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Nowadays, household refrigeration appliances belong to the standard equipment 
of most homes. Since refrigerators, freezers and refrigerator-freezer combinations 
generally operate continuously throughout their service life, they range among 
the largest energy users in the residential sector. As a consequence, policies were 
established and revised over time to improve refrigeration appliance’s efficiency 
and decrease their environmental impacts. However, certain characteristics, such 
as the efficiency loss over time were largely disregarded by previous research and, 
consequently, its impact on appliance’s energy consumption is yet unknown. Alt-
hough operational features, i.e. the daily consumer interactions with refrigeration 
appliances, were monitored in the past their influence was similarly neglected. The-
refore, this thesis followed two main objectives in order to close this research gap.

At first, the age-related efficiency loss over time was investigated. A range of new 
appliances was acquired and divided in test groups. One test group was exposed 
to fluctuating temperatures over the course of two years, whereas the other group 
was placed under constant ambient conditions. A non-destructive testing method 
(Bonn method) was developed to investigate the degrading insulation performance 
over time and applied in parallel to energy consumption measurements to all sample 
appliances. Second, a static energy model was extended to a dynamic approach by 
including changes in efficiency over time. The consumer behaviour was surveyed 
by a national questionnaire and served as input for the dynamic model to evalu-
ate the impact of behaviour on appliance’s energy consumption. A list of advice 
(best practices) on the correct handling of refrigeration appliances was compiled 

and applied to the dynamic model. At last, the 
investigated efficiency loss was implemented to a 
life-cycle assessment to estimate environmental 
impacts and monetary losses resulting from the 
degrading efficiency throughout the life-cycles of 
refrigeration appliances.

Schriftenreihe der

Haushaltstechnik Bonn
Herausgeber: Prof. Dr. R. Stamminger 

C
hr

is
tia

n 
H

üp
pe

 
  

  
  

  
 E

ffi
ci

en
cy

 lo
ss

 o
f 
ho

us
eh

ol
d 

re
fr

ig
er

at
io

n 
ap

pl
ia

nc
es

 o
ve

r 
tim

e
B
an

d 
3/

20
21



Institut für Landtechnik 

 

 

Efficiency loss of household refrigeration appliances over time and associated impacts: 

Dynamic modelling of operational features and life-cycle 

 

Dissertation 

Zur Erlangung des Grades 

 

Doktor der Ingenieurwissenschaften 

(Dr.-Ing.) 

 

der Landwirtschaftlichen Fakultät 

der Rheinischen Friedrich-Wilhelms-Universität Bonn 

 

 

von 

Christian Hüppe 

aus 

Bergkamen 

 

 

 

Bonn, 2021 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Referent: Prof. Dr. Rainer Stamminger 

Korreferent: Prof. Dr. Holm-Müller 

Tag der mündlichen Prüfung: 05.05.2021 

Erscheinungsjahr: 2021 



D 98 (Diss. Universität Bonn)

Shaker  Verlag
Düren  2021

Schriftenreihe der Haushaltstechnik Bonn

Band 3/2021

Christian Hüppe

Efficiency loss of household refrigeration appliances
over time and associated impacts: Dynamic

modelling of operational features and life-cycle



Bibliographic information published by the Deutsche Nationalbibliothek
The Deutsche Nationalbibliothek lists this publication in the Deutsche
Nationalbibliografie; detailed bibliographic data are available in the Internet at
http://dnb.d-nb.de.

Zugl.: Bonn, Univ., Diss., 2021

Copyright  Shaker  Verlag  2021
All rights reserved. No part of this publication may be reproduced, stored in a
retrieval system, or transmitted, in any form or by any means, electronic,
mechanical, photocopying, recording or otherwise, without the prior permission
of the publishers.

Printed in Germany.

ISBN 978-3-8440-8072-8
ISSN 1863-320X

Shaker  Verlag  GmbH  •  Am Langen Graben 15a  •  52353  Düren
Phone:  0049/2421/99011-0   •   Telefax:  0049/2421/99011-9
Internet: www.shaker.de   •   e-mail: info@shaker.de



 

Abstract 
 

Efficiency loss of household refrigeration appliances over time and associated impacts: 

Dynamic modelling of operational features and life-cycle 

Nowadays, household refrigeration appliances belong to the standard equipment of most homes. 

