14: CO,-AusstoB der Systeme flr die Gebaude SFH15, 45 und 100
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Abbildung 15: Warmegestehungskosten der Systeme fir die Gebaude SFH15, 45 und 100
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7 Zusammenfassung

Die Projektergebnisse von ,SolPumpEff* - Hocheffiziente Kombinationen von Solar-
thermie- und Warmepumpenanlagen - haben die grundsatzliche Sinnhaftigkeit (ener-
getisch, Kosten, etc.) der Kombination Solarthermie und Warmepumpe mit Potential fir
die Zukunft gezeigt. Als wichtige Erkenntnis aus den im Projekt durchgeflihrten Feldmes-
sungen und Simulationen lasst sich festhalten, dass — unabhangig von der Art der Sys-
temintegration (parallel, seriell oder integriert) — eine sorgfaltige Ausfihrung und Instal-
lation und eine gute regelungstechnische Einbindung bei solchen Anlagen essentiell fir
eine hohe Systemeffizienz sind. Die alternativen Systemkonzepte mit unabgedeckten
Kollektoren mit und ohne Eisspeicher haben Ergebnisse hervorgebracht, die diese
Technologie fir weiterflihrende Untersuchungen empfehlen.

Die im Rahmen der Feldtestreihe gewonnenen Erkenntnisse zeigen, dass Warmepumpen
sehr sensibel auch auf kleinste Planungs- und Installationsfehler (Fihlerpositionen, Spei-
cheranschlisse, Schichtung, etc.) als auch auf suboptimale Regelungseinstellungen (WW-
Modus, Solltemperaturen, Laufzeiten, etc.) reagieren. Die verwendeten Speicher zeigten
sich hier als zentrale Komponente. Hier besteht noch Forschungsbedarf, um die opti-
malen Speicherkonfigurationen (Anschlusshéhen, Positionierung der Regelungstem-
peraturfihler) flr die jeweiligen Systeme zu erarbeiten, was auch die Arbeiten von
(Haller, 2012) ergaben. Des Weiteren besteht erhebliches Verbesserungspotenzial im
Bereich der Systemeffizienz (Warmeverluste, elektrische Antriebe, Regelung, etc.) und
hinsichtlich dynamischer Leistungsregelung der Warmepumpenkompressoren — Drehzahl-
regelung bzw. Invertertechnologie. Abgestimmte Systemkonzepte mit optimal angepas-
sten Systemkomponenten und hohem Standardisierungs- und Vorfertigungsgrad (Plu&-
Play-Systeme) sowie die Realisierung einer witterungsgefiihrten Regelstrategie, ev. im
Verbund mit einem SmartGrid kdnnten hier zu erheblichen Primarenergieeinsparungen
fihren. Im Hinblick auf die Entwicklung im Gebaudesektor hin zu Niedrigenergie- bzw.
Passivhausstandards, wird die preisliche Entwicklung von Solar-Kombisystemen eine
wesentliche Rolle spielen, um dort eine Konkurrenz zu konventionellen Heizsystemen
darzustellen.

Ein einheitliches Bewertungsschema zur Beurteilung der Effizienz von Solarthermie- und
Warmepumpenkombinationen wirde die derzeitige undurchsichtige Situation fiir den
Endkunden verbessern. Verschiedenste Systemgrenzen und sich im Detailierungsgrad
deutlich unterscheidende Kennzahlen fiihren zu einer schwierigen Mdéglichkeit, die am
Markt angebotenen Systeme zu vergleichen. Ebenso wichtig ist die entsprechende
Mdglichkeit der einheitlichen Klassifizierung solcher Systemkonzepte hinsichtlich Vor-
gaben der europaischen Energieeffizienzrichtlinie, welche zukinftig auch fir Warmepum-
pensysteme gelten soll. Hierzu ware ein entsprechendes Bewertungskonzept zu de-
finieren.

Die Simulationen zeigen das deutliche Potential der unterschiedlichen hydraulischen
Schaltungen. Es konnten Stromeinsparungen von ca. 30 % durch die Kombination mit
Solaranlage erzielt werden. Die alternativen Konzepte, besonders die Varianten mit
unabgedecktem Kollektor stellten sich als interessante Kombination heraus. Diese
Kollektoren sind eine interessante Alternative zu konventionellen Luft-Warmetauschern
von Warmepumpen. Durch die Integration eines Eisspeichers ist eine zusatzliche Energie-
einsparung maoglich.

Ein weiterer interessanter Ansatz ist die Erweiterung von Solarthermie- und Warme-
pumpen-kombinationen mit der Komponente Photovoltaik bzw. sogenannten PVT
Kollektoren, die sowohl Strom als auch Warme erzeugen kénnen. Ebenso wichtig wird in
Zukunft die Thematik rund um das ,Smart Grid" sein, worin der Strom zeitlich variable
Preise haben wird und eine positivere Okobilanz des Stromnetzes erreicht werden kann.
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Solarthermie- und Warmepumpensysteme kodnnten hier eine interessante Alternative
darstellen und auch innerhalb dieser ,Smart Grids" hinsichtlich energetischer, &ko-
logischer und dkonomischer Kennzahlen gegeniiber konventionellen Heizsystemen effi-
zient betrieben werden.

Worauf auch ein Augenmerk gelegt werden sollte, ist die Tatsache, dass bei jeder
weiteren installierten Warmepumpe - sei es mit der Warmequelle Luft, Wasser oder
Erdreich - der Strom-bedarf aus dem Stromnetz gedeckt wird. Das 0sterreichische
Stromnetz steht aber jetzt schon im oberen Bereich seiner Kapazitdtsgrenze - ther-
mische Solaranlagen tragen hier ihren Teil dazu bei, den Stromaufwand von Warme-
pumpen deutlich zu reduzieren und helfen, das Stromnetz zu entlasten.
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8 Weiterfuhrende Information

Projektleitung “"SolPumpEff”’: AEE INTEC
Feldgasse 19, A-8200 Gleisdorf

Tel. +43 3112 5886-261

Fax +43 3112 5886-18

m.vukits@aee.at

IEA SHC Task 44
“Solar and Heat Pump Systems” des “Solar Heating and Cooling-Programs” der

Internationalen Energieagentur:
http://task44.iea-shc.org/
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9.2 AnhangB

9.2.1 Liste der analysierten Normen zur Leistungsbewertung

[1]

[3]

[10]

[11]

[12]

CEN (2011) EN 14511:2011 Air conditioners, liquid chilling packages and heat
pumps with electrically driven compressors for space heating and cooling. CEN,
Brussels, Belgium

CEN (2011) EN 15879-1:2011 Testing and rating of direct exchange ground coupled
heat pumps with electrically driven compressors for space heating and/or cooling.
Direct exchange-to-water heat pumps. CEN, Brussels, Belgium

CEN (2011) EN 16147:2011 Heat pumps with electrically driven compressors -
Testing and requirements for marking for domestic hot water units. CEN, Brussels,
Belgium

AHRI (1998) AHRI Standard 320-98 Water-Source Heat Pumps. AHRI, Arlington,
USA

AHR (1998) AHRI Standard 325-98 Ground Water-Source Heat Pumps. AHRI,
Arlington, USA

AHRI (1998) AHRI Standard 330-98 Ground Source Closed-Loop Heat Pumps.
AHRI, Arlington; USA

ISO (1998) ISO 13256-1:1998 Water-source heat pumps - Testing and rating for
performance, Part 1: Water-to-air and brine-to-air heat pumps. International
Organization for Standardisation, Geneva, Switzerland

ISO (1998) ISO 13256-2:1998 Water-source heat pumps - Testing and rating for
performance, Part 1: Water-to-water and brine-to-water heat pumps. International
Organization for Standardisation, Geneva, Switzerland

CEN (2011) EN14825:2011 Air conditioners, liquid chilling packages and heatpumps,
with electrically driven compressors, for space heating and cooling — Testing and
rating at part load conditions and calculation of seasonal performance, CEN, Brussels,
Belgium

ASHRAE (2010) ASHRAE 116 — 2010 Methods of Testing for Rating Seasonal
Efficiency of Unitary Air Conditioners and Heat Pumps. ASHRAE, Atlanta, USA

VDI (2003) VDI 4650-1: Calculation of heat pumps - Simplified method for the
calculation of the seasonal performance factor of heat pumps - Electric heat pumps for
space heating and domestic hot water. VDI, Diisseldorf, Germany

CEN (2008) EN15316-4-2:2008 Heating systems in buildings — Method for
calculation of system energy requirements and system efficiencies — Part 4-2: Space
heating generation systems, heat pump systems. CEN, Brussels, Belgium



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CEN (2006) EN 12975-1:2006 Thermal solar systems and components. Solar
collectors. Test methods. CEN, Brussels, Belgium

ISO (1995) ISO 9806-3 Test methods for solar collectors -- Part 3: Thermal
performance of unglazed liquid heating collectors (sensible heat transfer only)
including pressure drop. International Organization for Standardisation, Geneva,
Switzerland

ASHRAE (2010) ASHRAE 93-2010 Methods of Testing to Determine the Thermal
Performance of Solar Collectors. ASHRAE, Atlanta, USA

CEN (2012) EN 12976-2:2012 Thermal solar systems and components - Factory made
systems — Part 2: Test methods. CEN, Brussels, Belgium

CEN (2011-2012) EN 12977 Thermal solar systems and components. Custom built
systems, Parts 1-5. CEN, Brussels, Belgium

ISO (1993-2013) ISO 9459 Soalar heating — Domestic water heating systems, Parts 1,
2,4 and 5. International Organization for Standardisation, Geneva, Switzerland

CEN (2007) EN 16316-4-3 Heating systems in buildings. Method for calculation of
system energy requirements and system efficiencies. Heat generation systems, thermal
solar systems. CEN, Brussels, Belgium

ISO (1999) ISO 9488:1999 — Solar energy — Vocabulary. International Organization
for Standardisation, Geneva, Switzerland



9.2.2 Template zur einheitlichen Darstellung von Prifergebnissen
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Annex G to Report C3 of the
IEA SHC Task 44 /| HPP Annex 38

Summary reports for simulations with T44A38 boundary conditions

Date: 11 March 2014 — Final Draft




IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

Heat pumps with borehole heat exchangers in combination
with flat plate collectors

Summary written by:  Erik Bertram, 23th of October 2012
Original report/paper  (Bertram et al. 2013)
SPF in publication does not include controller energy

Goal or motivation of the simulation study

Comparison of typical side-by-side state-of the art heat pump systems with ground heat
exchanger assisted by a flat plate collector

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform (TRNSYS) Version 17.01.0025. From the
standard boundary conditions defined for the IEA T44/A38, the following were used for
these simulations:

Climate(s) Building(s)
X strasbourg [] SFH 15
[ Helsinki X] SFH 45
] Athens [] SFH 100
[] Davos

] Montreal

Type of system studied

Four different systems are examined. The letter code is applied in confirmation with (Frank et
al. 2010):

o REFERENCE Heat pump system with direct connection to a floor heating system and
a 150 | DHW storage. ZSHPS s

e SOLAR_DHW System is identical to REFERENCE but with 5 m? flat plate collector
connected to a DHW storage with a volume of 300 I. 52.SHPS o

e SOLAR_BUF_15 A Buffer storage with a volume of 800 | is connected in parallel to
the radiator. The buffer provides domestic hot water via a fresh water unit. The buffer

is supported by a 15 m2 flat plate collector. 32.SHPS su

e SOLAR_BUF_30 Identical to the system SOLAR_BUF 15, but with 30 m2 collector
area. SeLSHPS,
SKs' sKs,SH

Square views of the described systems are presented in figure 1.
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Figure 1: Square views of the investigated systems. Left: Systems REFERENCE (without
collector) and SOLAR_DHW and right: SOLAR_BUF for 15m2 and 30 m2 flat plate collector.

Methods and Models

The same TRNSYS simulation model consists of different system configurations. The model
allows switching between different hydraulics. This enables to simulate with high accuracy
and excellent repeatability. The presented results for all three systems are conducted for an
overall borehole heat exchanger length of 110 m.

Type 401 (Afjei & Wettter 1997) has been used as heat pump model. The applied model
parameters are derived from measurements at ISFH over an extended temperature range of
the evaporator temperatures according to the European standard EN 14511-3. The heat
pump has a coefficient of performance COP of 4.8 under nominal conditions of 0°C source
and 35°C sink temperature and a heating capacity of 7.8 kW. The heat pump was measured
from -5°C to 30°C for the evaporator inlet temperature and from 25°C to 45°C for the
condenser inlet temperature. The evaporator mass flow rate is 1900 kg/h and the condenser
mass flow rate is 900 kg/h. Further information is documented in (Parisch et al. 2012).

The simulations have been conducted with the collector type 832 of Perers and Haller
(2012). (The simulation results described in (Bertram et al. 2012) are conducted with
collector model type 301 (Isakson & Erikson 1994) showing equal results.) The collector
parameters were selected as: no= 0.8, a;= 3.5 W m?K™, a, = 0.05 W m?K?.

The storage for domestic hot water was simulated with type 340 (Drick 2006).

The borehole heat exchanger is modeled with type 557 (Hellstrom et al. 1981) using the
standard borehole parameters of Task 44/ Annex 38. Additionally, adiabatic pre-pipes have
been added before the borehole heat exchanger to improve its intransient performance
(Parisch et al. 2013).

The simulations have been conducted in 1 min time steps. The displayed results represent
values for the 2" year of operation. The convergence and integration criteria are set to
default values of 0.001.

Calculation of the electric pump and controller consumption

For the calculation of parasitic electric consumption for controllers and pumps three different
calculation methods are applied. The three methods are detailed, runtime calculation and
constant values.

Report C3 Annex G.1 09.12.2013 Page 2 of 9



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

As the most simple calculation method constant values are used. The method is used for
consumers that are not affected by the simulation. Values are displayed in table 2.

The second, more detailed method is used for pumps with constant mass flow rate. The
operation time of pumps is recorded in the simulations. Herewith, the consumption is
calculated together with the pressure drops shown in table 1.

As third method a detailed calculation is used for pumps with mass flow rate variation in the
course of the simulation. This only applies to the cold side of the heat pump. Here, the
pressure drop is calculated mass flow dependent within the simulation for every time step.

The detailed calculation of the pump consumption is conducted for pumps with variable
mass flow rate. The hydraulic power Py, represents the power to overcome the hydraulic
resistance for operation of the components: solar thermal collector, ground heat exchanger
or heat exchanger of the heat pump evaporator.

This calculation is performed within the simulation for every time step. The pressure drop is
determined with help of Eq. 1 and Eq. 2 (lhle et al. 2011, p.21 ff) applying the actual mass
flow rate for the operated components in the particular time step.

Phyd=V‘Ap=%'AP Eq.1
2 2. ,
Ap =R -1+ ¥ Apinstauiations = (L - a1 + X0 % Eqg. 2, with
V  Volume flow rate in m3/s
R Pressure drop per min Pa/m,
I Pipe length in m,
d Pipe diameter in m,
A The pipe friction (no unit),
¢ Resistance coefficient for installations (no unit),
v Fluid velocity in m/s,

p Density in kg/m3

The required ¢ values for the ground heat exchanger loop installations like valves, T-pieces
etc. are taken from (lhle et al. 2011) and sum up to 17 for all installations. The pressure
drops in the pipes of the borehole heat exchanger are calculated temperature and borehole
length dependent with type 586 (Thornton 2004), a model for piping network calculation, for
an ethylene-glycol water mixture of 30%. The  values for the collector loop and evaporator
heat exchangers loop are derived from assumptions for the typical pressure drop and fluid
velocities under nominal conditions. Installations are also included. From a typical collector
pressure drop of 70 mbar (Viessmann 2009, p.26) a ¢ value of 87.5 is derived for the
complete loop. For the evaporator heat exchanger a typical pressure drop of 100 mbar
derives to a ¢ value of 222.

The hydraulic energy Ep,, for the pump calculation is determined for the duration of the

simulation from the hydraulic power in each time step i with the duration t. Together with
the pump efficiency derives the overall energy consumption E,;:

E, = Enya _ YiPrya,i‘ti Eq. 3
Npump Npump
The pump efficiency n,ump is assumed to be 0.3 see for example (Kech 2002, p.80).
However, this leads to uncharacteristic low hydraulic powers especially for low flow rates.
Accordingly, these values are not realistic, because the pump efficiency also decreases
rapidly for low flow rates. In addition, standby consumption has to be respected. To ensure
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more realistic calculations a minimum value of 10 W for the hydraulic power is used for the
calculation, even if lower hydraulic powers have been calculated.

The runtime calculation of the pump consumption is applied for pumps with constant
mass flow rates. Consequently, the overall energy consumption E,; is also calculated with
help of Eq. 2 and Eq. 3, but with a constant pressure drop. Table 1 displays the calculated or
otherwise assumed pressure drops. Corresponding to the detailed calculation an average
minimum hydraulic power is defined reflecting low efficiencies at low flow rates for the pump.
This value is set to 10 W. For the control unit a central controller unit is assumed that has
system independent consumption.

Table 1 Pressure drops of pumps for runtime calculation

Pump Pre_ssure Reference/ Remarks
drop in mbar
Collector 300 (Baur 2007)
Buffer loading 50 Assumption, minimum is set to 12.8 kWh/a see Table

2 lading DHW storage

Table 2 Constant consumption data used for SPF calculation

Consumer Consumption

Pump or Controller in kWh/a Reference/ Remarks

Heat distribution for

. 70 (STIWA 2007)
space heating

Calculation from runtime: 320 h, exemplary pump

Fresh water unit 40 power 80 W and standby 1.5 W

Loading DHW Only for direct floor heating systems, calculation from
12.8 .

storage runtime 320 h, exemplary pump power 40 W

Central controller 100 Estimated from measured data of

unit (Miara et al. 2011, p.104)

Results & Conclusion

Four different systems have been simulated. The REFERNCE system consists of a heat
pump with borehole heat exchanger without solar collector. This system achieves SPFyys, of
3.5. The second system SOLAR_DHW of with 5 m? flat plate collector for domestic hot water
support achieves a SPF of 4.5. The systems including a solar supported buffer storage
SOLAR_BUF_15 and SOLAR_BUF_30 reach a SPFg. of 5.5 for 15 m? and 6.2 for 30 m2.
From the detailed results some conclusions are derived:

e With high solar thermal fraction SPF+ above 6 can be reached. However, an SPF+
above 6 is certainly not economic as with the increase from 15 m2 to 30 m2 collector
just 180 kWh a™ of electricity is saved. This equals 12 kWh a® m™ collector area.
Whereas, the domestic hot water system saves roughly 100 kWh a™ m™ collector
area.

e The solar yield is not the appropriate value to assess the impact of the solar collector.
In summer the collector yield clearly exceeds the overall consumption due to
immense storage losses. The effect increases for bigger storages and large collector
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= Electricity to HP m Electricity to Hot Backups -2500

areas, which lead to higher storage temperatures especially during the summer
period.

The parasitic consumers play a lesser role in conventional systems. Nonetheless, in
combination with higher SPF values their influence increases. For the given examples
the fraction of parasitic consumers of the overall electricity consumption rises from
11% to 17%. To conclude, parasitic consumers become more significant and
influencing especially in high performance solar heat pump systems.

The parasitic consumers are calculated under moderate assumptions and therefore
represent a well-planned, lean and up-to-date system. For instance the installation of
a second central control that “just” controls the solar thermal collector, can easily add
100 kWh to the overall consumption. For system SOLAR_BUF_30 this would
represents 7% of the overall consumption. The same applies for standby
consumption or pump efficiency, oversizing pumps etc.. This should be kept in mind
for using the results in other context or designing systems.

Total el. consumption: 2425 kWh/a Monthly energy balance [kWh]
2% 2500
2000 -
1500 -
1000 -

500 = Heat from ground

0 - Heat for space heating
u Heat for DHW
500 +—— 1 ——————" " mHeat from collector

-1000 | 1
-1500 -
-2000

19 9%
1%

ici istri ici A A QA
u Electricity to Pump Heat Distrib. = Electricity to Pump DHW & S QLK 5\5%5\3\100(3 SSE

m Electricity to Space heat penalty = Electricity to DHW penalty

Electricity to Pump Solar Electricity to Controller

Figure 2a: Total electric consumption per year and monthly energy balance for system REFERENCE.

Total el. consumption: 1903 kWh/a

Monthly energy balance [kWh]

2500
2000
Inputs
1500 -
Solar Collectors to DHW
1000 - Storage
500 - = Ground to HP
0 4
m Heat Pump Compressor
-500 |- = p=omp
-1000 +— — B space heat
-1500 +——— B
uDHW
= Electricity to HP = Electricity to Hot Backups -2000
= Electricity to Pump Heat Distrib. = Electricity to Pump DHW -2500 7
® Electricity to Space heat penalty ~ m Electricity to DHW penalty NI S S> S8 S &
Electricity to Pump Solar Electricity to Controller *ofé\\ FEFLEL Y P& ES

Electricity to Pump Heat Pump

Figure 2b:Total electric consumption per year and monthly energy balance for system Solar_DHW.
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Total el. consumption: 1573 kWh/a

u Electricity to HP
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H Electricity to Space heat penalty

u Electricity to Pump Solar
Electricity to Pump Heat Pump

= Electricity to Hot Backups

= Electricity to Pump loading buffer
= Electricity to DHW penalty

= Electricity to Controller

Monthly energy balance [kWh]

2500
2000
Inputs
1500
Solar Collectors to Buffer
1000 4 storage
500 H m Ground to HP
0 4
500 «I» = Heat Pump Compressor
-1000 = space heat
-1500 i
-2000 = DHW
-2500 ——
e @ % > § A0
*Q ¥ “’@ S s° ? YL

Figure 2c:Total electric consumption per year and monthly energy balance for system Solar_ BUF_15.

Total el. consumption: 1394 kWh/a
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Figure 2d: Total electric consumption per year and monthly energy balance for system Solar_BUF_30.
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Overall system performance table

Solar- Solar-
No Solar SOI?#HW Buffer- Buffer-
15 m? 30 m?

Penalty Check

o
=
o
=
@]
=

not more than 2% respective O.K.

Electric energy table
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Thermal energy table

SOLAR SOLAR SOLAR
REFERENCE — “ppw ~ BUF_15 BUF_30

Heat from solar thermal collectors 0.0 2020 4451 5533
Heat from ground heat exchanger 7166 5967 5137 4563
TOTAL Thermal Energy Input 7166 7987 9588 10096
HP at condenser 9353 7607 6440 5689
HeaF from storage and heat pump to 6518 6521 6575 6575
Radiator
Heat from storage to DHW Distribution 2078 2082 2085 2086
TOTAL Thermal Energy Output 8596 8603 8660 8661
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Heat pumps with borehole heat exchangers in combination
with unglazed collectors and glycol storages

Summary written by:  Erik Bertram, 16th of July 2012
Original report/paper

Goal or motivation of the simulation study

Reducing the size of the ground heat exchanger using an unglazed solar collector as
additional or only heat source.

Climate, heat load and simulation platform

The simulations have been carried out with the reference boundary conditions of the IEA
SHC Task 44 / Annex 38 (T44A38) on the platform (TRNSYS) Version 17.01.0025. From
the standard boundary conditions defined for the IEA T44/A38, the following were used for
these simulations:

Climate(s) Building(s)
X Strasbourg [0 SFH 15
[ Helsinki [X] SFH 45
[] Athens [1 SFH 100
] Davos

] Montreal

Type of system studied

Six different systems are examined. The letter code is applied in confirmation with (Frank,
Haller, Herkel, and Ruschenberg, 2010):

REFERENCE Heat pump system with direct connection to a floor heating system
and a 150 | DHW storage and a ground heat exchanger (GHX) of 110 m length.
“SHPgyssu

REG_GHXlong System is identical to REFERENCE but with 15 m2 non-selective
conventional unglazed collector that can be operated in series to the GHX and
regenerates the ground during summer. The solar collector is not operated below
absorber temperatures of 0°C. ;3SHPS sy

REG_GHXshort System is identical to REG_GHXlong but with a reduced ground

heat exchanger length of 90 m. G%"gSHRg{f_‘ng

REG_GHXglycstor Identical to the system REG_GHXlong and REG_GHXshort, but
with a glycol storage of 1 m3 connected to the ground heat exchanger and the solar
collector. 3%SHPSYS o

Mono_UCsel Mono energetic system with 30 m? selective collector and a glycol
storage of 5 m3. The solar collector is not operated below absorber temperatures of
0°C. The lower operating temperature limit for the glycol storage is -10°C. Its upper
operation temperature limit is 35°C. $¢LSHPSYS o
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e Mono_UCsel_freeze Identical to the system Mono_UCsel, but with no frost
protection for the operation of the 30m? selective uncovered collector
area. S0LSHPSES sn

Square views of the described systems are presented in figure 1.
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Figure 1: Square views of the investigated systems. Top, left: System REFERENCE without collector
and REG_GHX_short/long with solar regeneration and top right REG_GHXglycstor with additional
glycol storage, bottom: mono-source system with 5 m2 glycol storage.

Methods and Models

The same TRNSYS simulation model consists of different system configurations. The model
allows switching between different hydraulics. This enables to simulate with high accuracy
and excellent repeatability.

Type 401 (Afjei and Wettter, 1997) has been used as heat pump model. The applied model
parameters are derived from measurements at ISFH over an extended temperature range of
the evaporator temperatures according to the European standard EN 14511-3. The heat
pump has a coefficient of performance COP of 4.8 under nominal conditions of 0°C source
and 35°C sink temperature and a heating capacity of 7.8 kW. The heat pump was measured
from -5°C to 30°C for the evaporator inlet temperature and from 25°C to 45°C for the
condenser inlet temperature. The evaporator mass flow rate is 1900 kg/h and the condenser
mass flow rate is 900 kg/h. Further information is documented in (Parisch, Warmuth,
Bertram, and Tepe, 2012).
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The simulations have been conducted with the collector type 203 for uncovered thermal and
PVT collectors (Stegmann, Bertram, Rockendorf, and JanRen, 2011). The collector
parameters for the non-selective uncovered collector represent a conventional swimming
pool collector and are derived from average values of 6 measured collectors (Rockendorf,
Sillmann, Bethe, and Kdéln, 2001). The performance values according to EN 12975-2 were
selected as presented in Table 1.

Table 1 Performance values of unglazed collectors

No b, by b,
in - in s/m in W/m2K in J/m3K
Non-selective uncovered collector 0.858 0.023 13.91 3.52
Selective absorber 0.943 0.017 9.15 4.42

The storage for domestic hot water and the glycol storage were simulated with type 340
(Drick, 2006). The glycol storage is not modeled as a buried cistern, but as an insulated
tank. Its ambient temperature is set to 15°C. The insulation thickness is 0.15 m and the heat
conductivity is 0.04 W/mK. Accordingly, the additional gains from the ambient are
underestimated compared to a ground buried cistern without insulation.

The borehole heat exchanger is modeled with type 557 (Hellstrom, Claesson, Eftring,
Johansson, Mazzarella, and Pahud, 1981) using the standard borehole parameters of
Task 44/ Annex 38. Additionally, adiabatic pre-pipes have been added before the borehole
heat exchanger to improve its dynamic model quality (Parisch, Mercker, Oberdorfer, Tepe,
and Rockendorf, 2013).

