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Retrofi t heat pumps for buildings

In this issue, a number of topical articles show examples on how heat pumps 
can contribute to less energy use in buildings. Not only the heat pump itself, but 
also the distribution system indoor is an important factor when a heat pump 
is replacing another heating system. This is exemplifi ed in one of the topical 
articles.
Non-topical articles in this issue coves heat pumps in household tumble dryers 
as well as heat pumps in district heating systems.

Also take a closer look on the 9th IEA Heat Pump Conference that is announced 
in this issue and book May 20-22, 2008 in your calendars.

Enjoy your reading!

Roger Nordman
Editor
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Foreword

It is a pleasure for me to write the foreword for this last issue of the IEA HPP News-
letter for 2006. 

After a break of several years, Germany is once again very active in the Heat Pump 
Programme, especially in the building sector and is the operating agent for Annex 
30 “Retrofi t Heat Pumps for Buildings”.

Over the past years the IEA Heat Programme has mainly been concerned with the 
technical development of heat pumps for new buildings of different sizes with the 
aim to provide more energy-effi cient heating and cooling systems.

Although, on the one hand, the market potential of heat pumps in new buildings is 
much smaller than in existing buildings, on the other hand the sales volume of heat 
pumps is much larger in new buildings than in existing buildings. For example, in 
Switzerland nearly 60% of all new one- and two-family houses are equipped with 
heat pumps, but only 5% of the heat pumps sold every year are installed in exist-
ing buildings. In the rest of Europe, heat pump markets also mainly concentrate on 
the new building sector. But, for all European countries, the retrofi t market for the 
replacement of boilers is huge. 

This provided a good reason for starting an international cooperation on retrofi t-
ting heat pumps in existing buildings. The main task of this cooperation project 
Annex 30 is to analyse the technical and market barriers of retrofi t heat pumps and 
to consider technical solutions and the economic problems. Thus, Annex 30 should 
contribute towards overcoming the market barriers in this interesting sector.

The objective of the annex is to undertake surveys of the availability, technology, 
economy, ecology and possible trends of heat pump systems to replace energy-inef-
fi cient space and tap water heating systems in existing buildings.

The main barrier for the use of heat pumps for retrofi tting is the high distribution 
temperature of conventional heating systems. This is too high for the present heat-
pump generation with a maximum economical heat distribution temperature of 
around 55°C.

The annex takes into account different solutions:
- the application of available heat pumps in buildings which have already been 

renovated so that they have a reduced heat demand
- the development and market introduction of new high-temperature heat pumps
- the use of air-to-air units in buildings without central heating systems.

The objectives will be achieved by means of joint studies carried out by the partici-
pants for each country.
                                                                                                                                
The programme is subdivided into 4 tasks:
Task 1 State of the Art, Market Analysis
Task 2 Matrix of Heat Pumps
Task 3 Overcoming Economic, Environmental and Legal Barriers
Task 4 Successful Factors for the Marketing of Retrofi t Heat Pumps

Other participants in Annex 30 beside Germany, which is also represented by sev-
eral German companies, are France, the Netherlands and Sweden represented by a 
German / Swedish company.

Five meetings have been held up till now. The Annex will be completed by the end 
of 2007 and a fi nal report with case studies and demonstration projects, documenta-
tion of R+D projects, summaries of workshops and meetings as well as recommen-
dations for future projects will be published.

Claus Börner
Executive Committee Delegate
Germany
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Columnist

This year will probably be recognised as the year when heat pumps 
fi nally took off in Europe. Hitherto, heat pumps in Europe have been 
able to develop a self-sustaining market only in small countries such 
as Sweden, Switzerland and parts of Austria. 2006 has seen a signifi -
cant growth in sales in Germany France, and Finland. Even countries 
such as the UK and Ireland are reporting a growing interest. The re-
alisation that fossil fuels are running out is becoming widespread.