Since refrigerators, freezers and refrigerator-freezer combinations generally operate continuously 

throughout their service life, they range among the largest energy users in the residential sector. As 

a consequence, policies were established and revised over time to improve refrigeration appliance’s 

efficiency and decrease their environmental impacts. However, certain characteristics, such as the 

efficiency loss over time were largely disregarded by previous research and, consequently, its 

impact on appliance’s energy consumption is yet unknown. Although operational features, i.e. the 

daily consumer interactions with refrigeration appliances, were monitored in the past their 

influence was similarly neglected. Therefore, this thesis followed two main objectives in order to 

close this research gap. 

At first, the age-related efficiency loss over time was investigated. A range of new appliances was 

acquired and divided in test groups. One test group was exposed to fluctuating temperatures over 

the course of two years, whereas the other group was placed under constant ambient conditions. A 

non-destructive testing method ( ) was developed to investigate the degrading 

insulation performance over time and applied in parallel to energy consumption measurements to 

all sample appliances. This way, both changes in insulation properties and consumption patterns 

were evaluated. Second, a static energy model was extended to a dynamic approach by including 

changes in efficiency over time. The consumer behaviour was surveyed by a national questionnaire 

and served as input for the dynamic model to evaluate the impact of behaviour on appliance’s 

energy consumption. A list of advice ( ) on the correct handling of refrigeration 

appliances was compiled and applied to the dynamic model. The comparison between the real-life 

consumer behaviour and the  determined the share of behaviour in appliance’s 

energy consumption. At last, the investigated efficiency loss was implemented to a life-cycle 

assessment to estimate environmental impacts and monetary losses resulting from the degrading 

efficiency throughout the life-cycles of refrigeration appliances. 



 

Kurzzusammenfassung 
 

Effizienzverlust von Haushaltskühlgeräten während der Nutzungszeit und dessen 

Auswirkungen: Eine dynamische Modellierung von Betriebsmerkmalen und Lebenszyklus 

Haushaltskühlgeräte gehören heutzutage zur Standardausstattung von privaten Haushalten und 

werden in der Regel ihre gesamte Nutzungszeit über unterbrechungsfrei betrieben. Aus diesem 

Grund gehören Kühlgeräte zu den energieintensivsten Haushaltsgeräten und sind durch zahlreicher 

Maßnahmen adressiert worden. Diese hatten die Effizienzerhöhung und eine gleichzeitige 

Minimierung negativer Umwelteinflüsse zum Ziel. Jedoch blieben bestimmte Eigenschaften, wie 

der Effizienzverlust während der Nutzungszeit, in vorangegangenen Maßnahmen unberücksichtigt 

und sind in früherer Forschung nicht fokussiert worden. Daher ist der alterungsbedingte 

Effizienzverlust von Haushaltskühlgeräten weitgehend unbekannt. In ähnlicher Weise sind 

Betriebsmerkmale, d.h. die Nutzung durch den Verbraucher, zwar untersucht worden, ihr 

langfristiger Einfluss auf den Energieverbrauch aber nur unzureichend bekannt. Die vorliegende 

Dissertation verfolgt zwei Hauptziele, um diese Forschungslücke zu schließen. 

Zu Beginn der Studie lag der Fokus auf der Untersuchung des alterungsbedingten 

Effizienzverlustes. Haushaltskühlgeräte sind in Testgruppen eingeteilt und während des 

Untersuchungszeitraums unterschiedlichen Umgebungsbedingungen ausgesetzt worden. Eine 

zerstörungsfreie Testmethode ( ) bzgl. der Isoliereigenschaften ist entwickelt und 

neben Energieverbrauchsmessungen regelmäßig auf alle Untersuchungsgeräte angewandt worden. 

Somit wurden Veränderungen der Isolationseigenschaften und des Energieverbrauchs im 

Zeitverlauf evaluiert. Ein weiterer Fokus lag auf der Dynamisierung eines statischen 

Energieverbrauchmodells. Das Verbraucherverhalten ist in einer deutschlandweiten 

Onlineumfrage untersucht und als Input im dynamischen Modell eingepflegt worden. Eine Liste 

zum energieeffizienten Verbraucherverhalten ( ) wurde aufgestellt und der Output 

mit dem der realen Verbraucherinformationen verglichen. Auf diese Weise konnten 

Verhaltenseinflüsse auf den Energieverbrauch bestimmt werden. Schließlich ist der 

Effizienzverlust in eine Lebenszyklusanalyse integriert worden, um die Auswirkungen der 

Degeneration von Haushaltskühlgeräten auf die Umwelt und Wirtschaft zu evaluieren. 
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