The simulations have been conducted in 1 min time steps. The displayed results represent
values for the 2" year of operation. The convergence and integration criteria are set to
default values of 0.001.

Calculation of the electric pump and controller consumption

For the calculation of parasitic electric consumption for controllers and pumps three different
calculation methods are applied. The three methods are detailed, runtime calculation and
constant values.

As the most simple calculation method constant values are used. The method is used for
consumers that are not affected by the simulation. Values are displayed in table 3.

The second, more detailed method is used for pumps with constant mass flow rate. The
operation time of pumps is recorded in the simulations. Herewith, the consumption is
calculated together with the pressure drops shown in table 2.

As third method a detailed calculation is used for pumps with variable mass flow rate in the
course of the simulation. This only applies to the cold side of the heat pump. Here, the
pressure drop is calculated mass flow rate dependent within the simulation for every time
step (1 minute).

The detailed calculation of the pump consumption is conducted for pumps with variable
mass flow rate. The hydraulic power Py, represents the power to overcome the hydraulic
resistance for operation of the components: solar thermal collector, ground heat exchanger
or heat exchanger of the heat pump evaporator.
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This calculation is performed within the simulation for every time step. The pressure drop is
determined with help of Eq. 1 and Eq. 2 (lhle, Bader, and Golla, 2011, p. 21 ff) applying the
actual mass flow rate for the operated components in the particular time step.

Phyd=V‘Ap=%'AP Eq.1
2 2, .
Ap =R -1+ ¥ Apinstauiations = (L - a1 + X0 % Eqg. 2, with
vV Volume flow rate in m3/s
R Pressure drop per m in Pa/m,
I Pipe length in m,
d Pipe diameter in m,
A The pipe friction (no unit),
¢ Resistance coefficient for installations (no unit),
v Fluid velocity in m/s,

p Density in kg/m3

The required ¢ values for the ground heat exchanger loop installations like valves, T-pieces
etc. are taken from (lhle, Bader, and Golla, 2011) and sum up to 17 for all installations. The
pressure drops in the pipes of the borehole heat exchanger are calculated temperature and
borehole length dependent with type 586 (Thornton, 2004), a model for piping network
calculation, for an ethylene-glycol water mixture of 30%. The  values for the collector loop
and evaporator heat exchangers loop are derived from assumptions for the typical pressure
drop and fluid velocities under nominal conditions. Installations are also included. From a
typical collector pressure drop of 70 mbar (Viessmann, 2009, p. 26) a { value of 87.5 is
derived for the complete loop. For the evaporator heat exchanger a typical pressure drop of
100 mbar derives to a ¢ value of 222.

The hydraulic energy Ep,, for the pump calculation is determined for the duration of the

simulation from the hydraulic power in each time step i with the duration t. Together with
the pump efficiency derives the overall energy consumption E,;:

Enyd _ XiPhyd,iti
E, = Zhyd _ ZiPryditi Eq. 3
Npump Npump

The pump efficiency npump is assumed to be 0.3 see for example (Kech, 2002, p. 80).
However, this leads to uncharacteristic low hydraulic powers especially for low flow rates.
Accordingly, these values are not realistic, because the pump efficiency also decreases
rapidly for low flow rates. In addition, standby consumption has to be respected. To ensure
more realistic calculations a minimum value of 10 W for the hydraulic power is used for the
calculation, even if lower hydraulic powers have been calculated.

The runtime calculation of the pump consumption is applied for pumps with constant
mass flow rates. Consequently, the overall energy consumption E,; is also calculated with
help of Eq. 2 and Eq. 3, but with a constant pressure drop. Table 2 displays the calculated or
otherwise assumed pressure drops. For the control unit a central controller unit is assumed
that has system independent consumption. The constant consumption values are presented
in table 3.
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Table 2 Pressure drops of pumps for runtime calculation

Pressure drop in

Pump Reference/ Remarks
mbar
C_ol_lector loop (Collector, 300 (Baur, 2007)
piping system, HX)
Cold Storage loop 130 Heat pump evaporator (Stiebel, 2010, p.

187) + hydraulic junction (Strawa, 2013)

Table 3 Constant consumption data used for SPF calculation

Consumer Consumption

Pump or Controller in kWh/a Reference/ Remarks

Heat distribution for

g 70 (STIWA, 2007)
space heating

Loading DHW Calculation from runtime 320 h, exemplary pump
12.8

storage power 40 W

Central controller 100 Estimated from measured data of

unit (Miara, Gunter, Oltersdorf, and Wapler, 2011, p. 104)

Results & Conclusion

Six different systems have been simulated. The heat load represents a typical new building
in central Europe. The REFERENCE system consists of a heat pump with borehole heat
exchanger without solar collector. This system achieves SPFgyp, of 3.5 with 110 m ground
heat exchanger.

The three system configurations allow reducing the ground heat exchanger without
performance decrease. With 15 m? cost effective, non-selective unglazed collector, which
supports the heat source side of the heat pump and regenerates the ground. In a first step
the additional collector is the only change in the system. In a next step the ground heat
exchanger is reduced from 110 m to 90 m. To finish, the ground heat exchanger is further
reduced to 70 m if 1 m3 glycol storage is added on the cold side of the heat pump. All three
systems achieve a nearly identical system performance between 3.44 and 3.55.

A comparable performance of 3.2 is achieved for the system without any ground heat
exchanger, 5 m? glycol storage and 30 m? selective uncovered collector. The same system
but with allowed collector operation in frost range even achieves the best performance of
3.58 and therewith highlights the importance of the temperature set to the operation of the
components.

From the results some further conclusions are derived:

e The unglazed collector does not significantly improve the SPF in combination with a
single ground heat exchanger. Accordingly, for a single family house the combination
iIs not recommended in most applications. However, this recommendation applies
only for single ground heat exchangers with comparable load profiles. Other
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configurations of ground heat exchangers and even many single ground heat
exchangers together as in a district heating area are clearly excluded.

e The temperature level of the ground is slightly increased by the collector, which
allows the reduction of the ground heat exchanger without significant additional
consumption.

o A further reduction for the ground heat exchanger at the same performance is
achieved in combination with 1 m3 glycol storage, which additionally reduces the
temperature peaks at the ground heat exchanger inlet.

e All systems have a similar performance, but their electric load profile changes
significantly. Especially the electrical winter load changed by operation of the electric
back-up heater. Related to the reference case without solar the January electrical
load is increased by 90% for MONO_UCsel and by 19% for the REG_GHXglcstor
system. Assessing the systems these values play a key role for a future regenerative

energy supply.
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Seasonal energy flow rates
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Monthly energy balance in kWh
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Figure 1 System REFERENCE with no solar collector and 110 m ground heat exchanger

REG_GHXlong
Monthly energy balance in kWh
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Figure 2 System REG_GHXlong with solar ground regeneration and 110 m GHX

2500

REG_GHXshort
Monthly energy balance in kWh
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m Heat uncovered collector
Heat ground
m Elec. HP compressor
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® Heat for space heating
® Heat for DHW
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Figure 3 System REG_GHXlong with solar ground regeneration and 90 m GHX
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REG_GHXglycstor
Monthly energy balance in kWh

m Heat uncovered collector

Heat ground
m Elec. HP compressor

m Elec. hot backup

r Heat to ground for regeneration

= Heat for space heating

m Heat for DHW

Figure 4 System REG_GHXglycstor with glycol storage and 70 m GHX (with regeneration)
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Monthly energy balance in kWh
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Figure 5 System REG_GHXglycstor with 5 m2 glycol storage and 30 m2 selective uncovered collector.

Mono_UCsel_freeze
Monthly energy balance [kWh]
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Figure 6 Figure 5 System REG_GHXglycstor with 5 m3 glycol storage and 30 m? selective uncovered
collector, for which frost operation is allowed.
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Overall system performance table
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Strasbourg - SFH045: Total useful heat 8599 kWh/m?
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Electric energy table

(]
- N
g g
o t ] _ a
] 5 < > ] ]
°c £ £ g & &
E I I I Dl Dl
& o o o o o
TH O O O g g
Electric Energy values in kWh/a E E E E s s
Electricity to HP compressor 2189 2127 2144 2082 1726 1811
Electricity to Hot Backups 0 0 34 107 737 345
Pump GHX 53 53 53 53 0 0
Pump from cold storage to evaporator 0 0 0 25 24 25
Pump solar 0 33 26 17 14 16
Pump space heating 70 70 70 70 70 70
Pump DHW storage charging 13 13 13 13 13 13
Controller 100 100 100 100 100 100
Penalty space heating and DHW 30 28 30 29 22 21
Total 2454 2424 2469 2496 2705 2400
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Thermal energy table
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14 (14 (14 (14 = =

Thermal Energy values in kWh/a
Heat from ground heat exchanger 7166 1351 1213 7231 - -
Yield from unglazed collector 5819 5895 6730 7893 8198

DHW storage = = = = 894 894
HP at condenser 9353 9352 9319 9249 7778 8171
Heat from heat pump to radiator 6518 6517 6517 6517 6516 6516
Heat from storage to DHW distribution 2078 2079 2078 2079 2083 2083
TOTAL Thermal Energy Output 8596 8595 8596 8596 8599 8599
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System evaluation of combined solar & heat pump systems

Summary written by:  Ralf Dott, October 24, 2013
Original paper Dott R. & Afjei T., 2013, System evaluation of combined solar &
heat pump systems, Cisbat Conference 2013, Lausanne, CH

Goal or motivation of the simulation study

Aim of the paper is a juxtaposition of heat generation systems that use the roof as part of
the building envelope to generate energy from solar irradiation or ambient heat in
combination with a heat pump and to show their individual characteristics and respective
strength and weaknesses.

Climate, heat load and simulation platform

The simulations have been carried out on the platform Polysun Version 5.9.6.16241. A
platform intercomparison check has been performed by Zimmermann & Haller 2012, who
also supplied the corresponding load files for Polysun. Therein, the DHW tapping is identical
with the T44/A38 standard except the 55 °C tapping which is also drawn at 45 °C. From the
standard boundary conditions defined for the IEA T44/A38, the following were used for
these simulations:

Climate(s) Building(s)
X strasbourg X SFH 15
[ Helsinki [X] SFH 45
[ Athens [X] SFH 100
[] Davos

] Montreal

Type of systems studied

SYS1 SYS 2 SYS 3 SYS 4 SYS 5 SYS 6
PYSHPGE | SUNSHPLE | SUSHPE | SOdisSHPSE | SeneSHPSS | srsesSHPSE
50m°y | 8m°sc/ 42m°py|  50m°sc 50m°pyt 50m°sa 50m°sa

PV — Photovoltaic; SC — covered Solar Collector; PVT — Photovoltaic-Thermal absorber; SA — uncovered Solar Absorber

For hydraulic flow charts please have a look at the original paper.

Methods

The system evaluation is conducted as simulation study based on actually best available
technologies, where the direct and indirect use of solar irradiation for heat generation as well
as photovoltaic (PV) to produce electricity are considered. Direct use of solar heat means
here the direct supply of heat at the required temperature for the heat demand to the combi-
storage; indirect use means the use of solar irradiation as heat source for the heat pump.
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Results

Figure 1 shows the energetic evaluation results of the six systems for the building SFH15 on
Minergie-P / passive house level; Figure 2 for the building SFH45 on new standard buildings
level and Figure 3 for the building SFH100 an older existing building. Systems with a low
share of directly solar thermal generated heat, where the heat comes mainly from the heat
pump (systems 1, 4 & 5), come with the lowest quantity of generated heat. On the other way
around, a high share of directly solar thermal generated heat leads to high heat losses, for
the SFH15 building nearly doubling the demand. This effect decreases with higher heat
demands and leads for the SFH45 to an increase of 47% and for the SFH100 of 24%. This
high quantity of generated heat for high solar thermal shares effects on the other hand the
electricity demand only in a smaller degree because of the high efficiency of directly solar
thermal heat generation. This leads to the smallest total electricity consumption for the
systems 3 and 6 (in Figurel to 3 the sum of PV self-usage and grid electricity consumption).
In contrast to this the systems with mainly heat pump heat generation (1, 4 & 5) result in the
highest total electricity consumption due to their compared to solar heat lower efficiencies.

25000 -
share of directly useful solar thermal heat:
0% 47% 91% 22% 23% 80%
20000
15'000
10'000
a
T
= - - =
5000 |- __ }+—+ +—F4—F—F 30— F 4
0 - o]
-5'000 @ ® @
PV SC+PV SC PVT SA (non-sel.) SA (sel.)
AW-HP ANV-HP AW-HP B/W-HP B/W-HP B/W-HP
Bgenerated heat surplus PV &PV self usage Bgrid electricity consumption

Figure 1: Results of the system comparison for the building SFH15

Bgenerated heat
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share of directly useful solar thermal heat:
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10'000 - =
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PV SC+PV sC PVT SA (non-sel.) SA (sel.)
A/W-HP A/W-HP A/W-HP B/W-HP B/W-HP B/W-HP

surplus PV BEPV self usage Bgrid electricity consumption

Figure 2: Results of the system comparison for the building SFH45
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Figure 3: Results of the system comparison for the building SFH100

Considering the grid electricity consumption, where the self-generated and -used electricity
from PV is yet subtracted, this result in a differing assessment of the systems, using the
assumption of a restricted roof area. In systems 3, 5 and 6 the roof area is already
completely covered with thermal collectors and hence no PV generator could be realised —
so all electricity consumption comes from the grid. In systems 1, 2 and 4 a PV system can
generate electricity at least partly in the roof area. This PV electricity is in this study primarily
used for the heat generation system. The remaining electricity demand is then taken from the
grid.

Table 1 summarises the relevant results for the electricity discussion of all three buildings
and six heat generation systems with the following four resulting values:

the ratio of generated heat in relation to the heat demand

the surplus PV electricity that could not be used for the heat generation
the total electricity consumption of the heat generation systems

the electricity consumption from the grid

Comparing the grid electricity consumption of one building standard instead of the total
electricity consumption it can be seen that, with the assumption / the aim of an as far as
possible daily use of the PV electricity in the heat generation system, the grid electricity
consumption could be reduced significantly. For the systems 1 and 2 with pure heat pump
heat generation or a small solar thermal share, the grid electricity consumption could be
reduced by two thirds. A combined heat and electricity generation with PVT collectors as
heat source for the heat pump (system 4) reduces the grid electricity consumption to the
level of a highly efficient solar thermal heat generation with seasonal heat storage as in
system 3. Beyond that system 4 delivers surplus PV electricity in summer time.
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building
SFH15 SFH45 SFH100
heat generation
123% 5'452 kWh 113% 4'980 kWh 108% 4'342 kWh
HP + PV 1= . . . .
1'888 kWh| 590 kWh| 3'224 kWh| 1'454 kWh| 5'958 kwh| 3'550 kwh
145% 5'021 kWh 123% 4'626 kWh 112% 4'042 kWh
HP+PV+SCsmall 1217 0 - \whl 584 kwh| 2'541 kwh| 1464 kwh| 5202 kwh| 3'541 kwh
i 194% 0 kWh 147% 0 kWwh 124% 0 kWwh
HP + SC-big 31" 300kwh| 309kwh| 860kwh| 860kwh| 2'951 kwh| 2'951 kwh
i 130% 6'545 kWh 116% 6'120 kWh 108% 5'350 kWwh
HP with PVT as source | 4170 7 \whl 362 kwh| 2'068 kwh| 886 kwh| 4'695 kwh| 27730 kwh
legend:
generated heat / demand surplus PV
electricity consumption grid electricity

HP = heat pump; PV = photovoltaics; SC = solar thermal collector; PVT = photovoltaic-thermal collector;
SFH = single family house;
The difference between the total electricity consumption and the electricity from net is met by self-
generated PV electricity.

Table 1 System simulation results for the three building types and six heat generation systems

Figures 4 to 6 show the annual devolution of the remaining grid electricity consumption of
systems SYS1 to SYS4 with an additional system SYSO, which uses an air-to-water heat
pump without solar technology as baseline comparison. The remaining grid electricity
consumption is calculated on the basis of daily energy balances.

Figure 4: Annual devolution of the remaining grid electricity consumption for SFH15
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Figure 5: Annual devolution of the remaining grid electricity consumption for SFH45

Figure 6: Annual devolution of the remaining grid electricity consumption for SFH100
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Conclusion

A parallel heat generation with solar thermal collectors and a heat pump, both working on a
combi-storage or buffer-storage for space heating and domestic hot water preparation, could
reduce the electricity demand with increasing solar thermal heat share and be a robust
solution if some rules like storage stratification or small temperature lift for the heat pump are
respected. A combination of heat pump and photovoltaic represents a technically simple and
flexible solution that could reduce the grid electricity consumption to a level slightly higher
than a seasonal solar thermal heat storage system if an improved control strategy for high
PV self-usage is used and furthermore supplies surplus PV electricity. A further developed
and optimised combination of heat pump and PVT-collector as source for the heat pump
delivers the highest specific energetic collector yield and is able to reduce the grid electricity
consumption to the level of a seasonal solar thermal heat storage system with additional
surplus PV electricity.
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Heat pump systems with uncovered selective collectors in
combination with a small ice storage

Summary written by:  Igor Mojic, 06.08.2013

Original report/paper  The system has been described in Mojic et al. (2013). Heat pump
systems with uncovered and free ventilated covered collectors as
only heat source. In: SHC 2013 conference proceedings.
However, the original publication used a different DHW load
and different climates (EU project MacSheep instead of Task 44)
and therefore it has been simulated again with the Task 44 DHW
load and climate for this Task contribution summary.

Goal or motivation of the simulation study

In the past years the research and development activities for heat pumps in combination
with solar thermal collectors for preparation of domestic hot water and space heating were
increasing. In most of these systems the collectors are used as a direct heat source for the
load-side storage and thus only if the irradiation is high enough to reach the temperature
level that is needed to increase the temperature of this storage. In this work it was analyzed
how low irradiation and the ambient can be used also as heat source. Therefore, the
simulation results of a solar heat pump system (SHP) which uses only a small ice storage
and selective unglazed collectors as heat source for the heat pump were shown in this
summary.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform TRNSYS Version 17.01.0016. A platform
intercomparison check has been performed (Mojic 2013). From the standard boundary
conditions defined for the IEA T44/A38, the following were used for these simulations:

Climate(s) Building(s)
X Strasbourg [0 SFH 15
[ Helsinki X] SFH 45
[ Athens [ SFH 100
[] Davos

] Montreal

Type of system studied

Sol, Air S,srS
skS,srS,HP SHPskS,SH
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Figure 1: Schematic overview of the hydraulic of the unglazed SHP ice storage system.

Figure 2: Energy flow chart of the unglazed SHP ice storage system.

Methods

Table 1 shows the most important components with their main parameters. The simulated
heat pump is a measured HP from a manufacturer, but for these simulations the compressor
type was exchanged in order to meet better the needs of a system with a low temperature
heat source.

In these simulations two effects on the collector yield are not taken into account. Firstly, the
forming of ice when condensation occurs by low ambient temperatures is not simulated.
Secondly, the behavior and energy gain when the collectors are covered by snow while the
heat pump is running.

High efficiency pumps were only assumed for the space heating distribution and the heat
delivery pump on the HP side. The collector and ice storage pump were assumed as
standard pumps.
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Table 1: Main components of the simulation deck with their main parameters

Component TRNSYS Type Description / Parameters
18 m?® unglazed collector with condensation
Collector Type 202 gains, slope 45°, orientation south, a; = 9
Bertram et al. (2010) W/m’K, &, = 0 W/m*K? no= 0.954 (Energie
Solaire SA")
Storage Type 1924 750 Liter storage with internal solar heat
Haller et al. (2013) exchanger (U, = 1125 kJ/(hm*K))
Type 843 400 Liter ice storage with coiled heat
Ice storage exchanger (20 mm diameter, 30 mm pipe to
Lerch et al. (2012) pipe distance), minimum temperature -20 °C
Type 805
External heat P Without heat losses (U = 19200 kJ/(hK)).
exchanger (DHW)  Haller et al. (2006)
Type 877 Brine source HP with ca. 8kW power (COP
Heat pump ] BO/W35 = 4.65), optimized for low source
Heinz et al. (2012) temperatures, variable speed compressor

Results & Conclusion

The maximum deviation of the monthly space heat load between simulation and reference
(T44A38) was always below 1% of the mean monthly space heat load value for the simulated
boundary conditions. Also the maximum deviation of the monthly domestic hot water load
between simulation and reference (T44A38) was always below 1%.

Figure 3 shows the simulation results for the unglazed SHP system with 18 m? collector area
and 400 liter ice storage. The system performs with a SPFsupspen Of 3.39 and a total
electricity consumption of 2511 kWh/a.

Total el. consumption: 2511 kWh/a

1% 30 4% 2% Monthly energy balance [kWh]

0%
0

4000
3000
2000
m El. Heater
1000 - DHW
0 - uHP Compressor
1000 = Space Heat
m Solar to Storage
-2000 — —
m Heat Pump m Backup Heating = Solar to HP
) ) -3000 — = Solar to PCM
= Pump Space Heating ® Penalty Space Heating
-4000
= Penalty DHW = Pump Solar O e e e A S o R A AL
FFELEFEFLIVYIFIPLEF
Controller Solar Pump Ice Storage A%

Figure 3: Total electric consumption per year and monthly energy balance for the SHP ice storage system.

! Swiss manufacturer of unglazed selective collectors, also participant of IEA Task 44 / Annex 38
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The monthly energy balance in Figure 3 shows that from June to September the whole
energy demand can be covered by the collectors, even if they are unglazed collectors. For
January, February and December the heat pump system cannot deliver enough energy to
the system because of the limited source temperature of the collector and ice storage. For
this reason the electric backup heater was switched on, with an annual electricity
consumption ratio of 3% of the total electricity demand.
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Figure 4: Influence of the collector area and the ice storage volume on the SPF for Strasbourg SFH045.

In Figure 4 the influence of the collector area and the ice storage volume is shown for
Strasbourg SFH045. For these kind of systems it can be seen that depending on the system
configuration an optimal collector field size can be found. Further, one can see that with
increasing collector area the effect of the ice storage on the SPF decreases. To have a
reasonable comparison and analysis of this unglazed SHP system two further systems are
simulated and compared, the results are shown in Figure 5. Sys With Ice is the main SHP
system with results already shown in Figure 3, Sys No Ice is almost the same only with the
difference that no ice storage is used and the collector area is increased to 22 m®. Sys Ref is
a standard air source heat pump with 10 m? covered standard collectors which are only
parallel used. All three systems are designed to have nearly the same costs. Sys Ref is also
a system which is sold on the markets and represents a state of the art solar heat pump
system.

Table 2: Key parameter overview of the three systems which are compared with each other in Figure 5.

System Collector area Collector type Ice storage volume
With ice storage 18 m? Unglazed 400 liter
Without ice storage 22 m? Unglazed -
Reference 10 m? Glazed (standard) -
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Figure 5: Comparison of results from different system variants under the same boundary conditions (climate, heat
load, dhw).

The system without ice storage has the lowest electricity demand what leads also to a higher
SPF compared to the other two systems. The main reason for this higher performance is the
lower electricity demand of the HP. What leads to the conclusion that a system without an ice
storage but instead with higher collector area can work better as a system with a 400 liter ice
storage, considering the limitations of the simulation. One of the main limitations is that snow
layers on the collector are not accounted, what could mean that the system without ice
storage, compared with the system with an ice storage, is overestimated. However, these
two alternative systems can perform better than a common SHP system which uses covered
collectors parallel to the HP. Therefore - in some cases - the air source heat pump can be
substituted by these two alternatives to avoid for example noise emissions of the air heat
exchanger.

Table 3: Heat pump performance figures for different working points.

Air Source Brine Source
Working point

Brine or Air T/ Water T

Heat COP  Heat distribution  COP

distribution
2°C/35°C 8.5 kw 3.26 - 5.03
7°C/35°C 12.5 kW 3.40 - -
-5°C/35°C - - - 4.08
0°C/55°C - - - 2.67
10°C/ 35°C - - - 6.33
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overall system performance table

Sys With Ice Sys No Ice Sys Ref

Penalty Check

not more than 2% respective O.K. 0.K 0.K
electric energy table [kWh/a]
Sys Withlce  Sys No Ice Sys Ref

thermal energy table [kWh/a]
Sys WithIce  Sys No Ice Sys Ref

Solar Coll. to Prim. Storage (Ice Storage) _—_

Solar Coll. to HP S Asu s27 -
Solar Coll. to Sec. Storage _—_
El. Backup Heater to Sec. Storage _—

TOTAL Thermal Energy Input 7935 8017 9885

TOTAL Thermal Energy Out 7369 8648 8657
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Simulation results from the national Austrian project
SolPumpEff. Evaluation of combined solar thermal heat
pump systems.

Summary written by:  Werner Lerch, Andreas Heinz, 18.01.2014

Original report/paper Lerch W., Heinz A., Heimrath R., 2013, Evaluation of combined
solar thermal heat pump systems using dynamic system
simulations, SciVerse ScienceDirect, SHC Conference 2013,
Freiburg, plus additional simulations for Task 44 / Annex 38.

Introduction

This part shows results from the Austrian project “Highly efficient combinations of solar
thermal and heat pump systems (SolPumpEff)”. In this project different configurations of
solar and heat pump systems were analyzed and compared through dynamic system
simulations in TRNSYS. In the investigated systems solar thermal energy can be used on
one hand directly to charge the buffer storage and on the other hand as heat source for the
evaporator of the heat pump (HP). Systems, in which solar heat is only used directly
(parallel operation of solar and HP), and systems using the collectors also as a heat source
for the HP are analyzed and compared to conventional air HP systems. Glazed and
unglazed collectors are considered for the solar thermal system.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform TRNSYS Version V17.01.0025. From the
standard boundary conditions defined for the IEA T44/A38, the following were used for
these simulations:

Climate(s) Building(s)
X Strasbourg X SFH 15
[ Helsinki [X] SFH 45
[ Athens [X] SFH 100
X Davos

] Montreal

Report C3 — Annex G.5 11.03.2014 Page 1 of 22



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

Solar thermal and heat pump systems

System A: HPZ[ sn

Figure 2 shows the hydraulic layout of system A, which is an air HP system without any solar
thermal system. The HP provides heat to the buffer storage but also directly to the heating
system of the building. The buffer storage is divided into a domestic hot water (DHW) and a
space heating (SH) volume. As backup an electrical heater is placed in the buffer storage
(space heat volume), which provides heat at times when the performance of the HP is not
sufficient to cover the heating demand. For the dimensioning of the HP the heat load of the
building (ambient temperature: Strasbourg -12 °C; Davos -18 °C) increased by 0.5 kW was
used, which is to be covered by the HP at the operation point A2W35 for the climate
Strasbourg (Davos A-7W35). In this system without solar collectors the buffer storage has a
volume of 0.3 m3. The domestic hot water (DHW) preparation takes place via an external
heat exchanger.