Existing directives on a European level are still not strong enough 
to have a real impact on the use of renewable energy sources. Much 
more is needed. Workers within the heat pump industry pay par-
ticular interest to the ongoing discussions on the Renewable Heat-
ing and Cooling Directive. The European paper on energy effi ciency 
“Doing More With Less”, published in June 2005, set the target that 
energy from renewable energy sources should account for 12 % of 
energy supply by 2010. However, major shifts in technology often 
require some sort of helping hand from the authorities. Tax incen-
tives and different types of regulations have proven to be effective 
in many cases. As an example, it is worth mentioning the renewable 
energy regulation in Catalonia, Spain and a London borough. These 
local regulations set requirements on the use of renewable energy 
for buildings. In Sweden, heat pumps and biomass boilers have be-
come the leading technologies in the residential sector solely due to 
economic benefi ts for the end users. Clearly, regulations are needed 
to speed up the inevitable introduction of renewable energy sources. 
This is the reason why the upcoming directive on renewable heating 
and cooling is so important to Europe. We believe that heat pumps 
will be one of the most important technologies for the European 
countries to meet their Kyoto commitments. ADEME in France has 
identifi ed heat pumps as being the single most important technology 
for France to fulfi l its commitments. The present market increase in 
Europe is only the beginning of the beginning. We believe that the 
European market for heat pumps will be ten-folded in less than ten 
years from now.

Martin Forsén
President, Swedish Heat Pump Association
Chair, Strategy Committee, European Heat Pump Association

2006 The new beginning of the 
heat pump era 
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Report from United Nations Climate Change Conference

The 12th Conference of the Parties 
on Climate Change, which was also 
the 2nd meeting of the Parties to the 
Kyoto Protocol, took place in Nairobi, 
Kenya, on November 6-17, 2006.

These United Nations conferences 
are divided into two parts:
Preliminary discussions in subsidiary 
bodies on previously defi ned special 
subjects and the “high-level segment” 
at the end, during which the heads of 
delegations deliver their messages 
(Ministers of Environment, Directors 
of intergovernmental organizations, 
and Heads of non-governmental or-
ganizations).
Also, a lot of stands are run by vari-
ous organizations, generally non gov-
ernmental, and many side events are 
organized by countries and agencies.

The main challenges of this confer-
ence in Nairobi were the following: 
defi nition of a procedure for negotia-
tions for the “post-Kyoto” period, i.e. 
after 2012, for which there are no offi -
cial commitments in the present pro-
tocol; creation of an Adaptation Fund 
(there are already measures and funds 
for projects dealing with reduction of 
emissions of greenhouse gases, in de-
veloping countries, but nothing for 
adaptation to climate change, which 
will happen in any case and could in-
crease fl ooding, desertifi cation…). 
These subjects were already pre-
sented at the previous conference in 
the high-level segment and several 
meetings were programmed in or-
der to propose solutions. Progress 
has been made on the second point 
and the fund will probably be created 
next year. Nothing could be decided 
on the fi rst point, but several decla-
rations, especially during the high-
level segment, show evolution for 
the future: 
- nobody explained that climate 

change is uncertain and that we 
could postpone the implementa-
tion of measures, which was still 
the case previously according to 
certain countries;

IEA HPP Newsletter
The United Nations Climate change Conference 

- the goal of avoiding an increase 
in the global temperature of more 
than 2°C in 2050 now seems to 
have become a reference which 
needs a reduction in the emissions 
of greenhouse gases of 50% in 2050 
at a global level.

- most European countries explained 
their willingness to do more. Sev-
eral objectives were announced, 
especially by France, Germany and 
the United Kingdom: a reduction 
in the emissions by a third in the 
European Union in 2020 and by 60 
or 75% in 2050 compared with 1990 
levels.

- countries which did not ratify 
the Kyoto Protocol explained be-
fore that only voluntary measures 
should be taken and that they 
would not accept any constraints 
if no other countries accepted 
such constraints. For the fi rst time, 
an emerging country, China, an-
nounced that it will reduce its 
emissions per unit GDP energy 
consumption by 20% before 2010 
compared with 2005. Even if China 
will probably soon become the fi rst 
emitter worldwide of greenhouse 
gases, ahead of the USA and even 
if this effort is not enough regard-
ing the increase in the Chinese 
GDP, it could be a sign which could 
allow more negotiations involving 
USA, Australia and countries such 
as China, India, Brazil… The less 
developed countries, particularly 
African countries, which of course 
were well represented in Nairobi, 
are now no longer concerned by 
any commitments.

There are good signs for future ne-
gotiations, but not for immediate re-
sults (it is likely that no “after-2012” 
commitments will be decided before 
2009).

Among the various subjects dis-
cussed, one must be mentioned: the 
production of HCFC22 produces 
HFC23 as a by-product. The Clean 
Development Mechanisms (CDM) 

fi nance the destruction of HFC23 
which is a very potent greenhouse gas 
(GWP = 11 700) which indirectly en-
courages the production of HCFC22. 
It was impossible to fi nd an agree-
ment on such a little case.

However, we need to be prepared to 
implement new measures concern-
ing refrigeration and air conditioning 
in the near future, both in developed 
and developing countries:
- a more rapid phase-out of HCFCs,
- equipment consuming less 

energy...

You will fi nd hereafter the statement I 
delivered in Nairobi and also in New 
Delhi, India, where the 18th Meeting 
of the Parties to the Montreal Protocol 
took place (October 29-November 4, 
2006). I particularly emphasized the 
need to ensure better coordination 
in the Montreal and the Kyoto Pro-
tocols and I hope, this will be taken 
into consideration. A seminar will be 
organized before the next United Na-
tions Conference on the ozone layer 
in Montreal next September and this 
will probably be one of the issues dis-
cussed. 

As I explained in the statement, the 
IIR already works on replacement of 
refrigerants and on energy effi ciency 
all over the world. Heat Pumps are 
also an excellent solution for the fu-
ture: all countries, particularly devel-
oped countries, have to put a lot of 
effort into reducing their emissions 
of greenhouse gases, and the easiest 
way to do this is to reduce energy 
consumption.

Our cooperation with the IEA Heat 
Pump Programme is a particularly 
appropriate way of addressing this 
challenge.

Didier Coulomb
Director of the International Institute 
of Refrigeration
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Report from United Nations Climate Change Conference

Mr. President, Dear Delegates,

Refrigeration is at the core of two major threats to the environment: ozone depletion and global warm-
ing. Both these causes of concern have led to two different protocols, the Montreal and Kyoto proto-
cols, and both should be treated with greater international coordination; both are related, and what 
is done to alleviate the one has repercussions on the other, for better or for worse.

Refrigeration impacts on both these phenomena in two ways:
• Refrigeration uses refrigerants, some of which have a negative effect on the environment when 

emitted in the atmosphere, if the equipment is not suffi ciently tight or if the refrigerants are not 
properly recovered when disposal of the equipment takes place:

 – CFCs and, to a certain extent, HCFCs, contribute to the depletion of stratospheric ozone;
 – CFCs, HCFCs and HFCs are greenhouse gases.
 However, natural refrigerants, (ammonia, CO2, hydrocarbons) that are gradually replacing them in 

many refrigeration units, do not have a signifi cant direct impact.
• Refrigeration technologies are very energy-consuming, thus directly contributing to the emission of 

large amounts of CO2.  When including air conditioning, they account for about 15% of worldwide 
electricity use. Typically, over 80% of the global warming impact of refrigeration systems is due 
to this electricity use. Energy effi ciency, which varies according to units and refrigerants used, is 
therefore an essential element to take into consideration.

The benefi ts of refrigeration to mankind are considerable:
• refrigeration already plays an essential part in food and health-related issues; it is to become even 

more indispensable, as is shown by the increasing demand for air conditioning, caused by global 
warming;

• besides, refrigeration technology is necessary for the implementation of many future energy sourc-
es: the liquefaction of natural gas and hydrogen or thermonuclear fusion in particular, not to men-
tion the liquefaction of CO2, in view of its storage.

In order to face increasing demand, while reducing its impact on the climate, stakeholders in the 
refrigeration fi eld, and the International Institute of Refrigeration (IIR) in particular, are leading 
many actions:

• increasing research into refrigerants, in particular natural refrigerants;
• reducing refrigerant emissions thanks to better containment, reinforcing the monitoring of tight-

ness, developing systems using less fl uids;
• reducing the energy consumption of the units, with a view to bringing the fi gures down by a third 

before 2020;
• developing novel environmentally-friendly refrigeration technologies (magnetic refrigeration, so-

lar-powered units in developing countries…).