»
T
z
o
Ef

I:] e

System A —— Driving Energy
ater

(=]
Figure 1: Energy flow diagram System A Figure 2: Hydraulic scheme System A

System B: SKSSHP s sy

Sun Air
|

Flat-plate
Collector

o
S
e
3o
= 2

EERE
(=]

System B —— Driving Energy
er

Figure 3: Energy flow diagram System B Figure 4: Hydraulic scheme System B
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In system B a solar system is installed in a parallel way, whereby 14 m2 covered, selectively
coated collectors are used, the buffer storage volume is increased to 1 m3. The hydraulic
layout of system B is shown in Figure 4. The solar loop is integrated via an external plate
heat exchanger and solar energy is only used to charge the buffer storage. As main energy
source an air HP system is installed (dimensioning like in system A).

. SolAir S
System C: sks HpPSHPsks su

As shown in Figure 6, in system C unglazed selectively coated collectors (30 m2 collector
area) are used as the only heat source for the HP. Solar heat can either be used to charge
the buffer storage or as heat source for the HP, a simultaneous operation is not possible.

Sun ‘
l cw ';#'

Unglazed

_________

Collector

.

{HP

Electr.
heater

ol

__________________

System C : 3;::-:[9 Energy
Figure 5: Energy flow diagram System C Figure 6: Hydraulic scheme System C
. Sol Air S,srS
SyStem D: skS,er,HPS HP skS,SH

System D is similar to system C with the difference of an additional ice storage (0.6 m3)
(Figure 8), which is used as source for the evaporator of the HP. The buffer storage (water
storage) is charged with priority. If the HP is operated and the solar thermal system supplies
energy to the ice storage at the same time, then energy for the evaporator of the HP comes
directly from the solar thermal system. In this case higher source temperatures can be
achieved at the evaporator of the HP.

Sun

Unglazed = — — — = — = — — =
Collector — — — 1

Heat
Pump

Electr.

iy
[E=]

System D —— Driving Energy

Figure 7: Energy flow diagram System D Figure 8: Hydraulic scheme System D
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. Sol S, Air
System E: sksaPSHP g oy

Figure 10 shows a solar air HP system, in which solar heat is used to charge the buffer
storage on the one hand, and to preheat the temperature of the air entering the outdoor unit
of the air HP on the other hand. For the solar system 14 m2 glazed selectively coated
collectors are used. If the HP has to provide heat and the collector temperature level is
higher than the temperature of the ambient air, but lower than the temperature of the buffer
store, then solar heat is used to preheat the ambient air. For this purpose a brine/air heat
exchanger, which is connected to the solar loop, is installed in front of the evaporator.

Sun Air
| LI
l T
Flat-plate
Collector

.

Electr.
heater

gl

__________________

| M=

System E - D’:":f Energy fod

Figure 9: Energy flow diagram System E Figure 10: Hydraulic scheme System E

. Sol S, Air
System F: sks,iPSHP i s

Also in system F solar heat is used to achieve higher evaporation temperatures (Figure 12).
The difference to system E is that the heat exchanger is directly integrated into the
refrigerant cycle of the HP after the air source evaporator (in refrigerant flow direction). Solar
heat supply to the evaporator is activated in the same way as in system E. Also here 14 m2
glazed selectively coated collectors are used.

Sun Air

|
!

Flat-plate

Collector

Electr.
heater l

ol

System F —— Driving Energy
— Water
— — » Brine
<-sss2-3 Refrigerant

Figure 11: Energy flow diagram System E Figure 12: Hydraulic scheme System E
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System G:

Ground
HP skS,SH

Figure 14 shows the hydraulic layout of system G, which is a ground source HP system
(horizontal ground heat exchanger) without any solar thermal system. For the dimensioning
of the HP — as for the air source systems - the heat load of the building (ambient
temperature: Strasbourg -12 °C, Davos -18 °C) increased by 0.5 kW was used, which is in
this case to be covered by the HP at the operation point BOW35. In this system without solar

collectors the buffer storage has a volume of 0.3 m3.

ol

System G

|

Figure 13: Energy flow diagram System G

System H:

Sol Ground
skSS HP skS,SH

Figure 14: Hydraulic scheme System G

System H is a ground source HP (horizontal ground heat exchanger) with a solar system
installed in a parallel way, whereby 14 m2 covered, selectively coated collectors are used, the
buffer storage volume is increased to 1 m3. The hydraulic layout of system H is shown in
Figure 16. The solar loop is integrated via an external plate heat exchanger and solar energy
is only used to charge the buffer storage. As main energy source a ground HP system is
installed (dimensioning like in system G).

Sun

Ground

|

Collector

ol

[

System H
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Figure 15: Energy flow diagram System H

Figure 16: Hydraulic scheme System H
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Simulation Models

The dynamic system simulations have been performed using the software TRNSYS. The
most important component models (types), which were used in these simulations, are listed

in the Table below.

Type Number

Description

Description / Parameters

Type 877

Type 832

Type 203

Type 340

Type 843

Type 56

Type 362

Heat Pump Model

Collector Model
(glazed)

Collector Model
(unglazed)

Storage Model

Ice Storage Model

Building Model

Radiator Model

Air/Brine HP, power:
Climate Strasbourg: SFH15:
2.83 kW, SFH45: 5.80 kW,
SFH100: 10.04 kW;
Climate Davos: SFH15: 4 kW,
SFH45: 8 kW, SFH100: 12 kw;
(COP at A2/W35 = 3.99, COP at
BO/W35 = 4.25)

Model glazed collector; a; = 3,5
W/(m2K), a; = 0,015 W/(m2K2), n,
=0.8

Model unglazed PVT collector
with condensation; a; = 9
W/(m2K), a; = 0 W/(m2K2), n, =
0.954
Buffer storage; volume: with solar
1 m3, without solar 0,3 m3

Ice storage: internal heat
exchanger (pipe diameter 20 mm,
distance between pipes 50 mm

Standard Type

SFH15 & SFH45: Flow-/Return
Flow Temperature = 35/30 °C,
SFH100: Flow-/Return Flow
Temperature = 55/45 °C

Results & Conclusion (Climate Strasbourg)

In Figure 17 — Figure 24 the results for the considered systems for the climate Strasbourg for
the SFH45 are shown, including the electricity consumption of the complete heat preparation
and distribution and also the monthly heat balances. The simulation results are also
summarized in the tables at the end of this section concerning the overall system

performance, electric energy and thermal energy.
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Total el. consumption: 2898 kWh/a Monthly energy balance [kWh]
0%.3% 100 405 2500
[ 2000 Electric Heater
1500 m Solar HP
1000 Solar ice store
500 Solar buffer store
0 = Heat Pump Compressor
-500 )
m Air to HP
-1000 o
utputs
1500 p mLosses
m Heat Pump Compressor B Heat Pump outdoor unit -2000 =DHW
= Pump Space Heat 5 Pump DHW
= Penalty Space Heat = Penalty DHW -2500 . ‘% - e S < NS mspace heat
Pump Solar Controller N T LS FLE S«
Pump HP Electric Heater A@tb& YIS VS Y Y ooS9

Figure 17: Total electric consumption per year and monthly energy balance for system A, Climate Strasbourg,
SFH45

In Figure 17 the simulation results for system A are shown. The total electricity consumption
of the air HP system amounts 2898 kWh/a (86 % compressor, 4 % electric heater, 4 %
outdoor unit). In system A only the air HP and electric heater delivers energy to the system.
In the right figure of Figure 17 the monthly energy balances are shown. On the Input side the
energy of the air which is used at evaporator of the HP and electricity consumption of the
electric heater are shown, on the output side the DHW and the space heat demand and also
the heat losses. With system A a SPFsyp pen Of 2.94 is reached.

Total el. consumption: 2085 kWh/a Monthly energy balance [kWh]
0%, 4% 1% 2500
2000 Electric Heater
1500 m Solar HP
1000 Solar ice store
500 Solar buffer store
0 m Heat Pump Compressor
-500 )
u Air to HP
-1000
1500 Outputs = Losses
m Heat Pump Compressor ®Heat Pump outdoor unit -2000 = DHW
= Pump Space Heat = Pump DHW
= Penalty Space Heat = Penalty DHW -2500 m space heat
Pump Solar Controller
Pump HP Electric Heater @

Figure 18: Total electric consumption per year and monthly energy balance for system B, Climate Strasbourg,
SFH45

The comparison of system A and B shows that by integration of a solar thermal system (14
m?) the SPFsuppen Can be increased from 2.94 to 4.09. The total electricity consumption of
the system is reduced by about 28 %. SPFp is reduced, as the solar collectors are providing
heat at times, when the HP would otherwise be operated with a high efficiency. However,
SPFshppen is the more important figure from an overall system point of view.
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Total el. consumption: 2208 kWh/a Monthly energy balance [kWh]
4% 1%
0% 2500
Electric Heater
2000
1% 0%
1500 = Solar HP
1000 Solar ice store
500 Solar buffer store
0 ® Heat Pump Compressor
-500 .
u Air to HP
-1000 Outout
utputs m Losses

-1500

= Heat Pump Compressor ®Heat Pump outdoor unit -2000 5 DHW

= Pump Space Heat ® Pump DHW

m Penalty Space Heat ® Penalty DHW -2500 — ‘* — ‘& ‘A —— mspace heat

Pump Solar Controller OFTRLLEFSTIELL S
Pump HP Electric Heater AQ?? R R

Figure 19: Total electric consumption per year and monthly energy balance for system C, Climate Strasbourg,
SFH45

The simulation results for system C are shown in Figure 19. From May to September most of
the heat demand of the system can be covered by the solar collectors. With a collector area
of 30 m2 unglazed selectively coated collectors a SPFgyp pen Of 3.86 and a SPFyp of 3.75 is
achieved. Compared to a conventional air HP system (system A) the SPFsuppen Can be
increased from 2.94 to 3.86.

Total el. consumption: 2317 kWh/a Monthly energy balance [kWh]
2% 194 2500
o .
206 / 2000 Electric Heater
1500 - — Inputs . mSolar HP
1000 ++— — — —- Solar ice store
500 + — Solar buffer store
01 ® Heat Pump Compressor
-500 -+
u Air to HP
-1000 -
1500 | Outputs m Losses
m Heat Pump Compressor B Heat Pump outdoor unit -2000 5 DHW
= Pump Space Heat ® Pump DHW
u Penalty Space Heat ® Penalty DHW -2500 —— N . ‘& ‘A —— mspace heat
Pump Solar Controller OCT LTSI EL S &
Pump HP Electric Heater Ae?} VAT e Y Yoo

Figure 20: Total electric consumption per year and monthly energy balance for system D, Climate Strasbourg,
SFH45

Figure 20 shows the simulation results for system D. With a collector area of 30 m? unglazed
selectively coated collectors and an ice storage volume of 0.6 m?® a SPFsyp pen Of 3.67 can be
reached. System C compared to system D shows that through the integration of the ice
storage (same collector area) with the used control strategy the SPFyr can be increased.
SPFshppen IS reduced from 3.86 to 3.67. The reason is that less solar energy is directly used
to charge the buffer storage and as a result the total electricity consumption increases from
2208 kWh to 2317 kwh.
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Total el. consumption: 2060 kWh/a
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Figure 21: Total electric consumption per year and monthly energy balance for system E, Climate Strasbourg,

SFH45.

The simulation results for system E and F show that by preheating the ambient air (E) and
direct solar input into the refrigerant cycle (F) the total electricity consumption of the system
can be reduced only slightly compared to system B with the used boundary conditions. The
increased performance can be primarily explained due to the higher system performance of
the HP (higher evaporation temperature), but the efficiency improvement potential is very
small. This is due to the fact that the use of solar heat at the evaporator of the HP is only
beneficial, when the radiation on the collector field is low. At times when the radiation
exceeds a certain limit, usually a direct charging of the buffer store by the collectors is
favourable. The low overall benefit by this kind of operation can be explained by the low
amount of solar heat, which is occurring below this limit.

Total el. consumption: 2055 kWh/a

0% _4%1%
0% /
0

5%

m Heat Pump Compressor B Heat Pump outdoor unit
= Pump Space Heat = Pump DHW
= Penalty Space Heat u Penalty DHW

Pump Solar Controller

Pump HP Electric Heater

Monthly energy balance [kWh]

2500
2000 +——
1500
1000

500

-500
-1000
-1500
-2000 -
-2500

Electric Heater
u Solar HP
Solar ice store
Solar buffer store
® Heat Pump Compressor
u Air to HP
H Losses
u DHW

m space heat

Figure 22: Total electric consumption per year and monthly energy balance for system F, Climate Strasbourg,

SFH45

In Figure 23 the simulation results for system G (ground source system without solar) are
depicted. The total electricity consumption amounts 2546 kWh/a, a SPFsuppen Of 3.35 is

reached.
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Total el. consumption: 2546 kWh/a Monthly energy balance [kWh]
0% 3% 1% 2500
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Figure 23: Total electric consumption per year and monthly energy balance for system G, Climate Strasbourg,
SFH45

The comparison of system G and H shows that by integration of a solar thermal system
(14 m?) the SPFsuppen Can be increased from 3.35 to 4.83. The total electricity consumption
of the system is reduced by about 30 %.

Total el. consumption: 1767 kWh/a Monthly energy balance [kWh]

Electric Heater

Inputs m Solar HP

Solar ice store

Solar buffer store

m Heat Pump Compressor

u Brine to HP
u Losses
u Heat Pump Compressor ®Heat Pump outdoor unit uDHW
u Pump Space Heat u Pump DHW
® Penalty Space Heat ® Penalty DHW mspace heat
= Pump Solar = Controller
Pump HP = Electric Heater

Figure 24: Total electric consumption per year and monthly energy balance for system H, Climate Strasbourg,
SFH45
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overall system performance table (building SFH45, climate Strasbourg)
Sys A SysB SysC SysD SysE SysF SysG SysH

SPFshp+,pen 294 409 386 3.67

SPFsup+ Without penalties 298 411 390 3.71

SPFup 365 345 375 3.76

Env. Indicators per useful kWh heat

GWP100 gCO2/kWh 177 128 135 142

Primary Energy non ren. kWh/kWh 098 070 0.75 0.78

Useful heat

DHW kWh/a 2076 2076 2076 2076

space heat kWh/a 6443 6445 6435 6438

Total kWh/a 8519 8520 8511 8514
Used Electricity

System kWh/a 2863 2072 2182 2295

Penalty DHW kwh/a 17.8 24 118 131

Penalty Space Heat kWh/a 16.8 11.2 141 8.3

Total kWh/a 2898 2085 2208 2317

Penalty Check

not more than 2% respective O0.K. O.K. O.K. O.K.

electric energy table

4.13
4.16
3.53

126
0.70

2076
6437
8513

2046
2.5
11.2
2060

O.K.

4.14
4.17
3.54

126
0.69

2076
6437
8513

2041
2.6
10.9
2055

O.K.

3.35 4.83
3.38 4.84
405 3.95

156 108
0.86 0.60

2076 2076
6450 6450
8525 8526

2523 1762
17.0 2.9
5.3 1.2
2546 1767

O.K. O.K.

SysA SysB SysC SysD SysE SysF SysG SysH

El. to Heat Pump compressor 24895 1740.4 1878.7 1901.4 1704.8 1698.4 2378.4 1616.2
El. to Heat Pump outdoor unit 118.4 84.6 0.0 0.0 84.0 83.6 0.0 0.0
El. to Heat Distr.Pump 15.2 14.4 14.6 14.3 14.4 14.3 14.2 13.6
El. to DHW pump 15.9 15.9 15.9 15.9 15.9 15.9 15.9 15.9
El. to Space heat penalty 16.8 11.2 14.1 8.3 11.2 10.9 5.3 1.2
El. to DHW penalty 17.8 2.4 11.8 13.1 2.5 2.6 17.0 2.9
El. to Pump solar 0.00 10.9 13.6 52.4 10.5 10.5 0.0 10.9
El. to Controllers 87.6 87.6 87.6 87.6 87.6 87.6 87.6 87.6
El. to Pump HP 28.7 20.0 22.2 22.4 19.8 19.7 27.3 18.4
El. to electric heater 107.7 97.7 149.0 201.5 109 111.4 0.0 0.0
TOTAL Electricity Input 2897.6 2085.2 2207.5 2316.9 2059.6 2055.0 2545.6 1766.5
thermal energy table

SysA SysB SysC SysD SysE SysF SysG SysH
Air to HP 8216.4 5218.4 0.0 0.0 5259.5 5041.7 0.0 0.0
Brine to HP (Ground) 0.0 0.0 0.0 0.0 0.0 0.0 8098.3 5154.8
Solar Coll. to Prim. Storage 0.0 4107.2 2940.1 2781.0 4072.4 4077.5 0.0 4107.1
Solar Coll. to HP 0.0 0.0 5481.8 0.0 2453 2239 0.0 0.0
Solar Coll. to Sec. Storage 0.0 0.0 0.0 5030.7 0.0 0.0 0.0 0.0
TOTAL Thermal Energy Input 8216.4 9325.6 8421.9 7811.7 9577.2 9343.0 8098.3 9261.9
HP to Heat Distribution 3601.9 2801.0 2980.5 2907.2 2798.9 2787.8 3312.1 2588.3
Sec. Storage to Heat Dist. 2980.2 3806.3 3600.6 3674.7 3800.4 3811.7 3278.4 4024.1
Sec. Storage to DHW Dist. 2075.8 2075.7 2075.7 2075.6 2075.7 2075.6 2075.7 2075.6

TOTAL Thermal Energy Out 8657.9 8683.0 8656.7 8657.5 8675.0

8675.2

8666.2 8688.0
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Results & Conclusion (Climate Davos)

In Figure 25 — Figure 32 the results for the considered systems for the climate Davos for
SFHA45 are shown, including the electricity consumption of the complete heat preparation and
distribution and also the monthly heat balances. The simulation results are also summarized
in the tables at the end of this section concerning the overall system performance, electric
energy and thermal energy.

Total el. consumption: 5424 kWh/a Monthly energy balance [kWh]
. 3000
1% 1% Inputs Electric Heater
2000 m Solar HP
1000 Solar ice store
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0 m Heat Pump Compressor
-1000 u Air to HP
Outputs H Losses
-2000
uDHW
= Heat Pump Compressor = Heat Pump outdoor unit
= Pump Space Heat = Pump DHW -3000 H space heat
m Penalty Space Heat = Penalty DHW
Pump Solar Controller
Pump HP Electric Heater ®

Figure 25: Total electric consumption per year and monthly energy balance for system A, Climate Strasbourg,
SFH45

In Figure 25 the simulation results for system A are shown. The total electricity consumption
of the air HP system amounts 5424 kWh/a (81 % compressor, 12 % electric heater, 4 %
outdoor unit). In system A only the air HP and electric heater delivers energy to the system.
On the right side of Figure 25 the monthly energy balances are shown. With system A a
SPFstp pen Of 2.48 is reached.

Total el. consumption: 3060 kWh/a Monthly energy balance [kWh]
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Figure 26: Total electric consumption per year and monthly energy balance for system B, Climate Davos, SFH45

The comparison of system A and B shows that by integration of a solar thermal system (14
m?) the SPFsuppen Can be increased from 2.48 to 4.37. The total electricity consumption of
the system is reduced by about 40 %. SPF,p is reduced, as the solar collectors are providing
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heat at times, when the HP would otherwise be operated with a high efficiency. However,
SPFshp pen is the more important figure from an overall system point of view.

Total el. consumption: 4529 kWh/a Monthly energy balance [kWh]
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Figure 27: Total electric consumption per year and monthly energy balance for system C, Climate Strasbourg,
SFH45

The simulation results for system C are shown in Figure 27. From May to September most of
the heat demand of the system can be covered by the solar collectors. With a collector area
of 30 m? unglazed selectively coated collectors a SPFsyp pen Of 2.96 and a SPFyp of 3.00 is
achieved. Compared to a conventional air HP system (system A) the SPFgsuppen Can be
increased from 2.48 to 2.96.
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Figure 28: Total electric consumption per year and monthly energy balance for system D, Climate Davos, SFH45

Figure 28 shows the simulation results for system D. With a collector area of 30 m? unglazed
selectively coated collectors and an ice storage volume of 0.6 m® a SPFspp pen Of 3.11 can be
reached. System C compared to system D shows that through the integration of the ice
storage (same collector area) with the used control strategy the SPFsyp pen @and SPFp can be
increased. SPFsyppen is increased from 2.96 to 3.11. Through the integration of an ice-
storage the total electricity consumption is reduced from 4529 kWh to 4297 kWh.
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Total el. consumption: 3057 kWh/a Monthly energy balance [kWh]
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Figure 29: Total electric consumption per year and monthly energy balance for system E, Climate Strasbourg,
SFH45

The simulation results for system E and F show that by preheating the ambient air (E) and
direct solar input into the refrigerant cycle (F) the total electricity consumption of the system
can be reduced slightly compared to system B with the used boundary conditions. The
increased performance can be primarily explained due to the higher system performance of
the HP (higher evaporation temperature), but the efficiency improvement potential is very
small. This is due to the fact that the use of solar heat at the evaporator of the HP is only
beneficial, when the radiation on the collector field is low. At times when the radiation
exceeds a certain limit, usually a direct charging of the buffer store by the collectors is
favourable. The low overall benefit by this kind of operation can be explained by the low
amount of solar heat, which is occurring below this limit.
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Figure 30: Total electric consumption per year and monthly energy balance for system F, Climate Davos, SFH45

In Figure 31 the simulation results for system G (ground source system without solar) are
depicted. The total electricity consumption amounts to 4111 kWh/a, a SPFsyp pen Of 3.26 is
reached.
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Figure 31: Total electric consumption per year and monthly energy balance for system G, Climate Davos, SFH45

The comparison of system G and H shows that by integration of a solar thermal system
(14 m?) the SPFsuppen Can be increased from 3.26 to 5.77. The total electricity consumption

of the system is reduced by about 43 %.

Total el. consumption: 2328kWh/a

47]1%

m Heat Pump Compressor B Heat Pump outdoor unit

= Pump Space Heat = Pump DHW

= Penalty Space Heat = Penalty DHW

= Pump Solar = Controller
Pump HP u Electric Heater

Monthly energy balance [kWh]

3000
Inputs Electric Heater
2000 — = Solar HP
1000 | | Solar ice store
Solar buffer store
01 m Heat Pump Compressor
-1000 - m Brine to HP
Outputs #Losses
-2000 -
u DHW
-3000 —— T T ——— mspace heat
SR LERATNORARN O
S TETEIIIIE L L
A

Figure 32: Total electric consumption per year and monthly energy balance for system H, Climate Davos, SFH45
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overall system performance table (building SFH45, climate Davos)
Sys A SysB SysC SysD SysE SysF SysG SysH

SPFstp+ pen 248 437 296 311 438 440 326 5.77

SPFsup+ Without penalties 249 440 296 312 441 443 341 6.06

SPFup 3.07 281 300 338 283 284 390 382

Env. Indicators per useful kWh heat

GWP100 gCO2/kWh 210 119 176 167 119 118 160 90

Primary Energy non ren. kWh/kWh 116 066 097 092 066 065 0.88 0.50

Useful heat

DHW kWh/a 2556 2557 2557 2556 2556 2556 2556 2556

space heat kwh/a ~ 10873 10823 10827 10826 10827 10832 10866 10883

Total kWh/a 13430 13379 13384 13382 13384 13389 13426 13439
Used Electricity

System kWh/a 5393 3039 4515 4287 3036 3023 3940 2218

Penalty DHW kWh/a 16.16 25 35 35 2.7 3.0 223 2.6

Penalty Space Heat kWh/a 1452 189 10.7 6.3 182 174 1488 1074

Total kWh/a 5424 3060 4529 4297 3057 3044 4111 2328

Penalty Check

not more than 2% respective O0.K. O.K. O.K. O.K. OK. O.K. 0.K. O.K

electric energy table

SysA SysB SysC SysD SysE SysF SysG SysH

El

El. to Heat Pump outdoor unit 230.4 130.1 0.0 0.0
El. to Heat Distr.Pump 13.0 13.3 13.6 13.1
El. to DHW pump 15.9 15.9 15.9 15.9
El. to Space heat penalty 14.5 18.9 10.7 6.3
El. to DHW penalty 16.2 2.5 3.5 3.5
El. to Pump solar 0.0 15.2 20.1 105.3
El. to Controllers 87.6 87.6 87.6 87.6
El. to Pump HP 41.6 23.3 21.4 20.3
El. to electric heater 642.9 303.2 2091.2 1801.9
TOTAL Electricity Input 5423.6 3060.4 4528.9 4296.9

Sys A
Air to HP 12063.5
Brine to HP (Ground) 0.0
Solar Coll. to Prim. Storage 0.0
Solar Coll. to HP 0.0
Solar Coll. to Sec. Storage 0.0

TOTAL Thermal Energy Input 12063.5

HP to Heat Distribution 5486.4
Sec. Storage to Heat Dist. 5597.2
Sec. Storage to DHW Dist. 2556.5

TOTAL Thermal Energy Out

thermal energy table

Sys B Sys D
5712.5
0.0
7803.6
0.0

0.0
13516.1
3502.7
7626.5
2556.5

Sys C
0.0
0.0
6182.3
5196.0
0.0
11378.3
1927.6
9169.8
2556.5

0.0

0.0
5677.7

0.0
5588.6
11266.4
2292.1
8798.8
2556.5
13640.1 13685.8 13653.9 13647.3 13688.6 13692.0 13633.2 13754.6

to Heat Pump compressor 4361.5 2450.4 2264.9 2243.1 2459.3 2446.8 3765.5 2051.8

130.4 129.6 0.0 0.0
13.3 13.3 24.0 125
15.9 15.9 15.9 15.9
18.2 17.4 148.8 107.4

2.7 3.0 12.3 2.6
14.9 14.8 0.0 5.8
87.6 87.6 87.6 87.6
23.4 23.2 47.3 25.4

290.9 2923 0.0 0.0

3056.6 3043.9 4111.5 2328.4

Sys E
5775.8
0.0
75744.8
286
0.0
13806.5
3525.8
7606.3
2556.5

Sys F
5564.1
0.0
7759.5
262.7
0.0
13586.4
3512.8
7622.6
2556.5

Sys G
0.0
11920.6
0.0

0.0

0.0
11920.6
5427.6
5649.1
2556.4

Sys H
0.0
6115.2
7634.2
0.0
0.0
13749.5
5036.2
6161.9
2556.5
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In Figure 33 - Figure 38 additionally the SPFgup.pen and the electricity consumption for the
buildings SFH15, SFH45 and SHF100 are shown for both climates. The comparison of the
results for the two climates show that for the SFH15 without solar energy (System A & G) the
System performance for the climate Strasbourg is higher than in Davos. For the systems with
solar energy and the same dimensioning of the solar system, it looks different. The system
performance in Davos for the solar systems is higher due to the higher solar radiation. As a
result a greater solar yield is reached. For the ground source HP systems (with and without
solar) the system performance for the SFH100 is approximately equal. The system
performance for the air source HP systems in Davos compared to Strasbourg is lower. The
reason for that is the higher heat demand of the building for the climate Davos and the lower
ambient temperatures in the heating season compared to the climate Strasbourg.
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()
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Figure 33: Comparison of results from different system variants under the same boundary conditions (climate
Strasbourg, building SFH15)
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Figure 34: Comparison of results from different system variants under the same boundary conditions (climate
Strasbourg, building SFH45)
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Figure 35: Comparison of results from different system variants under the same boundary conditions (climate
Strasbourg, building SFH100)
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Figure 36: Comparison of results from different system variants under the same boundary conditions (climate
Davos, building SFH15)
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Figure 37: Comparison of results from different system variants under the same boundary conditions (climate
Davos, building SFH45)
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Figure 38: Comparison of results from different system variants under the same boundary conditions (climate,
Davos, building SFH100)
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Simulation results for System C & D for the climate Davos with different unglazed
collector areas

For System C and D simulations with different collector areas were performed. With System
C and an unglazed collector area of 30 m? for the SFH45 a SPFgyp. pen Of 2.96 is reached.
The electricity consumption of the electric heater is approximately equal to the electricity
consumption of the compressor of the HP. Compared to the parallel air HP system with
glazed collectors the electricity consumption of the electric heater is about seven times as
large as to the system with the unglazed collectors (30 m2 instead of 14 m2). For this reason
simulations are performed with higher collector areas. Through the increasing of the solar
collector area the heat exchanger area for the evaporator of the HP is increased. Thereby
the evaporator temperature level increases. By increasing of the collector area from 30 m2 up
to 60 m? the SPFgyp. pen iNCreases from 2.96 up to 3.87 and electricity consumption of the
electric heater is approximately reduced to the half. Through the integration of an additionally
ice storage (0.6 m3) the increasing of the system performance is very low (Figure 39).
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Figure 39: Comparison of results for system C and D under the same boundary conditions with different collector
areas (climate, Davos, building SFH45)

Increased flow temperature for the climate Davos

For the climate Davos additional simulations are performed for the SFH45 with increased
flow and return temperatures into the heating system of 40 °C/35 °C instead of 35/30 °C. The
results are shown in Figure 40. The resulting show that the SPFgp. pen decreases. Compared
to the original flow/return temperature the reduction of the system performance is between 3
and 10 %.
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Figure 40: Comparison of results from different system variants under the same boundary conditions (climate
Davos, building SFH45, Flow-/Return Flow Temperature 40/35 °C)

Two storage systems

In Figure 41 on the left side is shown an air source HP system with one water storage which
is divided in a DHW and a SH volume. In the right figure is shown an air source HP system
with two water storages. The storages separately used for the DHW and the space heating
system. In the one storage system for the space heating system a hydraulic mixing valve is
used to control the flow temperature for the heating system depending on the ambient air
temperature. In the two storage system there is no mixing valve required because of the
separately SH storage which is controlled depending on the flow temperature of the heating
system. The SH storage ensures that the temperature level for heating system is not too
high. For that reason there is no mixing valve necessary.
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Figure 41: Comparison one/two storage systems
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The results in Figure 42 show, that there is no big advantage for one of the system. The
system performance of the one storage systems is about 5 % higher compared to the two
storage systems. The simulations for the one storage system are performed with a storage
volume of 0.3 m3. For the two storage system the DHW storage has a volume of about
0.2 m23 and the SH storage a volume of about 0.1 m3. For the two storage system the surface
area of the storage for the equal storage volume (compared to the one storage system) is
higher. That means that the heat losses are higher through the greater storage surface.
Further show the results that the electricity consumptions of the electrical heater for the two
storage systems are lower compared to the one storage system. The electrical heater
delivers power to the heating systems if the power of the HP is too low (based on the low
ambient temperatures). In the one storage system the lowest temperature level is the cold
water temperature. For the two storage system the lowest temperature level is the return flow
temperature of the heating system which is mostly higher than the cold water temperature.
The electric heater is controlled depending on the storage temperature and the flow
temperature of the heating system. The HP delivers priority heat to the DHW storage. If the
power of the HP based on the ambient air temperature is very low the loading process takes
longer. During this time the temperature level in the SH volume is too low that the electrical
heater is switched on.
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Figure 42: Comparison of results one/two storage systems for the air source HP (SystemA) (climate Strasbourg,
building SFH15, SFH45, SFH100)
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Hydraulic integration and control of combi-storages into
solar and heat pump systems

Summary written by: ~ Michel Haller, 4.10.2013

Original report/paper  Haller, M.Y., Haberl, R., Mojic, I. & Frank, E., 2013. Hydraulic
integration and control of heat pump and combi-storage: Same
components, big differences. In: SHC conference 2013 - accepted
for publication, Freiburg, Germany.

Goal or motivation of the simulation study

Laboratory tests as well as field studies have shown performances below the expectations
for combined solar and heat pump systems with combi-storages. A transfer of heat from the
DHW-zone of the storage to the space heating zone has been found to be a possible cause
for disappointing performance. Different hydraulic integration and control of systems with
heat pumps and combi-storage as well as the influence of the stratification efficiency of the
storage has been investigated by means of annual system simulations, and
recommendations for the combination of heat pumps with combistorages have been
developed.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform TRNSYS Version 16 (Reference Platform for
T44A38). From the standard boundary conditions defined for the IEA T44/A38, the following
were used for these simulations:

Climate(s) Building(s)
X Strasbourg X SFH 15
[ Helsinki [X] SFH 45
[ Athens X] SFH 100
[] Davos

] Montreal

In addition to the reference boundary conditions, simulations have also been performed with
an SFH100 building that has lower design supply and return temperatures of 35/30 °C
instead of 55/45 °C.

Type of system studied

letter code: e.g. j2 SHP.Y', see Appendix A
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Methods

The air source heat pump simulation was performed with a bi-quadratic curve fit for COP and
heat output that is taking account for cycling losses as well as deiceing losses. The
coefficients for this heat pump have been determined based on measurements in the
laboratory and subsequent fitting of the parameters. The model of Perers et al. (2002) has
been used for the simulation of the solar thermal collectors with the performance data of the
IEA SHC Task 32 standard flat plate collector. A new developed plug-flow model has been
used for the combistorage in order to be able to reduce numerical diffusion that is inherent
for fixed node models.

Several configurations for the hydraulic integration of the heat pump and the control for DHW
zone charging (sensor placement in the storage) have been simulated with the same
boundary conditions of T44/A38, and with the same components (heat pump, collector,
storage).

Results & Conclusion

The base case system's results for SFH045 in Strasbourg are shown in Figure 1. From the
electricity split it can be seen that for this heat pump a surprisingly high amount of electricity
is needed for the controller. The standby consumption measured in the laboratry was 20 W
(175 kWh/a). Being able to swich off the heat pump completely during 60% of the year would
improve the SPFgyp. by 0.14.
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Figure 1: Total electric consumption per year and monthly energy balance for system A.

For a series of simulations with different hydraulic concepts (see Haller et al. 2013 for details
on the hydraulic concept), it was shown that the electricity demand (and the seasonal
performance factors of the systems) were quite different. Figure 2 shows the results from the
simulations re-evaluated in terms of SPFsyc. pen (Original paper was based on SPFsyc only).
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Figure 2: Comparison of results from different system variants under the same boundary conditions for climate,
heat load, and DHW consumption.

This contribution shows that the electric energy demand of unfavorable hydraulic and/or
control solutions can be about 50% higher than for a good solution with the same main
components. The same is true for a badly stratifying storage. With current electricity prices
(0.15..0.20 €/kWh for households in central Europe) this corresponds to additional
operational costs for electricity of 120..360 €/a.

Recommendations can be given for the design of systems that include a combistorage and a
heat pump:

1. The position of the DHW sensor for boiler charging control must be placed at a
safe distance from the space heating zone of the storage. This distance depends on
the stratification efficiency of the storage and on the mass flows used for storage
charging and discharging. It is thus system-specific. As a first approximation, a
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distance of 20-30 cm may be seen as the absolute minimum for typical geometries of
combistores with about 900 liters water volume. The storage stratification efficiency
has to be tested with the volume flow rates that correspond to the volume flow rates
that are later encountered in the field. Insufficient stratification may lead to a fast
decrease in temperature at the position of the DHW sensor during space heat
operation of the storage and/or the heat pump, and thus to excessive DHW charging
by the heat pump.

2. The return from the storage to the heat pump in DHW mode must be placed
above the space heating zone of the storage.

The possibility to bypass the storage as much as possible when the heat pump is operating
in space heating mode has not been simulated in this contribution. For modulating heat
pumps, in particular in combination with space heat distribution systems that can guarantee a
minimum flow, this mode of operation should be considered. In this case, the storage is only
used in space heating mode when there is either heat from the solar thermal system that can
be used or when the heat pump needs to increase its running time (closing thermostatic

valves).

Figure 3: Recommended hydraulic solution for
the combination of heat pump and combistorage
(solar and DHW integration excluded).
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overall system performance table
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electric energy table [kWh/a]

Sys A Sys B Sys C Sys D Sys E Sys F Sys G Sys H Sys | Sys J Sys K Sys L
Heat Pump & Pump & Ctr 2243 2273 2237 2359 3085 3350 2297 2645 2678
Solar Pump & Ctr 179 179 179 177 171 179 178 178
Heat Distr. Pump 116 116 116 116 116 116 116 116
DHW penalty 21 17 15 15 15 15 15 15
Space heat penalty 5 4 3 3 3 3 3 3
Total Electricity Input 2564 2588 2550 2671 3655 2610 2958 2991

thermal energy table [kWh]
Thermal Energy Output to Heating A B C D E F G H | J K L
Air to HP 5256 5239 5282 5107 4996 4542 4429 4458 4197 5193 5032 5029
4540 4527 4538 4513 4515 4389 4390 4370 4369 4535 4497 4499

Solar Coll. to Sec. Storage
TOTAL Thermal Energy Input 9796 9766 9820 9620 9511 8931 8819 8828 8566 9728 9529 9528
SEc. Storage to Heat Dist. SH 6468 6467 6467 6467 6467 6467 6467 6467 6467 6467 6467 6467
Sec. Storage to Heat Dist. DHW 2076 2076 2076 2076 2076 2076 2076 2076 2076 2076 2076 2076
TOTAL Thermal Energy Output 8544 8543 8543 8543 8543 8543 8543 8543 8543 8543 8543 8543
Report C3 — Annex G.6 09.12.2013 Page 6 of 6
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Pure parallel solar thermal and air source heat pump
(SASHP) systems

Summary written by:  Daniel Carbonell, 26.09.2013

Original report/paper  Parts of this document are based on : D. Carbonell, M.Y. Haller, D.
Philippen and E. Frank. Simulations of combined solar thermal and
heat pump systems for domestic hot water and space heating.
Proceedings of the SHC conference, Freiburg, Germany, 2013.

Goal or motivation of the simulation study

Analysis of pure parallel systems of combined solar thermal and air source heat pump
systems. Study in detail the behavior of this system. Sensitivity analysis of collector area of
system performance. The sensitivity analysis was not done in SHC paper [1] and the volume
of the storage has been changed from 60 I/m? in [1] to 70 I/m? for the sensitivity analysis.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform TRNSY-17. A platform intercomparison check
has been performed and presented at the end of report. From the standard boundary
conditions defined for the IEA T44/A38, the following were used for these simulations:

Climate(s) Building(s)
X Strasbourg X SFH 15
[ Helsinki [X] SFH 45
[ Athens [X] SFH 100
] Davos

] Montreal

Type of system studied: 32iSHPA

Figure 1: Square view diagram for combined parallel solar and air source heat pump simulated system.
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Methods

The employed models are described in the following table:

Type Number Description Description Parameters

Nominal power: 4 kW (SFH15),
6.5 kW (SFH45) and 11.3

Semi physical heat Air source heat pump (SFH100) ; (COP at A7/W35 =

Type 877

pump model 4.26). Values from laboratory
measurements at SPF.
Dynamic collector a; = 3,5 W/(m3K), a, = 0,015
Type 832 model (glazed) Model glazed collector W/(m2K2), 70 = 0.8
volume: 60 I/m* (m* of collector
Type 998 Storage model Buffer storage area). 75 I/m?in sensitivity
analysys
_— FromT44/A38 reference
Type 56 Building model Standard Type conditions, see [2]
Type 362 Radiator model SEH45 Flow-/Return Flow Temperature

(see [2])

Results & Conclusions
Results for three buildings SFH15, SFH45 and SFH100 are compared to each other.

The lowest SPFsyp. is obtained for SFH100, due to the higher impulse fluid temperature to
the building. When the heat demand is higher, the compressor of the heat pump covers more
percentage of the total electricity: from 74% in SFH15 to 79% in SFH45 and 88% in SFH100
(see Fig. 1 to Fig. 3). The importance of electricity consumption of controllers and pumps are
less important for SFH100. Thermal losses of pipes, heat pump and storage tank are also
less important for SFH100 respect to the others.

In the second part of the report a sensitivity analysis increasing collector area has been
presented. The SPFgyp, increases from 3.3 with 5 m? of collector area to 4.6 m? with 35 m?.
The increase in SPFsp. as a function of collector area is quite liner (see Fig.3) and the
SPF4p do not vary significantly when collector area is increased (between 2.9 and 3).

Results for SFH15, SFH45 and SFH100

Results for 15 m? of collector area and a storage volume of 60 I/m* are presented in the
following for the three buildings SFH15, SFH45 and SFH100.
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Table 1: Overall system performance table for different buildings and same collector the same collector area of 15
m2 and storage volume of 60 I/m2.

SFH15 SFH45 SFH100

Penalty Check

o
P
°
P
o
P

not more than 2% respective

Table 2: Electrical consumption table for different buildings and same collector the same collector area of 15 m?
and storage volume of 60 I/m?.

SFH15 SFH45  SFH100

Report C3 — Annex G.7 29.01.2014 Page 3 of 6



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

Figure 2: Total electric consumption (left) and energy heat flows (right) for SFH15. Collector area of 15 m* and
storage volume of 60 I/m?.

Figure 3: Total electric consumption (left) and energy heat flows (right) for SFH45. Collector area of 15 m* and
storage volume of 60 I/m?.

Figure 4: Total electric consumption (left) and energy heat flows (right) for SFH100. Collector area of 15 m*
and storage volume of 60 I/m?.
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Results for sensitivity analysis of SFH45
In this section results for different collector areas for building SFH45 are presented.

Figure 5: Seasonal performance factor for system (SPFsnp+) and heat pump (SPFwp) as a function of collector
area for SFH45.

Table éi: Overall system performance table for building SFH45 and different collector areas and storage volume of
75 l/m”.

A=0m? A;=5m? Ac=10m? A.=15m? A.=20m? A.=25m? A.=30m? A.=35m>

Penalty Check

not more than
2% respective
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A
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Table 24: Electrical consumption table for building SFH45 and different collector areas and storage volume of
75 1/m°.

A=0m?> Ac=5m? A=10m? A=15m? Ac=20m? A.=25m’ A.=30m> A.=35m>
El. to Heat Pump

compressor 3078.9 2304.5 1969.5 1789.9 1667.2 1558 1467 1373.1
E:]'itto HeatPumpoutdoor 5535 2672 2289 2099 1926 181 1687  157.8
El. to Heat Distr.Pump 52 52.1 52.1 52.0 52.0 52.0 52.0 52.0
El. to DHW pump 0 0 0 0 0 0 0 0
El. to Space heat penalty 11 1.6 0.8 1 1.2 11 11 0.9
El. to DHW penalty 23 155 10.2 10.6 10.6 8.7 7.1 7
El. to Pump solar 0 27 46.7 61.9 74.7 157.2 96.1 106.4
El. to Controllers 26.3 52.6 52.6 52.6 52.6 52.6 52.6 52.6
El. to Pump HP 30.8 26.9 23.4 21.5 19.7 18.5 17.2 16.1
El. to electric heater 82.8 80.2 79.4 87.6 77 86 84.6 86.2

TOTAL Electricity Input 3578.8 2822.6 2463.4 2287.0 2146.4 2044.6 1946.3 1852.1

References

[1] D. Carbonell, M.Y. Haller, D. Philippen and E. Frank. Simulations of combined solar thermal and heat pump
systems for domestic hot water and space heating. Proceedings of the Solar Heating and Cooling (SHC)
Conference, Freiburg, Germany, 2013.

[2] Dott, R, Haller, M.Y, Ruschenburg, J, Ochs, F and Bony, J. The reference framework for system simulation of
the IEA SHC Task44/HPP Annex 38: Part B : Building and space heat load. Technical Report IEA-SHC Task44
Subtask C, www.iea-shc.org/task44, 2012.
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Pure parallel Solar thermal and Ground Source Heat Pump
(SGSHP) system

Summary written by: ~ Daniel Carbonell, 26.09.2013

Original report/paper  D. Carbonell, M.Y. Haller, D. Philippen and E. Frank. Simulations of
combined solar thermal and heat pump systems for domestic hot
water and space heating. Proceedings of the SHC conference,
Freiburg, Germany, 2013.

Goal or motivation of the simulation study

Analysis of pure parallel systems of combined solar thermal and air source heat pump
systems. Study in detail the behavior of this system. Sensitivity analysis of collector area of
system performance. The sensitivity analysis was not done in [1] and the volume of the
storage has been changed from 60 I/m? in [1] to 70 I/m? for the sensitivity analysis.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform TRNSY-17. A platform intercomparison check
has been performed and presented at the end of report. From the standard boundary
conditions defined for the IEA T44/A38, the following were used for these simulations:

Climate(s) Building(s)
X strasbourg X SFH 15
[ Helsinki X] SFH 45
[ Athens [X] SFH 100
[] Davos

] Montreal

Type of system studied: SGSHPS sy
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Methods

The employed models are described in the following table:

Type Number Description Description Parameters

Nominal power: 4 kW (SFH15), 6.5 kW
Semi physical heat (SFH45) and 11.3 (SFH100) ; (COP at

Type 877 Air source heat pump

pump model A10/W35 = 6.33). Values from
laboratory measurements at SPF.
Type 451 EWS borehole model Borehole heat exchanger FromT44/A38 boundary conditions
Dynamic collector a; = 3,5 W/(m2K), a; = 0,015 W/(m2K?2),
Type 832 model (glazed) Model glazed collector ne=08
volume: 60 I/m* (m* of collector area).
Type 998 Storage model Buffer storage 75 UmZin sensitivity analysys
- FromT44/A38 reference conditions, see
Type 56 Building model Standard Type ’
yp g yp 2]
Type 362 Radiator model SEH45 Flow-/Return Flow Temperature =

35/30 °C

Results & Conclusions
Results for three buildings SFH15, SFH45 and SFH100 are compared to each other.

The lowest SPFgyp. is obtained for SFH100, due to the higher impulse fluid temperature to
the building. When the heat demand is higher, the compressor of the heat pump covers more
percentage of the total electricity: from 74% in SFH15 to 81% in SFH45 and 88% in SFH100
(see Fig. 1 to Fig. 3). The importance of electricity consumption of controllers and pumps are
less important for SFH100. Thermal losses of pipes, heat pump and storage tank are also
less important for SFH100 respect to the others.

In the second part of the report a sensitivity analysis increasing collector area has been
presented. The SPFgyp, increases from 4.7 with 5 m? of collector area to 7.1 m? with 35 m?.
The increase in SPFsp. as a function of collector area is quite liner (see Fig.3) and the
SPFp slightly increase with collector area (from 5 to 5.2).
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Results for SFH15, SFH45 and SFH100

Results for 15 m? of collector area and a storage volume of 60 I/m? are presented in the
following for the three buildings SFH15, SFH45 and SFH100.

Table 1: Overall system performance table for different buildings and same collector the same collector area of 15
m2 and storage volume of 60 I/m2.

SFH15 SFH45 SFH100

Penalty Check

o
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°
P
o
P

not more than 2% respective

Table 2: Electrical consumption table for different buildings and same collector the same collector area of 15 m?
and storage volume of 60 I/m?.

SFH15 SFH45  SFH100
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Figure 1: Total electric consumption (left) and energy heat flows (right) for SFH15. Collector area of 15 m* and
storage volume of 60 I/m?.

Figure 2: Total electric consumption (left) and energy heat flows (right) for SFH45. Collector area of 15 m* and
storage volume of 60 I/m?.

Figure 3: Total electric consumption (left) and energy heat flows (right) for SFH100. Collector area of 15 m*
and storage volume of 60 I/m?.

Report C3 — Annex G.8 29.01.2014 Page 4 of 6



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

Results for sensitivity analysis of SFH45
In this section results for different collector areas for building SFH45 are presented.

Figure 4: Seasonal performance factor for system (SPFsup+) and heat pump (SPFyp) as a function of collector
area for SFH45.

Table ;3: Overall system performance table for building SFH45 and different collector areas and storage volume of
75 1/m°.

A=0m? Ac=5m? A=10m? A=15m?> A.=20m? A.=25m? A.=30m?> A.=35m?

Penalty Check

not more than

0, 0,
2% respective 24% 0.K(2%) O.K. O.K. O.K. O.K. O.K.

o
=
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Table 4: Electrical consumption table for building SFH45 and different collector areas and storage volume of

75 I/m?.

El. to Heat Pump
compressor
El. to Heat Pump
outdoor unit

El. to Heat Distr.Pump
El. to DHW pump

El. to Space heat penalty
El. to DHW penalty

El. to Pump solar

El. to Controllers

El. to Pump HP source
El. to Pump HP sink

El. to electric heater
TOTAL Electricity Input

References

A=0m?>
2004.9

0

52.0

0

1.9
50.3

0

26.3
85.2
21.7

6
2248.4

Ac=5m>
1543.3

0

52.1

0

0.6
44.2
27.2
52.6
68.6
17.5
2.6
1808.6

A=10m? Ac=15m? A=20m> Ac=25m? A.=30m’> A.=35m>

1318.0

0

52.0

0

0.8
20.2
46.7
52.6
59.5
15.2
16.8
1581.8

11925

0

52.0

1.0
18.6
61.9
52.6

54
13.7
30.2

1476.5

1094.4

0

52.0

0

1.0
14.8
74.9
52.6
49.5
12.6
35.8
1387.7

1025.7

0

52.0

0

1.0
12.6
86.6
52.6
46.3
11.8
32.0
1320.5

957.4

0

52.0

0

0.9
12.0
96.1
52.6
42.9
10.9
31.6
1256.4

893.6

0
52.0

1.0
12.0
106.3
52.6
40.0
10.2
32.8
1200.4

[1] D. Carbonell, M.Y. Haller, D. Philippen and E. Frank. Simulations of combined solar thermal and heat pump
systems for domestic hot water and space heating. Proceedings of the Solar Heating and Cooling (SHC)
Conference, Freiburg, Germany, 2013.

[2] Dott, R, Haller, M.Y, Ruschenburg, J, Ochs, F and Bony, J. The reference framework for system simulation of
the IEA SHC Task44/HPP Annex 38: Part B : Building and space heat load. Technical Report IEA-SHC Task44
Subtask C, www.iea-shc.org/task44, 2012.
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Combined parallel and series Solar thermal and Ice storage
Source Heat Pump (SISHP) system.

Summary written by:  Daniel Carbonell, 29.11.2013

Original report/paper  D. Carbonell, M.Y. Haller, D. Philippen and E. Frank. Simulations of
combined solar thermal and heat pump systems for domestic hot
water and space heating. Proceedings of the 2™ International
Conference on Solar Heating and Cooling for Buildings and Industry
(SHC), Freiburg, Germany, 2013.

Goal or motivation of the simulation study

Analysis of a series system that uses solar thermal collectors and a large ice storage as a
source for the heat pump. Comparison between the ice storage system, labeled as SISHP
and a combined solar and ground source heat pump (SGSHP) system.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 /| Annex 38 (T44A38) on the platform TRNSYS-17. A platform intercomparison
check has been performed and results match very well the reference conditions. From the
standard boundary conditions defined for the IEA T44/A38, the following were used for
these simulations:

Climate(s) Building(s)

X strasbourg [] SFH 15

[ Helsinki X| SFH 45

[ Athens X| SFH 100

[] bavos

] Montreal

Methods
Type Number Description Description Parameters
Glycol to water HP. Parameter power: 6.5 kW (SFH45) and 11.3
Type 977 Heat Pump Model fit (SFH100); (COP at A10/W35 = 6.83)
Dynamic Collector a; = 3.5 W/(m2K), a, = 0.015 W/(m2K?2),
Type 832 Model (glazed) Model glazed collector 70=08
Tvpe 202 Collector Model Model unglazed collector with a; = 9 W/(m2K), az = 0 W/(m2K?2), n, =
yp (unglazed) condensation 0.954
Volume: 75 I/m* (m* of covered
Type 340 Storage Model Buffer storage collector area).
Large ice storage with heat Different volume sizes
Type 860 Ice Storage Model exchangers that can be de-iced
Type 56 Building Model Standard Type See report [2]
. . Flow-/Return Flow Temperature (see

Type 362 Radiator Model SFH: 45,100 report [2])
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Type of system studied

Sol, Air Sol,Srs
letter code: (¢ s SHR

Results & Conclusion

The ice storage system presented here is based on flat plate heat exchangers that can be
de-iced. The system concept is explained in [2] and the ice storage model description and
validation is provided in [1]. When the heat pump extracts heat from the ice storage the
growing ice layers on the heat exchanger decrease the overall heat transfer coefficient from
the ice forming layer to the brine in the heat exchanger. As a result lower brine temperatures
and heat pump performance are obtained. A strategy to prevent the effect of a decreasing
overall heat transfer coefficient is to remove the ice layers periodically. The heat exchanger
is de-iced when the heat pump is switched off before reaching too low brine temperatures by
melting a small amount of ice that is in contact with the heat exchanger. When the melted ice
thickness is large enough, the ice layers separate from the heat exchangers due to buoyancy
forces and accumulate at the water surface of the ice storage.

General data and simulation for SGSHP and SISHP systems are shown in Table 1. Results
presented here show that systems based on large ice storage are able to reach performance
comparable of that of SGSHP systems.

Results presented with SISHP systems include 5 m? of uncovered collectors, mostly for de-
icing reasons in cases where sun is not shining For SFH45 (see upper part of Table 1) the
system performance of a SGSHP system is very high, with a SPFg,,, of 5.8. Using an ice
storage of 25 m® with the same collector area as the SGSHP a lower SPFg, of 5.01
compared to a SGSHP is obtained. Increasmg the collector area, from 15 to 30 m? (see
SISHP-120A30) the system performance increases to 5.9 and the volume of the storage can
be reduced to 20 m? without ever having the storage at 70% of the ice capacity. With 20 m?
of ice storage volume the collector area can be reduced until 20 m? with an SPFg,, of 5.53.
Results for SFH100 are shown in the bottom part of Table 1. Both SISHP simulations
perform with higher efficiency compared to a SGSHP system under these specific conditions
because the collector area is much higher for the SISHP systems. In this case reducing the
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storage volume from 40 to 30 m® and increasing the collector area from 30 to 45 m? also
improves system efficiency reaching a SPFg, of 5.1.

Table 1. Results of several SISHP systems compared against SGSHP reference system for different building
loads.

System Building Viee | A Aunc| Qg Par  SPFup SPFsup. | ASPFyp ASPFgp,
SFH  [[m7]|[m7 [mT{MwWh] [MWh]  [-] -] [%] [%]
SGSHP 45 - |15 0 [855 1.41 5.39 5.83 - -
SISHP-120A20* 45 20|20 5 852 141 542 5.53 0.64 -8.31
SISHP-120A30 45 20|30 5 852 126 561 5.90 4.12 1.13
SISHP-I125A15 45 25|15 5 852 152 535 5.01 -0.82 -14.17
SGSHP 100 - |15 0 |16.12 3.60 4.26 4.40 - -
SISHP-130A45* 100 30| 45 5 |16.06 2.98 4.57 5.10 7.40 15.93
SISHP-140A30 100 40 [ 30 5 |16.05 3.19 453 4.78 6.47 8.76

*Cases used in all the rest of the document for each building.

The percentage of electrical consumption is presented in Fig.1 for the selected systems for
SFH45 and SFH100. The two main electrical consumption factors are the heat pump
compressor and the circulating pumps.

Figure 1: Total electric consumption for SISHP-I20A20 and SFH45 (left) and for SISHP-I30A45 and SFH100
(right).

As an illustrative example of the behavior of the ice storage tank, a monthly energy balance
plot (left axis) has been presented in Fig. 2 (left) for the case SISHP-I20A20 and building
SFH45 and in Fig. 2 (right) for the case SISHP-I30A45 and building SFH100. The terms
presented in the legend from top to bottom are: the heat input from the collector field (Q,,, ),
the gains (positive y-axis) and losses (negative y-axis) due to ice storage and ground
exchange (Q,,..). the heat released gains (positive y-axis) and accumulated (negative y-
axis) in the ice storage in form of sensible heat ( Q... ), the energy of ice formation (Q.,
), the energy extracted from the heat pump (Q__ ), the energy used to melt the ice in the heat

cool
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exchangers (Q

Qmelt, floating ) "

The ratio between the maximum volume of ice and the volume of ice storage is shown as
solid line in the right axis of Fig. 2 for each month. It can be observed that there is no ice in
the storage from April to November. The maximum value of 60% for SFH45 and 65% for
SFH100 are found in January. As a design criterion it is not allowed to have more that 70%
of ice because, in this case, the ice layers may not be detached from the heat exchanger
surface anymore and the evaporator temperature of the heat pump may be too low to run.

), the energy used to melt de floating ice at the surface of the ice storage (

melt,hx

Figure 2: Monthly energy flows (left axis) and maximum ice volume (right axis) in the ice storage for SISHP-
120A20 and SFH45 (left) and for SISHP-I30A45 and SFH100 (right).

The monthly system energy balance terms for SFH45 and SFH100 are presented in Fig. 3.

Figure 3: Monthly system energy flows for SISHP-120A20 and SFH45 (left) and for SISHP-I30A45 and SFH100
(right).
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Overall system performance table for SFH45 (I20A20) and for and SFH100 (I30A45).
SFH45 SFH100

Penalty Check
not more than 2% respective O.K. O.K.

Electrical consumption table for SFH45 (120A20) and for and SFH100 (I30A45).
SFH45  SFH100
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AquaPacSol — Solar assisted heat pump for domestic hot
water production

Summary written by: ~ Mircea Bunea 29/10/2013

Original report: Citherlet, S, Bony, J., Bunea, M., Eicher, S., Hildbrand, C., Kleijer,
A., 2013, Couplage d'une pompe a chaleur avec capteurs solaires
thermiques pour la production d’eau chaude sanitaire.

Goal or motivation of the simulation study

The AquaPacSol (APS) project aims to analyse the annual performance of a brine-to-water
heat pump (HP) combined with solar thermal collectors for domestic hot water (DHW)
production. The optimisation of components and operation parameters was performed.
Comparisons against modified design concepts were also investigated. In order to ensure a
comparison between this system and other systems in T44A38, a second HP for space
heating (SH) with borehole heat exchanger was simulated.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform TRNSYS Version 16.1. From the standard
boundary conditions defined for the IEA T44/A38, the following were used for these
simulations:

Climate(s) Building(s)
X Strasbourg X] SFH 15

X Helsinki X SFH 45

X Athens XI SFH 100
[] Davos

] Montreal

For the climate of Athens, only the SFH 100 building was simulated because the other two
buildings are not designed to have a heating system and the APS system needs a heating
distribution system as a backup for the DHW production

Type of system studied

Serial solar heat pump (SHP) for DHW with one solar collector. The corresponding letter
code is $0iSHPS ™ while its T44A38 flow chart and the hydraulic scheme can be found
in Figure 1 and Figure 2. When solar energy is not enough, the system has been designed

to extract energy from the building heating loop.

Report C3 — Annex G.10 09.12.2013 Page 1 of 6



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

Heating loop
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Figure 1: Flow chart of T44/A38. Figure 2: Hydraulic scheme of APS system.

Methods

Both heat pumps have been simulated with Trnsys Type 668 (Tess libraries). The SHP
performance parameters have been obtained from laboratory measurements while those of
the SH HP were taken from tests based on EN 14511:2004 and EN 14511:2007 carried out
by the WPZ (Warmepumpen - Testzentrum - Buchs) on HP Z4S1 from Zehnder Group AG.
Performance of the heat pumps are presented in Table 1 and Table 2. When the heat
demand changes, the thermal power of the SH HP changes, but the COP is constant for the
same operating temperatures. The borehole heat exchanger has been simulated with
TRNSYS Type 281 (Pahud. 2012) using the standard borehole parameters of T44A38. The
model of Perers et al. (2002) was used for the simulation of the solar thermal collectors with
parameters obtained from manufacturer’'s documentation or measured on the test bench
when not available. The DHW storage was simulated with TRNSYS Type 60f and validated
with laboratory measurements. The SH buffer storage was simulated with TRNSYS Type 4a
using parameters that are based on current practice. The size of this storage was adapted on
the thermal power of the SH HP, depending on the building and climate (see Table 4). The
overall (DHW HP + 300 | storage) TRNSYS model of the system was validated with
measurements performed on the laboratory testing facility. For further details please refer to
the original report.

0 o 0 0 o n o o n Lo n n
= h=h == REE 2R e et
o Lo n 0 o n Lo o o Lo n 0
— — N ™ — — N (32} — — N ™
m m m m [a0] m [a0] m m [a0] m m
COP [ 30|32 (39|45 |25 |28 (35|39 |21(23]|29]32 41 | 46 | 29 | 33 |37 | 26 | 29
Thermal power [kW] | 1.5 | 1.7 | 2.3 | 30 | 1.4 | 16 | 22 | 29 | 1.2 | 1.4 | 20 | 26 39 | 45 |32 |37 |42 |34] 40
Table 1: COP and thermal power of DHW HP Table 2: COP and thermal power of SH HP

Results & Conclusion
1. Optimisation of the APS system for the climate of Strasbourg and the SFH45 building.
1.1. Solar collectors

Four different solar collectors were considered: flat plate; evacuated tube collector (ETC);
unglazed selective collector (USC) without rear insulation and USC with rear insulation.
Simulation results show that the insulated unglazed collector perform best with this SHP
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system essentially because of convective heat gains when the collector temperature is below
the ambient temperature and because the first two collector types get often overheated.
Condensation did not occur because the temperature on the SHP evaporator was set above
8°C to avoid the switch off the HP due the low pressure on the refrigerant circuit. For a case
without solar collectors (No solar), simulations show around 6% loss on efficiency of the SHP
as the system will only operate with the space heating energy. More important differences
were observed for cases where the SH system was other than a high performance HP (eg.
gas boiler). Given that this SHP system is primarily designed for renovated buildings, with
less efficient heating systems, optimised operation must include a solar collector.

1.2. Other parameters of the SHP system

Other parameters investigated include the height of the temperature sensor in the DHW
storage, SHP operating schedule and anti-legionella cycle management. The resulted
optimised system was found to be one having an insulated unglazed collector, with a DHW
storage sensor at 26 cm high, operating best between 11am and 4pm, and, most importantly,
with the anti-legionella cycle performed with the SHP and not with its in-built electric heater
(as primarily designed for). Following this study, the optimised configuration became the
reference (Ref) and the results are shown in Figure 3.

Outputs

Figure 3: Total electric consumption per year and monthly energy balance for reference system after first step of
optimisation.

2. Comparison with different systems

In here the thermal energy for space heating included in calculation of SPF,,, and
SPFsp, pen s IS the theoretical building demand because of the dynamic interaction between
the heating system and the DHW system. In fact, it is very difficult to separate the part of
useful heat delivered by the SH HP and the waste heat delivered by the building to the DHW

HP.
2.1. Comparison of performance under different climates and buildings

In this case, the APS optimised system for the reference was used under different climates
and buildings. Good performances are observed for buildings with important heat loads due
to good performances of the SH HP, see Figure 3 left. For buildings with low heat demand,
the global performance is seen to be more influenced by the less efficient DHW system. The
electric energy consumption is also much lower in this case.
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2.2. Comparisons against modified designed concepts
Solar storage

In order to avoid overheating of collectors and optimise the solar yield, a small solar storage
was added to the reference configuration. The best configuration was found to be 75 | solar
storage connected to an ETC (Solar storage). Under these conditions, reductions of about
7% in the total electricity consumption were predicted when compared to the reference case,
see Figure 4 right.

Parallel system

A configuration was simulated where solar energy was delivered either directly into the DHW
storage or to the SHP. In this case (Parallel), the electric energy consumption was reduced
due to improved use of the solar energy (see Figure 4 right) which leads to a considerable
increase in the system efficiency (14% compared to the reference). The most suitable
collector is also seen to be the ETC.

Figure 4: Left: Comparison of results under different climates and buildings. Right: Comparison of results from
different system variants under the same boundary conditions (climate, heat load, DHW load).

The overall system performances are summarised in Table 3 and parameters describing the
different configurations are shown in Table 4. Complete set of results and corresponding
discussion can be found in the original report.

Solar

Ref (Str45) No solar Storage Parallel Str15 Str100 Ath100 Hel15 Held5 Hel100
SPF spp+ pen 3.17 3.00 3.39 3.63 2.43 3.44 251 2.70 3.36 321
SPFsyp. Without penalties 3.24 3.05 3.48 3.73 2.47 3.46 2.53 2.73 3.40 3.22
SPFp phw 2.63 2.76 2.98 2.64 2.63 2.79 2.68 271 2.75 2,77
SPFp s 5.15 5.16 5.16 5.15 5.18 4.44 4.18 4.28 4.64 3.78
Env. Indicators per useful kWh heat
GWP;40 gCO2/kWh 164.15 17377 153.67 143.62 21464 151.32 207.70 19324 155.16 162.25
Primary Energy non renewable, PERyg kWh /kWh 0.91 0.96 0.85 0.79 1.19 0.84 1.15 1.07 0.86 0.90
Primary Energy renewable PERg kwWh /kwh 0.09 0.10 0.09 0.08 0.12 0.09 0.12 0.11 0.09 0.09
Primary Energy total (PER) kwh/kwh 1.00 1.06 0.94 0.88 131 0.92 1.27 118 0.95 0.99
Useful heat
DHW - domestic hot water kwh 1'963 1'963 1963  1'963 1'963 1'963 1553 2262 2'262 2262
SH - space heat kwh 6'476 6'476 6'476  6'476 2474 14021 3115 5846 13197 25565
Total kWh 8'439 8'439 8439 8439 4'437  15'984 4'668 8108 15459 27'827
Used Electricity
System kWh 2'604 2'765 2427  2'262 1'794 4'624 1844 2971 4547 8638
Penalty DHW kwh 18 18 19 23 17 18 17 19 19 20
Penalty Space Heat kwh 37 32 44 41 16 0 - 18 39 7
Total kwh 2'659 2'815 2489  2'326 1'828 4'642 1'861 3007 4'604 8666
Penalty Check
not more than 2% respective O.K. O.K. O.K. O.K. O.K. 0K. " OK. O.K. O.K. O.K.

Table 3: Overall system performance table
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Ref  Nosolar 3% parallel  Str15  Str100  Ath100  Hell5  Held5  Hel100
(Str45) Storage
Collector type usc - ETC ETC usc usc usc usc usc usc
Collector a[’ri?](absorber) 2.03 0 2 2 2,03 2,03 2.03 2,03 2.03 2,03
Buffer storage [m’] 0.2 0.2 0.2 0.2 0.2 0.4 0.2 0.2 0.4 0.8
Solar storage [m3] 0 0 0.075 0 0 0 0 0 0 0
SH HP thermal power at
BOWS35 [kW] 3.9 3.9 3.9 3.9 3.9 7.3 3.9 3.9 6.3 10.9
Borehole length [m] 84 84 84 84 49 2X90 84 75 2X95 4X95
_— : : Series/ : : : : : :
Type of combination Series - Series parallel Series Series Series Series Series Series
aralle
Power of SH HP pumps 105 105 105 105 75 135 105 83 103 155
(evap. + condenser) [W]

Table 4: Parameters of different configurations

The behaviour and performance of the DHW HP is not very influenced by the type of building
or climate. This makes the system performance prediction easy to calculate under any
circumstances.

Overall, annual simulations have shown that the APS system is a competitive system on the
market for DHW production. A non-negligible performance increase of the system is
observed when allowing the solar collector(s) to directly load the DHW storage.
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Seasonal Performance of a Combined Solar, Heat Pump
and Latent Heat Storage System

Summary written by:  Christian Winteler, 06.11.2013

Original report/paper  Winteler, C., Dott, R., Afjei T. & Hafner B., 2013. Seasonal
Performance of a Combined Solar, Heat Pump and Latent Heat
Storage System. In: Proceedings of the 2nd International
Conference on Solar Heating and Cooling for Buildings and
Industry.

Goal or motivation of the simulation study

Aim of this study is to investigate the seasonal performance of a combined solar, heat pump
and ice storage system for buildings with different heat loads and to compare it to the
average annual SPF of systems with borehole heat exchangers of around 4.0.

Climate, heat load and simulation platform

The simulations have been carried out with the reference boundary conditions of the IEA
SHC Task 44 / Annex 38 (T44A38) on the platform Matlab/ Simulink (Version 2011b). A
platform intercomparison check has been performed [1]. From the standard boundary
conditions defined for the IEA T44/A38, the following were used for these simulations:

Climate(s) Building(s)
X Strasbourg X SFH 15
[ Helsinki [X] SFH 45
[ Athens X] SFH 100
[] Davos

] Montreal

A simplified DHW tapping profile of only three tappings per day (07:00, 12:00 and 19:00)
corresponding to an average draw-off of 140 I/d at 45 °C or 5.845 kWh/d (2133 kWh/a) was
used. The space heat control (variant "c" in [1]) results in an increased space heat demand.

Type of system studied
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Methods

All simulations are performed with MATLAB®/SIMULINK® in combination with the CARNOT
Blockset [2], an extension for the calculation and simulation of thermal components of
heating systems. All simulation results are annual values from July to July with 300 days
preconditioning, corresponding to one full heating period. Heat loads are simulated with the
simple house model from the CARNOT Blockset parameterized according to the building
definitions from IEA HPP Annex 38 / SHC Task 44. The Isocal solar ice system [3] consists
of Isocal SLK-S pipe absorber modules and an Isocal SES ice storage.

The absorber is modeled as described in [4] and parameterized according to the data in [3].
Effects of condensation as well as freezing/frosting are not taken into account. The model
has been validated through laboratory tests both with and without irradiation. For the
brine/water heat pump the generic heat pump model from the CARNOT Blockset is used with
performance data of Viessmann Vitocal 300 G BW series models [5] BW 301.A06 (6 kW), for
SFH15 and SFH45, and BW 301.A08 (8 kW) for SFH100. The storage tank model is a
CARNOT multiport model with specifications of a Viessmann Vitocell 100-V CVW [6]. All
simulation models and applied parameter data sets have furthermore been validated through
field test measurement data. Component dimensions are listed in Table 1.

Table 1: Configuration of system simulation components.

A38T44 Solar absorber surface | Ice storage volume | DHW storage volume
building type [m?] [m?] [m?]

SFH15 10 10 0.39

SFH45 10 10 0.39

SFH100 20 10 0.39

Results & Conclusion

The simulation study yields good seasonal performance factors for all system configurations.
Since the direct electric backup heater is very inefficient in generating heat, it should be used
as little as possible or better not at all. In all presented simulations, the ice storage did not
freeze completely which in turn means that the source temperature did not drop below the
operational limit of the heat pump and hence no direct electric heating was necessary.

Strasbourg

— 6'000
r=s 3.38 SPE
E SHP+,pen
= 5000
.g Heat Pump Source Pump
E- 4'000 Solar Controller

a Solar Pump

g 3000 3.43

o u DHW penalty

5 u Space heat penalty
o 2'000 DHW Pump

o 3.50 )
k) ® Heat Distr. Pump
‘E 1'000 . ® Heat Pump
°

[

0 ‘ ‘ ‘

SFH15 SFH45 SFH100

Figure 1:Comparison of the electric energy consumption of the combined solar-ice storage-heat pump
system for different heat loads.
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Due to the high insulation quality of SFH15, very little heat is needed for space heating and
in turn the share of heat generated for DHW preparation is around 40 %. Since significantly
higher temperatures are needed for DHW preparation, this has a lowering effect on the SPF.
For SFH100, where a radiator heating system is used, flow and return temperatures are
higher than for floor heating systems. This in turn leads to a reduction of the SPF. In addition,
the higher the thermal power of the heat pump, the higher source mass flow rates are
needed. To provide these mass flow rates more powerful pumps are needed which also
consume more electric energy and therefore the SPF is reduced.

Figure 1 shows a comparison of the electric energy consumption of the heat generation
system for the three different heat loads that were used. The consumption of electric energy
clearly increases with increasing heat load. However, the major consumer of electric energy
is in all cases the heat pump.

Figure 2 shows the monthly energy balance of the ice storage in the SFH45 simulation. From
May to October the ice storage is warmer than the surrounding ground and loses heat to the
ground. At the same time the highest solar gains occur, but are almost completely lost to the
ground except for some heating of the water occurring in May. At the beginning of the
heating period (October until March), the ice storage is quickly cooled below ground
temperature (in October and November) resulting in heat gains from the ground during the
rest of the period. While latent heat is extracted from November to January, thawing already
starts in February and ends somewhere around April. Outside the heating period, only little
heat is extracted from the ice storage by the heat pump.

800
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Energy [kWh]

-400
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-800
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O heat phase change - ice storage M heat ground - ice storage

O heat solar - ice storage M heat HP - ice storage

Figure 2: Monthly energy balance of the ice storage of simulation SFH45. Heat exchange is depicted on the
ordinate axis, subdivided into the different exchange partners. Positive values indicate heat flow to the ice
storage. Phase change gains (losses) describe energy released (lost) through cooling (heating) or freezing
(thawing) of water/ice.
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overall system performance table

SFH15 SFH45 SFH100

Penalty Check
not more than 2% respective O.K. O.K. O.K.

electric energy table
SFH15 SFH45 SFH100

thermal energy table
SFH15 SFH45 SFH100

Solar Collectors to Primary Storage _—
Solar Collectors to HP
TOTAL Thermal Energy Input 4268.00 7602.52 14636.56

TOTAL Thermal Energy Output 5075.00 9092.00 17983.00
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Cost effective and energy efficient heating systems for
Passive Houses with heat pump and solar thermal
domestic hot water preparation

Summary written by:  Fabian Ochs, November 2013

Original report/paper  Ochs F., Dermentzis G., Siegele D., Feist W., Loose A. Driick H.,
2014, Thermodynamic analysis of ground coupled heat pumps
with solar thermal regeneration - monitoring and simulation
results, IEA Heat Pump Conference 2014, Montreal (abstract
accepted, paper in preparation)

Goal or motivation of the simulation study

The purpose of the study is to investigate the benefit of solar regeneration of the ground as
source for ground coupled heat pumps. As reference an air-sourced heat pump systems is
taken. Several ground sourced heat pump systems are investigated: vertical GHX,
horizontal GHX, basket type GHX and trench type GHX as well as building integrated GHX.
The investigations are performed with the SFH15. For comparison the SFH45 is simulated
with a vertical GHX.

Climate, heat load and simulation platform

The simulations have been carried with the reference boundary conditions of the IEA SHC
Task 44 / Annex 38 (T44A38) on the platform Matlab/ Simulink Version R 12b Carnot 5.3. A
platform intercomparison check has been performed (Ochs F. 2012). In the CARNOT
Blockset for Matlab/Simulink two building models are available: A detailed 2*-building model
and a simplified 1* lumped capacity building model. Results have been compared using two
types of air-to-water heat pumps. All other results have been produced using the 1* lumped
capacity model.

From the standard boundary conditions defined for the IEA T44/A38, the following were
used for these simulations:

Climate(s) Building(s)
X Strasbourg X SFH 15
ClHelsinki XISFH 45
[ Athens [ SFH 100
] Davos

] Montreal

The heating system is controlled using an on/off controller with the operative temperature as
target temperature. The heat pump (air/water or brine/water) is directly connected to the
floor heating system (TABS). No storage is used. The mass flow of the heating circuit is
constant (i.e. not controlled according to ambient temperature).

Solar domestic hot water preparation with different solar thermal fractions and direct electric
backup is investigated (collector area from 10 to 30 m?). In order to match the required
tapping temperature of 45°C or 55 °C, respectively, the set point of the storage temperature
is set to 60 °C. Hot water preparation is realized using domestic hot water storage.
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Type of system studied

Reference: air sourced heat pump and solar domestic hot water preparation (with direct
electric backup)

seisHpA

Ground source HP and solar DHW preparation (with direct electric backup)

SKsSHP®

Ground source HP with solar regeneration and DHW preparation (with dir. el. backup)
SKsSHP®

Reference: Air source HP and solar domestic hot Ground source HP and solar domestic hot water
water preparation preparation, optionally with solar regeneration
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Figure 1: Hydraulic scheme of system with ground sourced HP with solar regeneration and
solar domestic hot water preparation
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Remarks: Solar Regeneration and DHW preparation are simulated independently. For the
solar regeneration it is assumed that the collectors deliver energy to the ground if the flow
temperature of the collector is between 20 and 30 °C but only if the 24h floating average of
the ambient temperature is smaller than 12 °C. Variants are investigated where the solar
regeneration is increased (flow temperature of the collector between 20 and 40°C or 20 and
50°C, respectively).

Ground heat exchanger

Several types of ground heat exchangers are investigated as summarized in Figure 2.

VGHX HGHX HGHX int. GHX int. energy basket
1 probe (2U) meander type 10 ... 200 | integr. into building 1, 2, 4 parallel
25..125m m2, 1, 2, 4 parallel basement, 70 | integrated, baskets 200 m,
pipes, depth 1. 5 m m?2, 2 parallel surrounding, depth 2.5 m
spacing 0.2 m spacing 0.175 | with cellar 2
m, 30 cm parallel pipes
insulation with 44 m each

Figure 2: types of ground heat exchanger (SFH and GHX, front view)
Methods

Standard components of the CARNOT Blockset have been used for the simulation (if not
mentioned otherwise). All standard models are cross-validated against TRNSYS models (see
Rel} 2010).

The ground heat exchanger models have been developed based on finite difference (HGHX,

VGHX) or finite element method (basket, trench) and have been validated against measured

data and or cross validated against other simulation models (HGHX: Peper et al. 2011, Ochs
et al. 2011, Ochs et al. 2011 (b); VGHX Ochs et al. 2013, basket type Ochs 2012). Remarks:

For the VGHX the initialization has significant influence. In case of basket type GHX and
HGHX freezing has significant influence.

The air-source heat pump has been simulated with the standard model of CARNOT (Hafner,
2005) and with a model described in (Dermentzis 2012). The parameters have been taken
from literature (WP Testzentrum Buchs) and scaled to match the required heating power.
Performance maps of the heat pumps are summarized in table 1. The borehole has been
simulated with CARNOT EWS (Huber et al. 2005, Bianchi 2006, Ochs et al. 2013) using the
following borehole parameters: bore diameter 0.180 m pipe diameter 0.032 m pipe spacing
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0.1293 m. The initial temperature for the VGHX is calculated in a pre-processing step
applying the equations according to (Huber et al. 2005).

The standard collector model of CARNOT has been used for the simulation of the solar
thermal collectors (parameters: np = 0.8; a; = 3.5; a, = 0.02) and the solar water store (with
0.07 m3/m2FC) has been simulated with the CARNOT model (Hafner, 2005) with the
parameters that are based on current practice observed by the authors.

All simulations are performed with an initialisation time of 4 month.

Table 1: COP performance map a) good air sourced heat pump, b) normal air sourced heat
pump c) good brine heat pump and d) normal brine heat pump

Air source: a) b) Brine source: c) d)
e Snk cop Syre Snk cop
°C °C - - °C °C - -
-15 35 2.6 2.0 0 35 4.9 4.1
-7 35 31 2.6 5 35 5.5 4.6
2 35 3.9 3.3 -5 45 3.1 2.9
35 4.7 3.9 0 45 3.6 3.3
10 35 5.0 4.4 5 45 4.1 3.7
7 45 3.6 3.2 0 55 2.8 2.6
-7 55 2.1 1.5 5 55 3.2 2.9
7 55 2.9 2.4
20 55 3.7 3.0

Results & Conclusion

Results are calculated using Matlab according to the method described in Deliverable C4.1
of T44A38 that establishes what is included in the electric energy and in the thermal energy

for calculating SPFy., , SPFy,,. ., etc..

Solar Domestic hot water preparation

Solar fraction and specific collector yield for the domestic hot water preparation as a function
of the collector area are plotted in figure 3. For the further investigation a collector area of
10m?2 is assumed, which delivers reasonable to good solar fraction of 73 % (1-Backup/DHW).
Considering the direct electric backup including aux. energies (solar pump and controller) a
SPFDHW = QDHW/PeI,DHW: 3.42 is obtained.

100% 300
80% /l’ - 250 =
X N~ - 200 g
. 60% ~— =
< 40% — 3
- 100 =
(o]
20% - 50 o©

0% 0

0 5 10 15 20 25 30 35
A/ [m?]

Figure 3: Solar fraction (1-Backup/DHW) and specific collector yield for the domestic hot
water preparation as a function of the collector area.
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Space Heating

For very efficient buildings such as a Passive House (SFH15) cost effective heating systems
can be realized. The investigated system consists of an air or ground sourced heat pump for
heating. With a heat pump directly connected to the floor heating system very low flow
temperatures can be realized resulting in good performance for all types of sources (air and
ground). However, in particular for ground coupled heat pumps a well dimensioned system
(heat pump power matched to load of the building and ground heat exchanger size as well as
very efficient circulation pump) is required.

Independent of the type of ground heat exchanger, ground sourced heat pumps with tightly
dimensioned GHX do perform as good/bad as air sourced heat pumps. Figure 4 shows the
total electric consumption for different length of GHX (VGHX and basket type GHX).

600 600 T
2 baskets
500 500 ———— =
ﬂ
= 400 — = 400
z Z
300 300 —— 1 basket |
] ]
2 200 2 200 4 baskets |
}
100 el total el. consumption | 100 el total el. consumption ||
ampmm ¢|. demand hp ampmm c|. demand hp
0 T 0 T T T

0 50 100 150 0 200 400 600 800 1000
a) VGHX L/ [m] b) basket L/m]
Figure 4: electric consumption with and without brine pump and control as (a) a function of

the borehole depth (b) a function of the number of parallel baskets (1: 200 m, 2: 400 m and
4: 800 m)

The monthly electrical energy consumption for domestic hot water and heating inclusive
auxiliary energies is shown in figure 5.

400 400
H Control M Brine Pump
350 350 R H Control
| Heat Pump B =
300 H 300 Heat Pump |
W Aux
= 250 + N = 250 - B Aux L
E M Backup E M Backup
2200 1 —¢ — = 200 —
o ] = [
2 150 2 150
100 100
50 — 50 —
0 - 0 -

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12

a) air b) VGHX 50 m

Figure 5: Monthly electrical energy consumption for domestic hot water and heating inclusive
auxiliary energies for (a) the air sourced heat pump (b) a ground sourced heat pump (50 m
VGHX).

Solar regeneration cannot be recommended generally. Solar regeneration should only be
applied in case of compact ground heat exchangers such as basket type GHX or building
integrated HGHX. If the heat pump is used for heating only (or used in combination with a
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solar thermal system which delivers DHW demand to a significant share in summer), solar
regeneration is only beneficial in autumn and winter (i.e. as heat dissipates if injected into the
ground no more than 1 month before heating season starts). Minimization of aux. energies
(brine/solar pump and control) is of major importance. Even if the heat pump SPF can be
slightly improved, the system SPF is not necessarily increasing due to parasitic energies.
Figure 6 shows the monthly el. energy consumption with and without solar regeneration for
50 m VGHX and a basket type GHX.

Different regeneration set points are investigated: 20-30: Solar injection if flow temperature of
solar collector is between 20 °C and 30 °C (only if heat pump is not in operation and if the
floating average of the ambient temperature is below 12 °C, i.e. in winter). 20-40 and 20-50:
if the flow temperature is between 20 °C and 40 °C or 50 °C, respectively.

160 300
m ref = 20-30 20-40 = 20-50 m ref m20-30 m 20-40 m 20-50
140 | |
250 -
120 -
200 -
= 100 =
2 2
Z 80 =150 -
3 o]
2 60 2
100 -
40 - !
50 -
20 - .
0 - — . 0 - I'-

1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
a) VGHX b) basket type GHX
solar injection: solar injection:

20-30: 355 kwWh, 20-40: 354 kWh, 20-50: 493 kWh 20-30: 437 kWh, 20-40: 639 kWh, 20-50: 837 kWh
Figure 6: Monthly total electricity demand for heating (W) for the reference case (without
solar regeneration) and for three different control set points for (a) 50 m VGHX and (b)
basket type GHX

In case of the building integrated HGHX the heating demand increases due to the decreased
ground temperature as a result of the operation of the heat pump, see fig. 7.
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Figure 7: Heating demand in case of the integrated HGHX without solar regeneration (ref)
and with regeneration (20-30, 20-40, 20-50) and for the heating demand of the SFH15 with
air sourced heat pump.
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In figure 8 the relative change of SPFHP and SPH+cating)pen fOr different regeneration set
points is shown for different types of ground heat exchanger.

1.14 [ SPFHP W SPFSHP+,Heating, pen 114 8 SPFHP W SPFSHP+,Heating, pen
1.12 1.12
1.10 1.10
‘S G
& 1.08 4 1.08
wv wv
P o
& 1.06 & 1.06
1.04 1.04
1.02 1.02 i
1.00 . . 1.00 . - . - .
20-30 20-40 20-50 ref 20-30 20-40 20-50
a) HGHX 200 m b) VGHX 50 m
1.14 _hSPFHP B SPFSHP+,Heating, pen 1.14 _hSPFHP B SPFSHP+,Heating, pen
1.12 1.12
1.10 1.10
® ®
& 1.08 % 1.08
wv wv
P P
& 1.06 & 1.06
1.04 1.04
1.02 1.02
1.00 ; 1.00
20-30 20-40 20-50 20-30 20-40 20-50
c) basket type GHX d) building mtegrated HGHX

Figure 8: relative change of SPFup and SPH+ (eaing) pen fOr three different control set points of
solar regeneration for (a) HGHX, (b) VGHX, (c) basket and (d) building integrated HGHX

Final conclusions:

1) The suggested system of a solar domestic hot water preparation with direct electric
backup and an air sourced or ground coupled heat pump directly connected to the floor
heating system is feasible for the SFH15.

2) For very efficient buildings such as the Passive House, very low total electric consumption
can be obtained. The suggested system is simple and relatively low cost.

3) Several types of GHX have been compared. If the GHX is efficiently i.e. tightly
dimensioned the performance of the different GHX types differs only slightly. In this case
ground coupled heat pumps do not perform much better than air sourced heat pumps.

4) Solar regeneration is not generally recommendable. Minor improvement can be obtained
in case of compact GHX (such as basket) and building integrated HGHX. For the letter one
the heating demand increases due to the lower ground temperature. This effect can be
slightly reduced by solar regeneration. Optimized control strategy and set points are
required. Solar injection should be limited to autumn and winter (and early spring). Very
efficient circulation pumps (brine and solar) are required.
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2*-building 1* lumped
model capacity SFH15 SFH15 SFH45 SFH45
air air air air Ref Ref Ref Ref
typel typell typel typell (airl) (airll) (airl) (airll)
SPFsHp+ pen 3.92 3.62 4.02 3.71 3.73 3.73 3.90 3.96
SPFshp+ Without penalties 3.93 3.63 4.05 3.73 3.77 3.76 3.91 3.97
SPFup 491 4.10 5.20 4.30 4.53 4.31 4.17 4.28
SPFstp+,Heating, pen 4.49 3.81 4.77 4.00 434 399 403 419
Useful heat
DHW kWh/a 2166.7 2166.7 2166.7 2166.7 2163.7 2163.7 2163.7 2163.7
space heat kWh/a 2332.7 2337.6 2472.1 2442.7 2368.7 2483.0 6696.3 6613.7
Total kWh/a 4499.4 4504.3 4638.8 4609.4 4532.4 4646.7 8860.0 8777.4
Used Electricity
System kWh/a 11455 1239.8 1144.6 1237.3 1201.0 1237.0 2268.7 2211.0
Penalty DHW kwh/a 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Penalty Space Heat kWh/a 0.1 0.0 7.2 3.4 9.7 2.2 0.1 0.1
Total kWh/a 1148.6 1242.8 1154.9 1243.8 1215.7 12443 2273.8 2216.1
Penalty Check
not more than 2% respective O.K. 0.K. O.K. 0.K. 0.K. 0.K. 0.K. 0.K.
El. to Heat Pump kWh/a 475.2 5705 4740 567.8 520.8 575.6 1605.8 1545.2
El. Backup to DHW kWh/a 543.3 543.3 543.3 543.3 543.3 543.3 543.3 5433
El. Brine Pump kWh/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
El. to Solar Pump kWh/a  38.9 38.9 38.9 38.9 38.9 38.9 38.9 38.9
El. to Heat Distr.Pump kWh/a 22.4 21.5 22.8 21.7 32.4 13.6 15.0 17.9
El. to DHW penalty kwh/a 3.0 3.0 3.0 3.0 5.0 5.0 5.0 5.0
El. to Space heat penalty kWh/a 0.1 0.0 7.2 3.4 9.7 2.2 0.1 0.1
El. to Controllers kWh/a  65.7 65.7 65.7 65.7 65.7 65.7 65.7 65.7
El. to Pump Hot Side kWh/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Electricity Input kWh/a 1148.6 1242.8 1154.9 1243.8 1215.7 1244.3 2273.8 2216.1
Air/Ground to HP kWh/a 1857.4 1767.1 1990.8 1871.5 1838.2 1905.2 5090.4 5068.4
Solar Coll. to Ground kWh/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solar Coll. to Sec. Storage kWh/a 2426.3 2426.3 2426.3 2426.3 2426.3 2426.3 2426.3 2426.3

TOTAL Thermal Energy Input kWh/a 4417.1 4297.8 4283.7 4193.4 4264.5 4331.5 7516.7 7494.7

Report C3 — Annex G.12 11.03.2014 Page 8 of 14



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

SFH45 SFH15
VGHX VGHX VGHX VGHX VGHX VGHX VGHX
75m 100m 25m 50 m 75m 100m 125m
SPFstp+ pen 4.70 4.85 4.12 4.36 4.47 4.57 4.60
SPFshp+ Without penalties 4.73 4.88 4.14 4.40 4.50 4.60 4.63
SPFwp 5.85 6.21 5.71 6.74 7.20 7.48 7.72
SPFsHp+ Heating, pen 5.58 5.91 5.44 6.45 6.85 6.75 7.03
Useful heat
DHW kWh/a 2163.7 2163.7 2163.7 2163.7 2163.7 2163.7 2163.7
space heat kWh/a 6482.4 6421.7 2378.7 2310.4 2327.5 2441.6 2405.3
Total kWh/a 8646.1 8585.4 4542.4 4474.1 4491.2 4605.3 4569.0
Used Electricity
System kwh/a 1828.4 1760.5 1097.9 1017.7 997.9 1002.1 987.2
Penalty DHW kWh/a 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Penalty Space Heat kWh/a 4.6 4.1 0.1 4.6 0.7 1.4 1.5
Total kWh/a 1838.0 1769.6 1103.0 1027.3 1003.6 1008.5 993.7
Penalty Check
not more than 2% respective O.K. O.K. O.K. O.K. O.K. O.K. 0.K.
El. to Heat Pump kWh/a 1107.3 1033.4 416.6 342.1 323.2 326.2 3114
El. Backup to DHW kWh/a 543.3 543.3 543.3 543.3 543.3 543.3 5433
El. Brine Pump kWh/a 42.1 50.9 1.8 2.8 3.9 5.1 6.1
El. to Solar Pump kwh/a 389 389 389 389 389 389 389
El. to Heat Distr.Pump kWh/a 31.2 28.3 31.7 24.9 23.0 22.9 21.8
El. to DHW penalty kWh/a 5.0 5.0 5.0 5.0 5.0 5.0 5.0
El. to Space heat penalty kWh/a 4.6 4.1 0.1 4.6 0.7 1.4 15
El. to Controllers kWh/a  65.7 65.7 65.7 65.7 65.7 65.7 65.7
El. to Pump Hot Side kwh/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0
TOTAL Electricity Input kWh/a 1838.0 17696 11030 1027.3 1003.6 10085 993.7
Air/Ground to HP kWh/a 5370.5 5384.2 1962.0 1963.7 2003.6 2114.0 2092.4
Solar Coll. to Ground kWh/a 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Solar Coll. to Sec. Storage kWh/a 2426.3 2426.3 2426.3 2426.3 2426.3 2426.3 2426.3
TOTAL Thermal Energy Input kWh/a 7796.8 7810.5 4388.3 4390.0 4429.9 4540.3 4518.7
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SFH15

basket

Penalty Check

not more than 2% respective O.K.
El. to Heat Pump 458.3
El. Backup to DHW 543.3
El. Brine Pump 30.1
El. to Solar Pump 38.9
El. to Heat Distr.Pump 36.0
El. to DHW penalty 5.0
El. to Space heat penalty 20.3
El. to Controllers 65.7
El. to Pump Hot Side 0.0
TOTAL Electricity Input 1197.5

basket (2p)

O.K.

381.6
543.3
47.0
38.9
28.2
5.0
7.2
65.7
0.0

1116.8

basket (4p)

O.K.

330.1
543.3
79.0
38.9
23.7
5.0
4.2
65.7
0.0
1089.8

HGHX

O.K.

390.9
543.3
24.3
38.9
29.2
5.0
0.1
65.7
0.0
1097.3

HGHX (2p)

O.K.

329.4
543.3
39.2
38.9
235
5.0
4.1
65.7
0.0
1049.0

TOTAL Thermal Energy Input 4296.2

4448.5

44104

4439.2

44321
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SFH15 ref 20-30 20-40 20-50 20-60
VGHX50m VGHX50m VGHX50m VGHX50m VGHX50m

Penalty Check

not more than 2% respective O.K. O.K. O.K. O.K. O.K.
_ KWhia 342.1 356.8 355.0 339.1 337.3
_ KWh/a 543.3 543.3 543.3 543.3 543.3
_ KWhia 2.8 2.9 2.9 2.8 2.7
_ KWhia 38.9 51.2 57.1 64.1 67.8
_ KWhia 24.9 25.8 25.7 245 24.3
_ KWhia 5.0 5.0 5.0 5.0 5.0
_ KWhia 46 5.0 5.0 5.0 5.2
_ KWhia 65.7 65.7 65.7 65.7 65.7
_ KWhia 0.0 0.0 0.0 0.0 0.0

TOTAL Electricity Input kWh/a 1027.3 1055.7 1059.6 1049.4 1051.3

Solar Coll. to Ground

TOTAL Thermal Energy KWh/a 4390.0 4844.0 5018.0 5156.0 5308.3

Solar Coll. to Sec. Storage

Input
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SFH15

SPFSHP+,pen

SPFsup+ without penalties

SPFup

SPFSHP+,Heating, pen

Useful heat
DHW
space heat

Total

Used Electricity

System

Penalty DHW
Penalty Space Heat
Total

Penalty Check

not more than 2% respective

El.
El.
El.
El.
El.
El.
El.
El.
El. to Pump Hot Side

TOTAL Electricity Input

to Heat Pump
Backup to DHW

Brine Pump

to Solar Pump

to Heat Distr.Pump

to DHW penalty

to Space heat penalty

to Controllers

Air/Ground to HP
Solar Coll. to Ground

Solar Coll. to Sec. Storage
TOTAL Thermal Energy Input kWh/a

ref

HGHX

4.14
4.16
6.08
5.42

kWh/a
kWh/a
kWh/a

kWh/a
kWh/ia 3.0
kWh/a 0.1
kWh/a

O.K.

kWh/a
kWh/a
kWh/a
kWh/a
kWh/a
kWh/a 5.0
kWh/a 0.1
kWh/a  65.7
kwh/a 0.0
kWh/a

395.4
543.3
24.6
38.9
29.5

kWh/a
kwh/a 0.0
kWh/a

20-30 20-40 20-50

HGHX HGHX HGHX

regen. regen. regen.
4.13 4.12 4.12
4.17 4.17 4.17
6.33 6.36 6.36
5.53 5.54 5.55

2163.7 2163.7 2163.7 2163.7
2403.9 2411.4 2418.4 2417.0
4567.6 4575.1 4582.1 4580.7

1097.3 1096.3 1099.7 1098.9

3.0 3.0 3.0
7.6 7.6 7.6

1102.4 1108.9 1112.4 1111.6

O.K. O.K. O.K.
379.7 379.1 37838
543.3 543.3 5433
23.5 23.4 23.4
55.9 60.2 59.6
28.2 28.1 28.1

5.0 5.0 5.0
7.6 7.6 7.6
65.7 65.7 65.7
0.0 0.0 0.0

11024 1108.9 11124 1111.6

2008.4 2024.1 2031.7 2030.6

1073.8 1436.4 14315

2426.3 2426.3 2426.3 2426.3
4434.7 5524.1 5894.5 5888.4

ref

HGHX
integrated

4.40
4.45
7.26
5.55

2163.7
2626.9
4790.6

1076.7
3.0
6.1

1087.8

O.K.

361.0
543.3
42.4
38.9
25.4
5.0
6.1
65.7
0.0
1087.8

2259.8
0.0
2426.3
4686.1

20-30 20-40 20-50
HGHX HGHX HGHX
integ. integ. integ.
regen. regen. regen.
4.36 4.32 4.32
4.39 4.35 4.35
7.49 7.55 7.56
6.04 6.28 6.29

2163.7 2163.7 2163.7
2505.9 2420.9 24223
4669.6 4584.6 4586.0

1063.8 1054.1 1054.4
3.0 3.0 3.0
13 1.7 1.7

1070.1 1060.8 1061.1

O.K. O.K. O.K.
334.4 3204 320.2
543.3 543.3 5433
38.9 37.2 37.2
58.2 65.2 65.7
23.3 22.3 223

5.0 5.0 5.0
1.3 1.7 1.7
65.7 65.7 65.7
0.0 0.0 0.0
1070.1 1060.8 1061.1

2170.2 2098.8 2100.4
1108.8 1608.1 1660.5
2426.3 2426.3 2426.3
5705.3 6133.2 6187.2
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ref 20-30 20-40 20-50
basket w\ basket w\o basket w\o basket w\o basket w\o

SFH15 HP type ¢ ice ice regen. regen. regen.

Penalty Check
not more than 2% respective OK OK OK OK OK

EltoHeatPump  kwhia 5521 614.7 578.0 5475 541.2
El.BackuptoDHW  kWhia 5433 543.3 543.3 543.3 543.3
El.BrinePump  kWha 242 27.9 25.9 24.6 24.4
EltoSolarPump  kwhia 389 38.9 49.4 56.3 63.8
El.toHeatDistPump  kWhia 242 27.9 25.9 24.6 24.4
ELtoDHW penaly ~ kwhia 3.0 3.0 3.0 3.0 3.0
El.to Space heatpenalty  kwhia 25 323 31.9 117 105
EltoControllers  kwWhia 657 65.7 65.7 65.7 65.7
EltoPumpHotSide  kwhia 0.0 0.0 0.0 0.0 0.0
TOTAL Electricity Input KWhia  1253.8 1353.8 1323.1 1276.8 1276.3

Solar Coll. to Ground
Solar Coll. to Sec. Storage
TOTAL Thermal Energy Input  kWh/a 4288.6 4184.8 4706.7 4829.1 4987.2
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Impact of Condensation on Uncovered Collectors

Summary written by:  Erik Bertram, March 2013

Original report/paper  Bertram, E., Stegmann, M., Scheuren, J. & Rockendorf, G., 2010.
CONDENSATION HEAT GAINS ON UNGLAZED SOLAR
COLLECTORS IN HEAT PUMP SYSTEMS. In: Proceedings of
EuroSun 2010 International Conference on Solar Heating, Cooling
and Buildings, Graz, Austria.

Goal or motivation of the simulation study

A collector model for unglazed/uncovered collectors including condensation is simulated
with long-term system measurement data. Subsequently, the impact of condensation on the
seasonal performance is assessed in system simulations.

Characteristics of the annual heat (or cold) load to be met

type of building Single family house Dynamic building simulation
with file “SFH 60" of IEA SHC Program Task 26
climate Kassel, Germany (Test Reference Data TRY)
Annual solar irradiation on the horizontal: 883 kWh/m?
Annual average of the ambient temperature: 8.6 °C
DHW 2530 kWh/a
Space heat 8421 kWhl/a

Type of system studied

The simulated and measured system is written in letter code as G,Sf1°1§5HP’s(1;éiks-

Sun Ground
\ Al
| P
Uncovered I
Collector

o
T
So
ER
3 8

=2
[ ]

System Concept with uncovered metal roof —* Driving Energy
Collector and ground heat exchanger - et
(Limburg an der Lahn, Germany) . » Refrigerant

Methods

The system simulations have been performed with TRNSYS 16. The uncovered collector
model for steady state performance according to EN 12975-2 is used and extended by
condensation effect. Further information on collector model validation from laboratory and

Report C3 — Annex H.1 Date: 15.11.2013 Page 1 of 2



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

field measurements can be found in (Eisenmann et al. 2006), (Bertram et al. 2008),
(Stegmann et al. 2011).

The impact of condensation is assessed in two different ways. First, the measured
meteorological data and collector inlet conditions are used as input for the collector model.
This allows assessing the condensation effect in the course of the year under real operation
conditions. Second, a dynamic system simulation is conducted independently from the
measurement. These simulations are conducted twice: One simulation including
condensation and one without condensation in the model. In addition to that, the ground heat
exchanger length is varied to include the aspect of different collector operation temperature
levels.

The seasonal performance factor is calculated related to the condenser heat. The used SPF
is the SPFp.

Results

Measurements and simulations demonstrate that the examined system is barely influenced
by condensation heat gains. The improvement of the seasonal performance factor is 0.015.
Simulations with measured system data reveal a low condensation fraction of the collector
yield of 3.7%. Figure 1 shows the simulation results with and without condensation. These
improvements suggest for other systems, that the shift in the operation temperature through
the additional condensation heat gain is small. Correspondingly, if condensation is
respected, simulation results will not change substantially if compared to the characterization
without condensation.

However, the results are obtained for central European climate and system with serial
connection of ground heat exchanger and uncovered collector. It has been shown that
condensation significantly affects the absolute collector yield in the winter with a fraction of
13% and even more strongly on particular days with up to 30%. Consequently, the impact of
condensation should not be categorically neglected. More impact of condensation might be
expected especially for systems in warmer and more humid climates and/or in systems with
the collector as only heat source.

TITT [T I [T T T[T [T [ TITor[TIoT

+— without condensation
—-o—- with condensation

46

2
4.4 20m collector/

42

Annual Performance Factor

10 m? collector
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N
PR S T T (T TR SN SN N [N TN TOY WY A TN

s )TN P FUUEN PERTE PUTE PUT P
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Lenght of Borehole Heat Exchanger in m

Fig. 1: Simulation results for the SPFr in a heat pump system with unglazed solar collector
with and without respect to condensation effects.

Report C3 — Annex H.1 Date: 15.11.2013 Page 2 of 2



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

Performance analysis of a solar heating system coupled to
a heat pump for building renovation purposes

Summary written by:  Jacques Bony, January 2013

Original report/paper  S. Citherlet, J. Bony, B. Nguyen : Analyse des performances du

couplage d'une pompe a chaleur avec une installation solaire
thermique pour la rénovation, final report SFOE, 2008

Goal or motivation of the simulation study

The aim of this study was to analyse the energy and economic performances of different
types of facilities coupling a ground/water heat pump to an air-heater equipped with solar
thermal collectors.

Characteristics of the annual heat (or cold) load to be met

type of building A: single family house 140 m? retrofit
B: office building 911 m? retrofit

climate Lugano, Bern, and Chateau d'Oex (Switzerland)
DHW A: 3212 kWh/a

B: 5730 kWh/a
space heat A: 10900 to 18'900 kWh/a depending on climate

B: 87'700 to 162'300 kWh/a depending on climate
Design flow / return temperatures (radiator): 55 °C / 45 °C

Exemple of system studied

letter code: 5% SHP 475

Sun Air

Solar
Collector

Y

. Heat
Pump

Yy v
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Methods

This study was performed only by dynamic simulation using TRNSYS. Six different types of
installations have been considered, which either use the solar energy on the evaporator side
or a coupling with a conventional system using a DHW storage tank. Different kinds of
storage were used. Icing of the air-heater as well as the defrost cycles have not be studied.
The control and energy storage were optimized in order to reduce the triggering time of the
air-heater. The solar collector area was between 10 and 50 m?.

Results

Different kinds of comparison were performed: solar collector type, hydraulic schema and
economical aspect.

From the energetic point of view, the comparison was made for the three main types of
collectors: unglazed, glazed and vacuum tube. The results obtained for these different type
of collectors in different configurations (three climates and two buildings) are very close. The
evacuated tube collector is slightly less efficient than flat-plate collectors (glazed or
unglazed). Figure 1 shows the performance according to the solar collector area. The
seasonal performance factor (SPF) of the system could be improved by 15% to 36%
depending on climate and collector area.

4.2

4

3.8

3.6

SPF [

3.4

——Var. S3-0.5m3

—=e—Var. S3-1m3
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3 <-o¥-- Var. 82

---0--- Var, S2S3 - 0.5m3

---8--- Var. S2S3 - 1.5m3
T

3.2

2.8

10 m2 20 m2 30 m2 40 m2 50 m2
Unglazed collector area

Figure 1: Overall evolution of the SPF based on the collector area for different cases (climate: Bern)

The economic aspects take into account the installation and operation costs (consumption
and maintenance) of the heat pump and solar collectors. Even if unglazed flat plate collectors
are slightly less efficient than the two other type (glazed ones and vacuum tubes), their lower
costs lead to a more interesting global annual.

Depending on climate, schema and collector area, the kWh "useful energy" cost (heating
demand + DHW demand) is between 0.121 and 0.283 CHF (1 CHF = 0.82 €). A system
using unglazed collectors is 10 to 26% cheaper that a system using glazed collectors,
depending on collector area.
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Solar Combi+ configuration for commercialization

Summary written by:  Matteo D’Antoni, 03.10.2012

Original report/paper  D’Antoni M., Bettoni D., Fedrizzi R., Sparber W., 2011. Parametric
analysis of a novel Solar Combi+ configuration for
commercialization. In Proc.: 4™ International Air-Conditioning,
Larnaka, Cyprus.

Goal or motivation of the study

The goal was the development of a standardized Solar Combi+ system for covering DHW,
heating and cooling loads of typical residential buildings. Compared to a traditional Solar
Combi+ system, the proposed solution allows to choose a very large collector field,
achieving a great coverage of winter loads, without stagnation problems during summer
season. The combination of a large solar collector field and an electrical heat pump can
greatly increase the Seasonal Performance Factor of the heat pump itself, thanks to the
higher range of temperatures available at the heat pump’s evaporator During the summer
season, a sorption chiller uses the solar energy not needed for DHW production. The
electrical reversible heat pump aids to cover cooling loads when the conditions for the
activation of the adsorption machine are not met.

Characteristics of the annual heat (or cold) load to be met

type of building single family house (2-story)

climate Bolzano, Italy
DHW 2'538 kWh/a
space heat 8'010 kWh/a (44.5 kWh/m2a, 180 m2 heated floor area)
design flow / return temperatures of the heating system: 35 °C /30 °C
space cool 3'870 kWh/a (21.5 kWh/m2a, 180 m2 colled floor area)

design flow / return temperatures of the cooling system: 15 °C/ 18 °C

Type of system studied

letter code: g, TESHPAE o
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Figure 1: system energy flow chart (heating mode).
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Figure 2: system energy flow chart (cooling mode).
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Figure 3: system energy flow chart (DHW mode).

Methods

The system has been simulated with TRNSYS v.17. System components have been
modeled through standard (solar collectors, pumps, building loads), non-standard (water
storage, compression heat pump, adsorption chiller) and internally developed (heat
exchanger, dry cooler, valves) Types. All components have been validated through
monitoring data and laboratory tests.

Results

A first parametric analysis has been conducted varying collector’s filed are from 24 to 32 m2
and the system’s performance has been evaluated through yearly performance figures such
as Solar Fraction (SF), Air Fraction (AF), Gross Solar Yield (GSY) and Seasonal
Performance Factor (SPF). The definition of the total system SPF has been computed by
dividing space heating, space cooling and domestic hot water demands by the total electrical
consumption of pumps, components and auxiliaries. For the purposes of this work and
because the Combi Tank (CT) is used for hot water preparation and space heating purposes,
the thermal losses through the storage CT haven't been computed for calculating the SPF.
Therefore the definition of system SPF is the following:

SPF = I(QSH +QDHW +QC _Qloss,CT)'dt
_ _[(Zpel)'dt

where:

Zpel =Pasc.c + Petrx + Peinp +Pernp.c +Peiwp i + Petgu + Petgu i + Peic + Peish + Perorw + Peicu
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Table 1: System’s performance figures under different solar field area.

Collector field [m?] SF[-] AF[-] GSY [kWh/m? SPF[-]

24 57% 31% 448 4.4
28 61% 29% 417 4.5
32 64% 27% 387 4.8
5.0
F s Qdhw Qheat %%~ Qcool —«Qh+w,sol -=Qheat,sol ——Qcool,sol

Specific load, [kWh/m?]

Weeks

Figure 4: Weekly solar energy contribution to fulfil building’s load of DHW, heating and cooling (D’Antoni M. et
al., 2011).

The system has been monitored since July 2011.
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Combining heat pumps with solar energy for domestic hot
water production — ecological & economical evaluation

Summary written by:  Ralf Dott, April 5" 2013

Original paper Dott, R., Genkinger, A., Moret, F. & Afjei, T., 2011. Combining heat
pumps with solar energy for domestic hot water production. In: 10th
IEA Heat Pump Conference 2011, Tokyo, JP.

Goal or motivation of the simulation study

In the two cantons Basel-Stadt and Basel-Land in Northwestern Switzerland the cantonal
by-law on the rational use of energy states that “The domestic hot water in new housing,
schools, restaurants, hospitals, sports facilities, swimming pools and other large domestic
hot water consumers must be heated by at least 50% renewable energy such as solar
energy (solar panels), geothermal energy, wood energy or district heating or otherwise
unusable waste heat.” A project examined the use of air/water heat pumps combined with
solar energy as well as further systems fulfilling these legal requirements. This paper shows
the concluding results concerning ecological and financial aspects.

Characteristics of the annual heat load to be met

type of building new SFH, 196 m?

climate Basel-Binningen, CH, 316 MAMSL
annual solar irradiation on the horizontal 1116 kWh/m?/a
annual average of the ambient temperature 10.5 °C

DHW 2'722 kWhl/a

space heat 8439 kWh/a, for system design purposes only, not evaluated

Type of systems studied

The starting point for the study were air/water heat pumps (A/W-HP) which are, amongst
other reasons because of their lower seasonal performance, only allowed in combination
with solar thermal (ST) or photovoltaic systems (PV). Furthermore, a brine/water heat pump
(B/W-HP) and a wood pellet furnace, that are allowed without solar energy system, and an
oil and a gas furnace, that need to be coupled with solar thermal collectors, are considered.

Methods

The energetic and ecological evaluation for the heat generation systems is based on
simulations with the software Polysun version 5.4. As far as possible, ready to use system
combinations and product data implemented in the simulation environment were used; and
where necessary, completed with more detailed product data. The focus is on market
available systems. The design of the heat generators is in such a way that the solar systems
just fulfil the legal 50% DHW requirements and the other heat generators are dimensioned to
supply the full domestic hot water as well as the space heating demand.

The ecological evaluation is done based on the ecological impact calculated as ecological
scarcity (Frischknecht et al. 2009) as well as by global warming potential expressed as CO,-
emission equivalents per year. The method of ecological scarcity is applied to the situation
and the objectives in Switzerland. The economical evaluation is based on guideline offers for
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the Basel region and average Swiss energy prices. Detailed information about the assumed
parameters is documented in the above mentioned paper.

The environmental impact is separated basically into the categories “infrastructure” and
“operation”. “Infrastructure” means all parts of the equipment for domestic hot water
generation on-site. These are for example the solar heat system, the heat pump, the furnace
with chimney, the hot water storage and the tap water installation with insulation. The
generators are dimensioned to supply the full domestic hot water as well as the space
heating demand. In all variants about 25% of the generated heat is consumed for domestic
hot water. Accordingly, only 25% of the ecological impact of the infrastructure, which is used
for domestic hot water and space heating, is considered. Infrastructure only for domestic hot
water is considered entirely.

Results

This study shows for the assumption of a 50% renewable coverage of the domestic hot water
generation, that there is no decisive difference between heat pump systems combined with
solar heat or combined with photovoltaic systems considering as well as for ecological
aspects as for economic aspects. Therein the solar heat storage is realised and financed in
the building, whereas the solar electricity storage is assumed to be covered by the grid and
to be included in the solar generated electricity tariff. But on the other hand bigger PV
systems are considerably cheaper than small systems in the range of 1 kW, like applied
here. Solar heat systems with vacuum tubes have a slight advantage compared to flat plate
systems because of a smaller required collector area. Important for the ecological evaluation
of solar generated electricity is to consume it and not to sell it to get a cost covering feed in
tariff.

Figure 1: Annual ecological impact of all compared systems
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Analysis of direct expansion solar assisted heat pumps for
DHW

Summary written by:  Jorge Facdo, December 2012, corrections September 2013

Original report/paper  Jorge Facdo and Maria Jodo Carvalho, 2013, New test
methodologies to analyse direct expansion solar assisted heat
pumps for DHW, to be submitted to Solar Energy

Goal or motivation of the simulation study

The goal was the development of a new numerical analysis of a direct expansion solar
assisted heat pump for domestic hot water.

Characteristics of the annual heat (or cold) load to be met

type of building Single family house
climate Lisbon, Portugal
annual solar irradiation on the horizontal: 206 MJ/m?
annual average of the ambient temperature: 16.8 °C
DHW 4254 kWhlyear

Type of system studied
letter code:

Sol,Air >
HP S HP &S
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Methods

The long term performance prediction with a Trnsys model validated with specific
experimental conditions was developed. The tapping cycle used L was in agreement with
new standards EN16147:2011 or EN15316-3-1:2007. The model is based on Morrison’s
work. Since there is no Type for the system, a new type was implemented in FORTRAN to
work in TRNSYS after compiled and linked. The heat pump evaporator was simulated as an
uncovered solar collector but with an influence of condensation when its temperature is
below the dew point temperature. The work power absorbed by the compressor and the
useful heat liberated in the condenser heat pump is a function of evaporator and condenser
temperature, and available from compressor manufacturer data. The heat in condenser
inside the storage tank is also a function of the global heat transfer coefficient and the
temperature differential between the refrigerant temperature and water temperature in the
storage tank. Since the system does not work for exterior air temperature below - 5°C, the
domestic hot water preparation is assured in these cases by an electrical resistance with a
power of 1000W. To simulate the storage tank a modified type 4 was adopted.

The seasonal performance factor was calculated for two cities in Portugal (Lisbon and Porto)
and for four cities abroad in Europe (Davos, Athens, Helsinki and Strasburg).

Results

Using the model and characteristic parameters determined by simulation and experimental
validation is possible determine the long term performance prediction based in a simulation
for several climatic conditions. A time step of 5 seconds was used for the annual simulation.
The daily tapping load is the e same for every day of the year. Figure 1 presents the average
monthly SPF variation evaluated by LTPP for two cities Davos and Athens. The monthly SPF
variation during the year in warm cities was small. Davos presents maximum relative monthly
SPF variation of 62% in Davos while Athens presents a variation of 9%.

Table 1 summarizes the results for all cities.

Jan | Feb | Mar | Apr | Mai | Jun | Jul | Aug | Sep | Oct | Nov | Dec Jan | Feb | Mar | Apr | Mai | Jun | Jul | Aug | Sep | Oct | Nov | Dec
[mspr[1,08[1,09 1,39 1,79 [1,97]2,00 [2,05]2,04 [199 1,93 [143]1,18 [mspr|2,00(2,01 (2,042,090 (2,14 2,17 [2,19|2,19[2,16 | 212[2,07| 2,03
Month Month

Figure 1 Average monthly SPF variation evaluated for Davos and Athens.

Table 1 Annual performance factor evaluated by LTPP.

City Annual average ambient temperature [°C] Annual SPF
Lisbon 16.8 2.09
Porto 14.5 2.06
Athens 18.4 2.10
Davos 2.8 1.66
Helsinki 5.6 1.70
Strasburg 11.0 1.95
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Development of a system for retrofit buildings with SPF = 6

Summary written by: ~ Michel Haller, 26.09.2012

Original report/paper  Philippen, D., Haller, M.Y., Frank, E. & Brunold, S., 2012. Entwicklung
einer hocheffizienten Solarthermie- Warmepumpen-Heizung mit
Eisspeicher. In: 17. BRENET Status-Seminar “Forschen fiir den Bau im
Kontext von Energie und Umwelt - 13./14. September 2012, ETH-Ziirich.

Goal or motivation of the study

The goal was the development of a highly efficient solar and heat pump heating system with
an annual SPF of 6 for retrofitted buildings with moderate design flow and return
temperatures of the heating system and without the need for boreholes.

Characteristics of the annual heat (or cold) load to be met

type of building single family house retrofit with moderate flow and return temperatures

climate Rapperswil, Switzerland
DHW 3'040 kWh/a
space heat 14’000 kWh/a (100 kWh/m2a, 140 m2 heated floor area)

design flow / return temperatures of the heating system: 35 °C/ 30 °C

Type of system studied

. Sol, Air S,srs
letter code: s 45 np SHPye 514

Sun Air

Pilot plant Kindergarten —* Driving Energy
SPF Rapperswil & EWJR —> Water

=— = ¥ Brine
------- » Refrigerant

Methods

A pre-selection of systems has been carried out with a simple hourly calculation / simulation
method. The selected system has further been simulated with TRNSYS. The cold storage is
a new developed large ice-storage with de-iceable heat exchanger surfaces that is located
outside the building envelope (buried in the ground). Therefore it is coupled with the ground
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and its energy balance is influences by passive heat exchange with the ground. A new
developed ice-storage model has been programmed at SPF and validated with
measurements from a 1 m® prototype. For the simulation, the ice-storage is coupled with a
ground simulation.

Results

The hourly calculation pre-screening showed that an SPF in the range of 6 is possible with a
conventional parallel solar and air to water heat pump system with a collector area of 100 m?
and a hot storage of 4 m*, or with a hybrid air and brine source heat pump combined with 45
m? of collector area, a hot storage of 2 m3 and an ice-storage of 5 m* (variants 3 & 6). The
chosen system however was variant 7 with a conventional brine to water heat pump, a lower
collector area and a large ice-storage that is buried in the ground outside the building
envelope.

Table 1: Selection of simulated variants from the pre-screening.

Variant type of heat pump collector hot storage ice-storage SPFsys
area volume [m?] volume [m?] []

0 air to water - 0.5 - 2.8

3 air to water 100 4 - 6.2

6 air and brine to water 45 2 5 5.9

7 brine to water 32 2 35 6.0

With the more detailed TRNSYS simulations, the system was re-dimensioned to a collector
area of 30 m? and an ice-storage of 30 m°. The hot buffer storage remained at 2 m*. The
figure below shows the monthly energy balance of the ice-store.

Losses of storage wall
Heat transfer to hot storage

Heat to heat pump

Gains of storage walls

Energy flows [kWh]

Solar input

Month-sum of heat balance

Figure 1: translated from Philippen et al., 2012

The system will be built and monitored in a prototype installation from 2013 on.
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Combined HP & Solar Systems with Waste Water Heat
Recovery

Summary written by: ~ Andreas Heinz, 28.03.2013

Original report/paper  Heinz, A., Lerch, W., Breidler, J., Fink, C., Wagner, W., 2012:
~Warmeruckgewinnung aus Abwasser im Niedrigenergie- und
Passivhaus: Potenzial und Konzepte in Kombination mit
Solarthermie und Warmepumpe — WRGPot", Final Report of the
project WRGpot, funded by Haus der Zukunft Plus, Austrian
Ministry for Transport, Innovation and Technology

Goal or motivation of the simulation study

In low energy houses waste water heat recovery is promising, as the share of domestic hot
water on the total heat demand is relatively high. The goal of this study was to analyze
different solar and heat pump heating systems for low energy houses, which are additionally
using waste water heat recovery. Results are the potential for waste heat recovery and
system efficiencies for different system configurations.

Characteristics of the annual heat (or cold) load to be met

type of building Low energy single family houses (SFH15 and SFH45 of Task44,
additionally SFH30, which is SFH15 without air heat recovery);
flow and return temperatures as for SFH15 and SFH45 in Task44

climate Strasbourg (Task44)
Graz (Meteonorm average climate 1991 - 2000)
DHW 2600 kWh/a (measured profile from a SFH)
waste water Measured profile from a SFH (temperature and flow of waste water)
space heat Strasbourg: Graz:
SFH15: 2660 kWh/a SFH15: 3220 kWh/a
SFH30: 4620 kWh/a SFH30: 5740 kWh/a
SFH45: 6440 kWh/a SFH45: 8120 kWh/a

Types of systems studied

letter code: g, SESHPS s

waste waste

SVSA Sm water SVS B Sm water

N
Coll. Coll. J

Base il le;

rod

T+

pump

N
H | B

rod

[ror] [rore]

Report C3 — Annex H.7 Date: 15.11.2013 Page 1 of 2



IEA SHC Task 44 / HPP Annex 38 - http://www.iea-shc.org/task44

SvsC || sun \Waste SvsD || sun waste

water water

X

T

pump

I
— — —»> Heat
pump

Heating
rod

/H.

Heating
rod
[ L

—— e e e e == O |

Methods

The systems were simulated in TRNSYS, using the semi-physical heat pump model Type
877. Additional new models for waste water heat exchangers and an ice storage model were
developed and used in the project. Data concerning the temperature and flow profiles of
waste water were available from measurements in a single family house that were carried
out in the project. Standard glazed flat plate collectors were assumed for all simulations. The
system SPF (SPF,) that was used as a performance figure is defined as the useful energy
provided by the system (DHW and space heating) divided by the total electricity consumption
(compressor, electrical heater, pumps and control).

Results

The simulations show that the SPFg of such systems can reach values well above 4, as
shown in Table 1 for the SFH30 building. The best results are achieved, when an ice storage
is used as the heat source, which is charged by the collector field and the waste water heat
exchanger (system D). As there is no conventional heat source for the heat pump (air or
ground) in the investigated systems, the solar radiation available in winter is crucial for the
system performance. This can be seen, when the results for the climate Graz are compared
to Strasbourg, where the solar radiation in winter is significantly lower. In Graz both a higher
SPFss and a lower total electricity consumption is achieved although the space heating
demand is significantly higher (compare page 1).

Tablel: Results for SFH30 (collector area 30 m?)

Climate / | water storage ice storage recovered waste total electricity
. SPF,
system | volume [m3]  volume [m3]  waterheat [kWh] consumption [kWh] 4
A 3 - 486 1953 4.31
N B 3 - 448 2021 4.17
& ¢ 3 - 794 2146 3.93
D 1.5 1.5 867 1390 5.89
00 A 3 - 461 2039 3.53
2 B 3 - 477 2048 3.52
g C 3 - 794 2222 3.25
) 1.5 15 825 1378 5.08
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Feasibility study for large solar assisted air-water heat
pump system in collective housing

Summary written by:  P. Hollmuller, F. Mermoud, C. Fraga, 12 April 2013

Original report/paper  Lachal B. et Zgraggen J.M. (2008). Rapport d’expertise concernant
« SOLARCITY », Université de Geneve.
Lachal B. et Mermoud F. (2008). Rapport d’étude sur le projet
SOLARCITY a Satigny (GE), Université de Geneve.

Goal or motivation of the simulation study

Feasibility study, with special attention on possible icing of the absorbers (drop of efficiency)
and heat pump failure in case of very low temperatures (use of auxiliary electric heating).

Characteristics of the annual heat (or cold) load to be met

type of building Multi-family building complex (10 x 1'000 m? heated floor area), high
efficiency thermal enveloppe

climate Geneva (CH)
solar irradiation: 1207 kWh/m?; annual average temperature: 10.0 °C
DHW 21.0 kWh/m*.a

space heating 41.8 kWh/m?.a

Type of system studied

. Sol Air SolAir
Letter code: pyw sy up sksSHPo W sH sks

Unglazed solar collectors (116 m?) are used for direct solar production, via a heat exchanger.
In case of low or no solar radiation, they work as a heat absorber on ambient air and are
connected to a heat pump evaporator (without storage or geothermal boreholes on the
source side of the heat pump). Heat production is used alternatively for SH or DHW, with
surplus stored in water tank (6000 lit), for later use.
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Methods
Simplified Matlab/Simulink model:

Thermal storage is not taking into account (direct match of hourly demand by way of
direct solar production, completed with heat pump).

Model for unglazed solar collector / air absorber (taking into account effect of wind)
based on former case study

Model for icing based on correspondence between convective heat exchange and
water vapor exchange (Lewis approach)

Results

Main simulation results are as follows:

Annual productivity of the solar collectors amounts to 427 kWh/m2.a (including
absorption of ambient heat in HP mode).

SPF is 4.3 (including electricity for heat pump, solar circuit and auxiliary heating in
case of HP failure when temperatures at evaporator input falls below -20°C).

The renewable energy fraction is 79% (heat absorbed on the collectors, as related to
heat demand).

Whereas 1 cm of ice would induce a 10% efficiency loss of the absorbers, according
to simulation cumulated icing shouldn’t exceed a few mm, and would rapidly melt with
subsequent solar radiation. Overall efficiency loss due to icing should hence remain
secondary.

In case of very cold weather, the temperature in the solar circuit may drop below HP
minimum (-20°C), leading to a heat pump failure and use of the auxiliary electric
heating. With the planned system dimensions (116 m2 solar collectors per 1000 m2
heated floor area), this should only happen very sporadically (4 h per year with a
standard winter).

A sensitivity analysis shows that a twice smaller solar field would lead to a slight
decrease of the renewable energy fraction, from 79% to 71%. The associated annual
productivity of the solar collectors would however rise from 427 to 768 kWh/mz2.a,
whereas the system SPF would drop from 4.3 to 3.3. In the perspective of system
optimization, a compromise would have to be found between SPF, renewable energy
fraction and financial investments.

Note: the system is in operation since autumn 2010. An extensive monitoring campaign will
allow to access real scale operation, as compared to preceding figures.
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Energetic Optimization of the Renewable Energy Yield of
Multi-Storey Passive Houses

Summary written by:  Fabian Ochs, 2013

Original report/paper  Ochs, Dermentzis, Feist, 2013, Energetic Optimization of the
Renewable Energy Yield of Multi-Storey Passive Houses, IPHC,
Frankfurt, 2013
Ochs, Dermentzis, Feist, 2013, Energetische und 6konomische
Optimierung der Nutzung erneuerbarer Energien bei mehr-
geschossigen Passivhausern, Otti TSE, Bad Staffelstein, 2013.

Goal or motivation of the simulation study

Investigate the optimum use regarding residual energy demand and economics of PV and
ST in a solar and heat pump system (GW-HP) for a multi-family house in passive house
standard in Innsbruck, At. The project Vdgelebichl consists of two buildings. The
investigations shown here have been performed for the north building.

Characteristics of the annual heat (or cold) load to be met

type of building MFH (north, 4 storey building)

climate Innsbruck: altitude 575 m
annual solar irradiation on the horizontal 1164 kWh/(m?2 a)
average ambient temperature: 9 °C

DHW 25373 kWh/a
space heat 17180 kWh/a
cooling 0 kWh/a

Type of system studied

letter code: “'gyp " see Appendix A

skS skS,SH

Flow Chart of T44A38

Flat- i alternative
plate source

Heat
pump

Backup
Heating
|

— —» Storage
(sink)

Vogelebichl
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Methods

The calculations are performed with the new heat pump tool of PHPP (Dermentzis, Ochs,
Feist, 2012), which is validated against simulation using Matlab/Simulink, solar fraction is
calculated with the fchart method (also implemented in PHPP). Additionally, simulations with
Matlab/Simulink are performed to check results. Agreement between simulation and
calculation is good. The solar thermal yield The PV yield is calculated independently
considering shading by means of hourly simulation.

Results

Several aspects have to be considered: Share of heating and domestic hot water demand;
Distribution and storage losses; Heat pump performance depending on type of heat pump
and operation conditions, i.e. source and sink temperatures; Performance of solar thermal
depending on collector quality, slope and system size (solar fraction) with regard to available
roof area; PV system performance, in particular shading (horizon, building structures, self-
shading) and inverter with regard to available roof area; mismatch between energy demand
and availability of renewable energy.

Table 1: Selection of simulated variants

Variant type of heat collector hot storage electrictity SPFsys [-]
pump area [m?] volume [m°] consuption [kWh]
1 water to water 0 2.0 11787 4,12
2 water to water 26.6 2.0 7988 4,53
3 water to water 44.8 2.0 6704 4.77
4 water to water 85.4 4.2 5547 5.13
5 water to water 112 5.6 5408 5.25
6 water to water 140 6.0 5364 5.36
7 air to water 0 2.0 15518 2.98
8 air to water 26.6 2.0 10716 3.18
9 air to water 44.8 2.0 9075 3.29
10 air to water 85.4 4.2 7537 3.46
11 air to water 112 5.6 7299 3.52
12 air to water 140 6.0 7176 3.57

T I T

—©— demand (HP+Aux.)
—O— yield (PV)

Energy/[MWh/a]

10 T 1

| GW Air |
10 T T T
0 10 20 30 40 50 60 70 8 90 100

% ST

AE/[MWh/a]

Simulation results indicate that small solar thermal systems (with a solar fraction in the range
of 20 %) are generally favourable compared to PV from the energetic point of view. For air-
sourced heat-pumps with commonly lower SPF the optimum size of the solar thermal system
are higher. The comparison of the results between the simulation models in Matlab/Simulink
and PHPP shows good accuracy. The economics strongly depend on the development of the
PV system costs. Trends indicate slight advantage of PV in the near future.
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Measurements and simulations of a multifunctional solar heat pump
system from Nilan - Experiences from one year of test operation
plus system simulation results

Summary written by:  Bengt Perers 2012-12-06

Original report/paper  Bengt Perers, Elsa Andersen, Simon Furbo, Zigian Chen, Agisilaos
Tsouvalas, 2012, “Measurement and modeling of a multifunctional
solar plus heat pump system from Nilan. Experiences from one year
of test operation”. Eurosun 2012, Opatija

Goal or motivation of the simulation study

The Nilan unit has been in test operation for more than one year in the solar laboratory at
DTU (Danish Technological Institute). The aim has been to stress the system operation to
different conditions in the lab, to validate model and learn more about the performance. But
also to find possible improvements especially concerning advanced control to reduce the
auxiliary use and at the same time increase the solar contribution.

Characteristics of the annual heat (or cold) load to be met

Type of Building A one family house is simulated in this study

Climate Location Copenhagen:
Annual solar irradiation on horizontal surface 996 kWh/m?
Annual average ambient temperature 9.1 C

DHW 2300 kWh/a

space heat (Only the DHW load control is studied in this case)

cooling (No cooling is applied, but there are Nilan compact units with this
possibility)

Type of system studied

letter code: e.g. 4 oy SHP&™

Sun Ground Exhaust
Air
| I :
| F— e —
Solar —— o ___
Collecors r 1
! 1
e
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Geothermal = oo
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Milan VP18 Compact Unit
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Methods

The System simulations were made with TRNSYS version 16. The component models for
the Nilan Compact Unit and Collector loop were validated against measurements in the solar
laboratory at DTU. For the complicated Nilan Unit a Carnot efficiency type of heat pump
model was used both for hot water and air heating and for the collector Type 832 together
with standard collector test data.

Results

The Nilan Solar + Heat pump Compact VP18 unit has been in reliable operation for more
than one year. Only minor operating problems has occurred, that could be upgraded by the
manufacturer.

The test operation and modeling has shown that the control integration between the collector
loop and heat pump is very important for efficient operation. Presently tank temperatures
measured at two separate points are the only connection for control between the two
subsystems. The heat pump can therefore charge the storage at full speed at the same time
as the collector is running at full power. In the future forecast control will be very
advantageous for maximum use of solar collectors, minimizing the electricity cost and
minimizing the storage size. The match between the air flow or air exchange rate in the
house and the air- plus hotwater heating demand, is also very important.

e A TRNSYS system simulation model has been developed and validated for the first
period of operation, mainly winter and early spring conditions.

The Nilan unit has been very robust and reliable in spite of the extreme states of
operation tested.

e The installer education and awareness about the design of overheat protection of the
collector loop can be improved.

e The ventilation air flow rate should have a relatively high minimum setting in
accordance to the house design to avoid that the end user reduces the air flow too far.

e The heat pump control can be improved so that simultaneous operation of the solar
collector and heat pump is minimized for hot water production.

In the future weather based forecast control of the system can improve the solar
savings significantly
References

[1] A Tsouvalas. Combined solar heating and heat pump system. Master Thesis DTU
Byg, Kgs Lyngby, Denmark, June 2011

[2] B Perers, E Andersen, S Furbo A Tsouvalis. Modelling, Measurements and Validation of
a solar plus heat pump compact unit from Nilan. ESTEC Conference 2011, Marseille.

[3] Nilan A/S. (2011). Nilan broschure for VP18 Compact Series.
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OPTIGEN - Energetic integration of a 28m> water tank in
the space heating and domestic hot water production of
a single family house with W/W ground-source
heatpump and solar thermal collectors

Summary written by:  Peter Kurmann, 15.09.2013
Original report/paper  Master thesis 2012 — MSc HESSO EIA-FR Kurmann [3]

Goal or motivation of the simulation study

The building analysed and simulated in the project OPTIGEN revealed good energetic
results. The main goal was to investigate optimal integration of a large water storage (used
as heat storage for solar heat) in the heating installation of the house. In order to compare
these results with other projects/simulations in T44A38, the validated simulation of
OPTIGEN was integrated into the reference boundary conditions with the meteorological
data of Strasbourg, see document SubC4 to compare. The simulation platform used was
Matlab/Simulink with the Carnot Blockset [1].

Characteristics of the annual heat (or cold) load to be met

SFH

Marsens (FR) Switzerland, longitude: 7.06, latitude: 46.656, 722 m above sealevel
1335 kWh/m2 (I direct from Meteonorm 6.1)
Tamb annuel average = 9.18°C

DHW 3800 kWh/a

space heat 11700 kWh/a, heated surface = 272m?, 35/27 floorheating

Type of system studied

. Sol G,srS
letter code: g5 srsSHPgs ors su
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Methods

The simulation model is based on the Carnot Toolbox in Matlab-Simulink [1]. All components
were simulated to match real installation as well as possible. Regulation of installation was
modelled according to installation and modified during optimisation process. Optimised
regulations were integrated into building regulation system after project.

The ground-source heat pump was modelled with the HP_V1.06 from the FHBB-IfE—suw
with the suppliers’ technical information from the technical sheet (DIN EN 14511), the
calculated SPF numbers in the results therefore also result from latter. The borehole was
simulated with ground_storage_U-tube from the Carnot Blockset. The two thermal storage
tanks were adapted from the Carnot Blockset (storage_multiport) to match installation (heat
exchanger positions/material/surface). The thermal solar panels neglect radiation and wind
dependent heat losses and are defined according to technical datasheet. Pressure and
thermal losses in piping were not simulated; all circulation pumps operate with constant mass
flow and power consumption. The parameters to define pumps, solar panels, heat
exchangers etc., were copied from suppliers data were measurements were too imprecise.
Optimisations are fully described in the final report of the research project from Kurmann [2],
were the control-regulations are also described.

Parameters of components:
e Solar panels: SPF-Nr. C398 — aperture values: n,=0.769, a;=3.08, a,=0.0156
e Heatpump Vitocal 300-G, typ 106: for W10W35 8.0kW heating power and COP of 5.5

Results

The most important result of the study was the optimization potential, discovered by genetic
optimization algorithms. Results clearly showed that the 28m® heat storage was not used
efficiently, and that an adoption of loading algorithms and increasing direct use of solar heat
made large efficiency gains possible. The major results are therefore:

- Large heat storage (28m*® water tank) with 10cm insulation (U=0.37W/m°K) allows
large solar heat captures, but dissipates unused heat during summer months = loss
in efficiency

- Large heat storage (28m?® water tank) charged with solar heat can be used as source
for heatpump, but only if economic calculations are determined beforehand, see
Figure 2 below and final report of OPTIGEN [2] and [3]

- The HP operating time restriction has a major impact on operational costs (better use
of low and high electricity rates) and permits 10-20% of annual economies on the
electricity bill. This regulation must be adapted to the specific thermal properties of
the building and technical installation.
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Figure 1; Heat loss in seasonal storage tank (28m3) without consumer in days

Figure 2; On the X-Axis we can see the cost for solar heat (yellow) and the cost saving using the "seasonal heat
storage" as source for the heatpump. As soon as the yellow line (solar costs) crosses the other lines (saving
through "doping"), the use of the "seasonal heat storage” becomes economically interesting, so for our case

between 350-400W/m? of global irradiation
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Below you can find system results and comparison of the installations performance with
different optimisation models.

Model and Description Scheme

A: Reference model

This model corresponds to the actual installation.
The solar thermal heat delivers energy to storage A
or B. Storage B is used directly for heating and
DHW production, or as a second source for the
heatpump.

Components: H
— Geothermal borehole
— Heatpump
- ,daily* Storage A
- ,seasonal” Storage B
— Solar heat collectors
B: Without Solar heat

For comparison, the installation was simulated
without the solar thermal collectors. Storage B
therefore also becomes redundant

Components:
— Geothermal borehole
- Heatpump
,daily“ Storage A

C: Without seasonal storage

If the seasonal storage is omitted, the solar heat
can only be used directly, and not as second
source. The overall SPF will decrease, but less
solar heat is stored unused

Components:

Geothermal borehole

Heatpump
,<daily“ Storage A

Solar heat collectors
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1A: Reference model 13070 | 440 | 14910 | 3216 | 4.64 | 0.69 | 0.95 | 689
1B: Without Solar - - 16510 | 3939 | 4.19 0.96 | 719
1C: Without Storage B 4406 | 235 | 13077 | 83047 | 4.29 0.94 | 594
l. ~ a @) d
.' .' a c- 0 G " :
3.1A: Optimised solar 12554 | 372 | 14505 | 3073 | 4.72 | 0.68 | 0.95 | 679
regulation
3.2A: Optimised use of low | 12999 | 445 | 14860 | 3117 | 4.78 | 0.68 | 0.95 | 620
electricity tariffs
3.3A: Optimised charging 11324 | 418 | 14503 | 3068 | 4.73 | 0.78 | 0.95 | 687
strategies for storages
3.4A: All optimisations 11197 | 367 | 14151 | 3000 | 4.72 | 0.76 | 0.99 | 583

Above results make evident, that thorough investigation and optimal “teamwork” of the
different elements of an installation permit huge economic and energetic potential. In this
installation, electricity costs were reduced by 17% and primary energy consumption by 7%.

What is very important however, is that these economies can be achieved without looking at
SPF at all, in fact, the SPF for the best solution is lower than the SPF for other solutions!

Nevertheless, in order to compare, this project’s installation was re-simulated respecting T44
boundary conditions (with Strasbourg weather) as good as possible, see the SubC4 template
for this project for comparable SPF numbers according to T44 definitions.

References

1. Julich-Solar-Institut: CARNOT-Blockset Version 1.0 User's Guide.
Germany: Solar-Institut Julich and Expertcontrol; 2007.

2. Kurmann P, Mesot T, Ursenbacher T: Optimierung der Einbindung eines 28m?
Wasser-Speichers in die Beheizung und die WW-Versorgung eines EFH mit
W/W-Warmepumpe und Solarkollektoren. In. Edited by BFE. Bern: BFE; 2012: 65.
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3. Kurmann P: Optimierung der Einbindung eines 28m® Wasserspeichers in die
Beheizung und die WW-Versorgung eines EFH mit W/W-Warmepumpe und
Solarkollektoren. Master thesis. Fribourg: University of applied sciences Fribourg;
2012.
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LowEXx Solar Building System

Summary written by:  Marc Batschmann, Lester Ullmann; 17.06.2013

Original report: Lester Ullmann, 2012, Analyse der exergetisch optimierten
Auslegung des ZeroEmission LowEx Systems und der
Regeneration des Erdwéarmespeichers, Zirich

Goal or motivation of the simulation study
Evaluation of the potential of deep ground source heat exchanger combined with heat pump

Characteristics of the annual heat load

type of building multi-family house

climate Zirich, Switzerland
DHW 2130 kWh/a
space heat 9200 kWh/a

Type of system studied

Sol G, Sol
G SH PskS ,SH

Figure 1: Energy flow scheme and simplified hydraulic scheme of the LowEx Solar Building System

Methods

The influence of a deep ground source heat exchanger to the system performance of the
Low Exergy heat supply system has been studied with the comparison of two models. Both
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models integrate the main aspects of a Zero Emission Low Exergy concept. For analyzing
the influence on a LowEx heat supply model including a 380m deep borehole (LowEx2) and
a LowEx heat supply model including a 140m deep borehole (LowEx1) have been compared.
Based on those two models an energetic as well as an exergetic analysis of the main
components and the complete system has been performed. The analyses focus on the PV/T
collector, the heat pump and the ground source heat exchanger. The modeled building is
acting only as consumer and is not being optimized within this work.

Results

The analysis shows, as figure 3, more operation hours of system LowEx1 for heating, DHW
and regeneration than System LowEx2. The potential of regenerating the ground is lower in a
system with deep boreholes.

Figure 3: operation hours of different operation Figure 4: energy flows in the system.
modes.

The comparison of the following system energy flows of both models is shown in figure 4:

e Heat from the PV/T collector to the building system (E_HK) — PV/T as heat source

e Heat from the building system to the ground source heat exchanger (E_Reg) —
ground as heat sink

e Electricity consumption of the heat pump for space heating (Ex_WP,H)

e Electricity consumption of the heat pump for DHW (Ex_WP,WW)

o Electricity consumption of all auxiliary devices, as pumps, valves and control
(Ex_Pumpen) without heat load distribution (DHW circulation and space heat
distribution)

The auxiliary devices in system LowEx2 need more electricity than in LowEXx1, especially for
the ground source heat exchanger circulation pump, since the borehole is deeper and the
pressure drop is higher. LowEx1 extracts more heat of the PV/T collector and regenerates
the ground with more energy than LowEx2 due to the lower average temperature in the
ground. Even though in system LowEx1l more solar heat is extracted and the ground is
regenerated to a higher extend, the seasonal performance of the heat pump only (JAZ1) as
well as the seasonal performance of the system including heat pump and all auxiliary devices
(JAZ2) is higher in System LowEXx2. This fact shows the importance that for optimizing an
entire system performance the depth of the borehole plays an important role. Even though
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the performance of single components as the ground source heat exchanger or the solar
PVIT collector in a building system with deep borehole is lower than in a building system with
shallow borehole, the overall system performance can be increased with deep boreholes.

Figure 5: seasonal performance factors
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Potential benefit of combining heat pumps with solar
thermal for heating and domestic hot water preparation

Summary written by:  Daniel Carbonell, 26.09.2013

Original report/paper  D. Carbonell, M.Y. Haller and E. Frank. Potential benefit of
combining heat pumps with solar thermal for heating and domestic
hot water preparation. Proceedings of the Solar World Congress,
Cancun, Mexico, 2013.

Goal or motivation of the simulation study

Analysis of potential benefits of pure parallel combined solar thermal and heat pump
systems, using both air and ground as a source. Potential benefits were studied by
comparing systems that use only a heat pump with combined systems and only the benefit
in terms of efficiency was considered (cost was not analyzed). All simulations were carried
out with Polysun-6®.

Climate, heat load and simulation platform

Eight different cities were chosen to analyze the influence of the climate on the performance
of the combined solar and heat pump system. These cities represent a great part of the
European climate. Strasbourg (ST), Wirzburg (WU), Warsaw (WA), Nantes (NA), Madrid
(MA), Barcelona (BA), Helsinki (HE) and Davos.

The DHW demand is the same than T44/A38 reference conditions. Three buildings
representing SFH15, 45 and 100 were used for each location and system. Values were
selected in the Polysun-6® building model to obtain a similar yearly heating demand as in the
case of TRNSYS for Strasbourg. Afterwards, the same building was moved around Europe
without any modification of the building definition.

The "heat pump only" reference system is defined similar as the combined system (same
components) but without the solar part and two storage tanks; one 300 | tank for DHW and
another 200 | tank for SH.

Type of system studied

. Sol scs
letter code: g 45 SHPyq

Fig. 1 (a) Energy flow chart and (b) Polysun-6® scheme for the parallel SGSHP system simulated.
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Results

The solar energy savings, fg.q . are presented in Fig. 2 and Fig. 3 for all the studied
locations as a function of (a) the collector area A, (four plots of the left side) and (b) the ratio
between global irradiation on a tilted surface and total energy demand H-/Q, (four plots of
the right side). In almost all cases the f,, is higher for the SGSHP system than for the
SASHP system.

Fig. 2 (a) Simulation results of fractional solar savings for different cities and buildings as a function of (a) collector
area and (b) ratio between global irradiation on a tilted surface and total energy demand.
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Fig. 3 Predictions of absolute electricity savings as a function of the ratio between irradiation on tilted surface and
total energy demand. (a) Comparison between SASHP and SGSHP for Wirzburg and (b) comparison of a
SASHP between Madrid, Davos, and Helsinki.

In Fig. 3(a) the absolute electricity savings P,.. have been plotted along H;/Qyin
Wirzburg for both SASHP and SGSHP systems for the three buildings. Even though the
faveel Of SGSHP is higher compared to SASHP, the absolute electricity savings are lower for
the same collector area for SFH15 and SFH45, but not for SHF100. This tendency is usually
observed in other cities.

Concluding, in terms of absolute electricity savings, the benefit of adding solar thermal to a
heat pump system increases with the electric energy consumption of the reference system
without the solar thermal part. Therefore air source systems have sometimes higher potential
compared to ground source based systems despite of the lower fractional electricity savings.
For the same reason, systems with high energy demand, e.g. systems in colder climates or
with lower building insulation standard; will also benefit more than those of low energy
demand. The optimum climate in terms of absolute electricity savings is found in a typical
alpine location with cold climate but at the same time high irradiation in winter.
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Feasibility Analysis of an Indirect Heat Pump Assisted
Solar Domestic Hot Water System

Summary written by: ~ M.R. Collins, September 27, 2013

Original paper: S.J. Sterling, M.R. Collins, 2011, “Feasibility Analysis of an Indirect
Heat Pump Assisted Solar Domestic Hot Water System”. Applied
Energy, Department of Mechanical and Mechatronics Engineering,
University of Waterloo, 200 University Avenue West, Waterloo
Ontario, Canada, N2L3G1

Goal of the study

It is well understood that a typical solar domestic hot water system can greatly reduce a
building’s reliance on electrical consumption. The system may be further improved by
including a heat pump as part of the design. In theory, a heat pump would result in colder
fluid temperatures entering the collector thereby resulting in higher collector efficiencies and
longer operation periods.

One Indirect-style Solar Assisted Heat Pump (i-SAHP) design was modeled using the
TRNSYS software and compared to a traditional solar domestic hot water (SDHW) system
and an electric domestic hot water (DHW) system. All of the systems had the same load
profile and delivered domestic hot water at a constant temperature. This insured that each
system delivered the same amount of energy for the entire modeling period thereby creating
a common basis for comparison. It is important to note that each system considered in this
study was used for domestic water heating only.

This work was done as a preliminary stage and was meant to roughly gauge the feasibility of
the specific i-SAHP system in the study. Therefore, generic inputs were consistently used
with all of the TRNSYS components and the trends of the results were considered more
important than the actual numerical values obtained. Schematics of the i-SAHP system
concept are shown in Figure 1 and 2.

Climate and Load

Climate: Ottawa, Ontario, Canada

DHW Load: 5555.6 kWh/a

Type of system studied

. Sol SrS
letter code: SrS SHP SKS
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Figure 1: Schematic of i-SAHP System Studied Using IEA Task 44 Nomenclature

Figure 2: Schematic of i-SAHP System Studied
Methods

To quantify the benefits of a dual tank i-SAHP system, a model was developed using the
TRNSYS simulation software. The TRNSYS Studio model of the system is shown in Figure
3. The dual tank i-SAHP system was intended to operate in the following way. The collector
side operated in much the same manner as a traditional SDHW system, with two notable
exceptions. First, the storage tank was determined to need relatively large thermal capacity,
and was therefore sized to contain 500 L of collector fluid. This tank was called the float tank
(“primary storage” in Figure 1 and “large tank” in Figure 2) because its temperature was
allowed to fluctuate. Secondly, the entire loop was assumed to contain a 50%:50% glycol-
water mixture. For simplicity, the schematic shown in Figure 3 contains an internal heat
exchanger in the float tank for the glycol loop. However, looking at the TRNSYS layout in
Figure 3, the simulation was still run with an external heat exchanger just like a SDHW
system. The domestic water side was designed to operate in much the same way that a
conventional electric DHW system would operate. In this case, however, when the domestic
tank (“secondary storage” in Figure 1 and “DHW tank” in Figure 2) needed heat input, the
energy was either supplied via a heat pump or heat exchanger loop connected to the float
tank instead of from back-up electric heaters inside the tank. The domestic hot water tank
had two electric elements for auxillary heating. A top-up heater was used whenever the
temperature at the top of the domestic tank was below the set-point during a water draw.
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Further details on operating characteristics of the system are provided in the original
publication.

Figure 3: TRNSYS Studio Model Screenshot of i-SAHP System Studied
Results

The overall energy values obtained from the TRNSYS simulations for each system are
summarized in Table 1. The dual tank i-SAHP system used the least amount of electrical
energy and gained the most solar energy. Therefore, with the addition of the heat pump and
float tank, more energy was being collected due to the generally colder fluid temperatures in
the float tank, which increased collector efficiencies and solar collection run times. Although
the system ran longer, it used less electrical energy overall because the additional solar
energy collected greatly reduced the energy required from the auxiliary heaters throughout
the simulation period. Also, notice the trend with the amount of energy used by the top-up
heater in each system (see Table 1). The top-up heater in the traditional SDHW system used
less energy than in the electric DHW system because of the addition of solar energy that
helped to further charge the domestic tank, even with lower set-point temperatures of the
auxiliary heaters. The top-up heater in the dual tank i-SAHP system used less energy than in
the traditional SDHW system because the domestic tank was maintained near the 55 C set-
point temperature with the tight temperature dead-band on the heat pump. It was also
discovered that the heat pump elevated the temperature of a larger portion of the fluid inside
of the domestic tank while operating, compared to the auxiliary heaters with the other
systems. This also helped to further reduce the energy required from the top-up heaters. The
solar fraction for the traditional SDHW system and the dual tank i-SAHP system were
calculated to be 0.58 and 0.67 respectively (see Table 1). The solar fraction is simply the
fraction of the total amount of energy (solar plus electrical) inputted into the system that was
met by the solar energy collected.

Table 1: Overall TRNSYS Simulation Results of Systems Studied
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Modelling of an Indirect Solar-Assisted Heat Pump System
for a High Performance Residential House

Summary written by: ~ Jenny Chu, September 30, 2013

Original report/paper  Chu, J., Choi, W., Cruickshank, C. A. and Harrison, S. J. “Modelling
of an Indirect Solar-Assisted Heat Pump System for a High
Performance Residential House,” Proceedings of ASME 2013 7th
International Conference on Energy Sustainability, Minneapolis,
MN, July 2013.

Goal or motivation of the simulation study

The goal of this study was to investigate an Integrate Mechanical System (IMS) for Team
Ontario’s Solar Decathlon 2013 Competition entry. The system, which incorporates a solar-
assisted heat pump (SAHP), was designed to minimize domestic hot water, space-heating
and cooling loads so that the designed house can achieve a net-zero energy balance over a
year in the Ottawa, Ontario climate.

Characteristics of the annual heat (or cold) load to be met

type of building Single detached highly insulated house, about 1000 ft?
climate Ottawa, Ontario

DHW 2730 kWh/a

space heat 2930 kWh/a

cooling and dehumidification 6040 kWh/a

Type of system studied

letter code: SUSHPSS

Waste Heat
S (space-cooling)

-

» Heat pump

Coll.

Electr.

Methods

A simulation model created in TRNSYS was used to evaluate the performance of the
designed IMS for Team Ontario’s high performance house. The model included the building
characteristics, using Type 56, and also components of the forced air distribution system
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used to condition the house. Basic flat plate collectors that faced south with a tilt of 90° was
used to charge a cold storage tank in the heating season. The heat pump was used to
transfer energy from the cold tank to a hot tank. For the simulations, the heat pump
performance was modelled using experimental data from a 1.5 ton commercially available
heat pump. Hot water from the hot tank was used for domestic hot water (DHW) and space-
heating in the winter while the cold glycol solution in the cold tank was used for space-
cooling in the summer. In the cooling season, the collectors were not required as the waste
heat collected from space-cooling was rejected into the cold tank. This energy was then
boosted with the heat pump and transferred to the hot tank for DHW requirements. If the hot
tank was fully charged in the summer then the waste heat from cooling would be rejected
through outdoor heat dissipaters. In order to cool and dehumidify the air, the air was first
cooled to below the dew point and then reheated to a more comfortable temperature. In the
heating season, if the heat pump cannot supply enough energy to the hot tank, then a back-
up internal auxiliary heater within the hot tank was activated. A parametric study was
conducted to investigate how the design and size of specific components impact the overall
annual performance of the entire system. Annual simulations, with Ottawa, Ontario weather,
were performed and free energy ratios were determined and compared. The free energy
ratio is the portion of DHW, space-heating and cooling loads that are met using non-
purchased energy (i.e. solar thermal energy or energy recovered from space-cooling).

Results

Based on the parametric studies, an IMS design was recommended for Team Ontario’s high
performance house. The recommended system included 6 m? of collectors, a 270 L cold
tank, 450 L hot tank and a 6 kW heat pump. It was found that the heat pump performance
and level of thermal stratification in the hot tank had the largest effect on the overall
performance of the IMS. Following the study, the hot tank inlets were strategically positioned
and designed to promote thermal stratification. It was found that the recommended IMS
could potentially achieve an annual free energy fraction of 0.583. Results from the studies do
not consider energy used to run the circulation pumps or fans. Figure 1 shows how much
energy was required for DHW, space-heating and cooling and the amount of energy that was
used by the heat pump and the back-up auxiliary heater to meet the loads.
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Figure 1:Monthly load distribution of recommended system.
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Simulation study for solar heat pump system SOLAERA for
space and domestic hot water demand for a single
family house

Summary written by:  Tillman Fal3nacht, 01.11.2013

Original report/paper  Asenbeck, S.; Driick, H.; Bachmann, S.; Kerskes, H.; Muller-
Steinhagen, H.: Simulationsstudie Solar-Warmepumpensystem zur
Trinkwasserwarmung und Raumheizung. Prifbericht-
Nr.:07SIM109/1. Universitat Stuttgart, ITW, 2008

Goal or motivation of the simulation study

The goal of the study was to evaluate the system performance of the solar heat pump
system SOLAERA from Consolar. Therefore a system simulation study in TRNSYS 15 has
been performed. The simulation study was based on the methodology in EN 12977-2
(October, 2001).

Characteristics of the annual heat load to be met

type of building single family house (time series data of flow and return temperature and
mass flow has been used, 35/25 °C designh temperatures).
climate Wiirzburg, Germany
annual solar irradiation on the horizontal: 1053 kWh
annual average of the ambient temperature: 9,2 °C
collector inclination: 60°, collector azimuth: 0°
DHW 2945 kWh/a
space heat Case A: 9090 kWh/a; Case B: 6817 kWh/a

Type of system studied

S, Air srS
+ srS,skS,HP SHF)SkS,SH
letter code:
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Methods

The whole system has been modeled in TRNSYS 15. The ice storage is a newly developed
small size storage tank (290 kg water/ice). It is used to buffer solar energy from the day in
the night as source for the evaporator of the heat pump. For the simulation of the ice storage
the ITW programmed a new grey-box multi node model for latent heat storage tanks. The
parameters of the model have been determined in the study [1] through model identification
based on measurement data. The storage tank for space heat and hot water is a
combination storage tank with an inner heat exchanger for DHW. The parameters for the
Type 340, which was used for the simulation of the tank, were determined via measurements
in [2]. The source code of the real system controller has been implemented in the simulation,
so the simulation of the system is very practically relevant. The thermal flat plate collectors in
SOLAERA are designed to utilize energy from solar radiation and the ambient air. The
energy generation from the air is realized with fans behind the absorber plate. Therefore the
collector Type 132 has been adapted with a varying heat loss coefficient in dependence of
the collector fan speed.

Results

The support energy of the system includes in this study the current consumption of the
collector fans, the heating rod, the evaporator circle pump and the solar circle pump. Not
implemented were the condenser pump, the energy demand of the controller and the valves.
The latter consumers are relative low compared to the first ones. However the real SPF will
be lower, when all consumers are implemented. The heat distribution pumps (circulation and
space heating distribution) are not implemented consistent with the IEA Task 44 definitions.
The useful heat for space heating and domestic hot water is measured at the distribution
point after the storage tank.

The simulation showed that an SPF in the range of nearly 5 is possible with the proposed
system. Therefore the system can be a highly efficient system to cover the space heating
and domestic heat water demand of single family houses with low system temperatures.

Table 1: Selected simulation results.

Variant  collector area Elec. heat pump Support energy Total solar energy SPFsys
[m?] [kWh] [kwh] yield [kWh] [-]
25 2208 253 11203 4.9

B 20 1830 211 9247 4.8

Literature

[1] Drick, H.; Bachmann, S.; Miller-Steinhagen, H.: Priufbericht Speicher zur
Trinkwassererwarmung und Raumheizung (Kombispeicher). Prifbericht-Nr.: 07STO145.
Universitat Stuttgart, ITW, 2007

[2] Asenbeck, S.; Driick, H.; Bachmann, S.: Prifbericht Speicher flr Niedertemperaturwarme
(Eisspeicher). Prifbericht-Nr.: 07STO144. Universitat Stuttgart, Institut fir Thermodynamik
und Warmetechnik, Forschungs- und Testzentrum fir Solaranlagen, 2011
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Life cycle impact assessment of a solar heat pump system
with an ice-storage

Summary written by: ~ Daniel Zenh&usern, 20.11.2013

Original report/paper  Carbonell D., Frank E., Philippen D. and Zenhausern D., 2013,
Progress report to SFOE for the project “High Ice”, unpublished,
SPF Institut fur Solartechnik, Rapperswil (CH)

Goal or motivation of the simulation study

Assessment of the ecological impact of a pilot solar brine/water heat pump system with ice
storage based on different impact indicators. Comparison with a conventional brine/water
heat pump system. Analysis of the sensitivity of the results to the electricity mix powering
the heat-pump.

Characteristics of the annual heat (or cold) load to be met

Type of building Kindergarten building
Climate Rapperswil-Jona, Switzerland
annual solar irradiation on the horizontal: 1100 kWh
annual average of the ambient temperature: 10.1 °C
DHW ~ 1000 kWh/a
Space heat ~ 35’000 kWh/a

Type of system studied

. Sol, Air S,srS
letter code: ¢ gs'vp SHPS s

Pilot plant Kindergarten —> Driving Energy
SPF Rapperswil & EWJR ——> Water

= = % Brine
------- #» Refrigerant

Methods

Both, life cycle inventory (LCI) and life cycle impact assessment (LCIA) were done with the
help of the software Simapro 7.3.3. Background data was taken from the database Ecoinvent
v2 [1] and the related “Update of the LCI of solar collectors” [2]. New datasets were
established, based on the data of the pilot system and data from manufacturers, according to
the methodology of Ecoinvent. The system performance factor SPFspp was estimated to 5.5
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(average for the same system installed in houses with high- and low-temperature heat
distribution systems) by means of transient system simulations carried-out with TRNSYS.
The reference system is assumed to have an SPF of 3.9, corresponding to an average value
for Switzerland [3]. Ecological impacts were determined with the following three methods
(indicators): Cumulative Non-Renewable Energy Demand (CEDwre), Ecological Scarcity
2006 (Umweltbelastungspunkte, UBP) and Global Warming Potential (GWP) (see ref. [4] and
references therein). The functional unit was taken to be the providing of 1 MJ of useful heat.

System components accounted for in LCI (lifetimes in parenthesis):

SHP with ice storage (Kindergarten) Reference system

Ice storage (50 yrs): concrete structure with inner Heat pump (20 yrs), brine/water, 18 kW thermal power
volume ~ 80 m3, stainless steel heat exchangers with

a total area of 43.7 m2, hydraulic connections Borehole heat exchanger (50 yrs), 306 meters, incl.

heat carrier fluid

Heat pump (20 yrs), brine/water, 18 kW thermal power Circulating pumps (15 yrs): HP source side 150 W, HP

Storage tank (25 yrs), 3500 liters sink side 150 W

Solar system (25 yrs): 50 m2 glazed flat plate
collectors, 17 m2 unglazed flat plate collectors,
hydraulic connections

Heat carrier fluid (10 yrs): 35 % v/v nonfreeze liquid,
65 % v/v desalted water

Circulating pumps (15 yrs): solar system 80 W, HP
source side 150 W, HP sink side 150 W

Results

For both systems the cumulative renewable energy demand is clearly dominated by the
use phase, which essentially represents the electricity consumption. The impact of the
electricity consumption strongly depends on the electricity mix. The contribution of production
and disposal is clearly higher for the system with ice storage. Due to a higher SPF, the
contribution of the use phase is smaller. For all three electricity mixes this results in a
somewhat lower total value for the CEDyge Of the system with ice storage.

Judging the impact by the method of ecological scarcity 2006 (UBP) results in a higher
relative contribution of production and disposal. As a consequence, the total impact of the
system Kindergarten is slightly larger than the one of the reference system.

In terms of the global warming potential (on a time scale of 100 years), the relative
importance of the use phase, i.e. of the electricity consumption, gets yet smaller for the two
"low-carbon" electricity mixes. The result is a considerably higher GWP for the system
Kindergarten as compared to the reference system for these two cases. For the UCTE
electricity mix, the GWP is clearly dominated by the use phase and the two systems have an
equally high total impact.

In summary, the results show that the reduced electricity demand of the system Kindergarten
leads to an advantage in the use phase. The relative advantage corresponds to the ratio of
the SPFs of the two systems. For production and disposal, on the other hand, all three
indicators attribute clearly higher values to the system Kindergarten.

The relative weight of the use phase on one side and production and disposal on the other,
depend on the impact assessment method chosen and on the electricity mix.

From the perspective of a heating systems engineer it will not be possible to substantially
influence the composition of the electricity mix. Therefore, it is interesting to look at the
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impacts of the individual system components in order to identify the most relevant ones. All
three indicators get their highest contribution from the solar system (~50%). Somewhat lower
(~30%), but of the same order of magnitude, is the contribution of the basic structure of the
ice storage. In the continuation of this project, a main goal will be to determine the effect of
using different building materials, techniques and disposal scenarios for the construction of
ice storage tanks on their ecological impact.
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