The IIR is an intergovernmental organization. It brings together 61 developed and developing coun-
tries and countries with transition economies, which represent 80% of the global population. The 
IIR’s mission is to promote and disseminate knowledge of refrigeration technology and all its ap-
plications. Thanks to the international scope of its network of experts, the IIR contributed to the 
success of the Montreal Protocol and is actively committed to the mitigation of global warming. A 
lot is still to be done for both these issues and the IIR invites all countries to join it in its task

Statement given by Didier Coulomb, 
Director of the International Institute of Refrigeration

November 2006
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Heat pump news

General

Amendment 9 of the Energy Effi cien-
cy Regulations was registered on No-
vember 2, 2006 and published in the 
Canada Gazette Part II on November 
15, 2006. http://canadagazette.gc.ca/
partII/2006/20061115/pdf/g2-14023.
pdf (see pages 1784 to 1840 in html 
fi le and pages 138 to 194 in the .pdf 
fi le) 
The amendment:
• updates the test method and in-

creases the stringency of en-
ergy performance requirements 
for central air conditioners and 
heat pumps less than 19 kW 
(65 000 Btu/h).  As a result, these 
regulations are harmonized with 
the required performance level of 
SEER 13 in the United States and 
the province of Ontario;

• increases the stringency of existing 
minimum performance require-
ments for three types of air condi-
tioners used in the commercial/in-
stitutional sector.  Packaged termi-
nal air conditioners and heat pumps 
are heating and cooling assemblies 
mounted through the wall, and 
are often found in motel and hotel 
rooms.  Large air conditioners and 
heat pumps and internal water-
loop heat pumps are used for heat-
ing and cooling large commercial 
buildings; 

• introduces regulatory requirements 
for minimum energy effi ciency re-
quirements for beverage vending 
machines and commercial reach-in 
refrigerators; 

• introduces requirements for two 
new types of residential refriger-
ating appliances: chest freezers 
with automatic defrost, Type 10A, 
and automatic defrost refrigera-
tor-freezers, with bottom-mounted 
freezer and through-the-door-ice 
service, Type 5A.  The amendment 
ensures that minimum standard 
requirements and labelling are har-
monized in Canada and the U.S. for 
these products;

Amendment to Cana-
da’s Energy Effi -
ciency Regulations 
published

•  repeals the effective date for inter-
nally lighted exit signs. This change 
will broaden the coverage of the re-
quirement to include all exit signs, 
regardless of the date of manufac-
ture;

• repeals the effective date for fl uo-
rescent lamp ballasts and intro-
duces ballast effi cacy factors for 
energy-saving lamps.  It also modi-
fi es specifi c exclusion criteria for 
certain ballasts, such as ambient 
temperature of operation and dim-
ming capabilities.  The amendment 
also allows for ballasts that operate 
a small subset of residential F32T8 
lamps to operate at a lower power 
factor than specifi ed in the current 
regulations;  

• repeals the tap range exemption for 
dry-type transformers;

• repeals the requirement of Min-
ister’s recognition of certifi cation 
bodies accredited by the Standards 
Council of Canada;

• addresses administrative items 
such as ensuring that the French 
and English versions of the Regula-
tions are identical;

• updates the numbering system of 
items included in Part I of Schedule 
I of the Regulations.  The amend-
ment also updates the Regulations 
by adding references to the newly 
available French version of certain 
CSA standards, as well as updates 
the reference of the test method for 
dishwashers.

For further information relating to 
specifi c equipment, see our bulletins 
for these products:
• Air conditioners and heat pumps 

under 19 kW (65 000 Btu/h) – link 
to  http://www.oee.nrcan.gc.ca/
regulations/march2005-ac-heat-
pumps.cfm?text=N&printview=N

• Packaged terminal air conditioners 
and heat pumps – link to  http://
www.oee.nrcan.gc.ca/regula-
tions/ac-heatpumps-sept2004.
cfm?text=N&printview=N

• Large air conditioners and heat 
pumps – link to http://www.
oee.nrcan.gc.ca/regulations/
ac-heat-pumps-bulletin2005.
cfm?text=N&printview=N

• Ground and water source heat 
pumps and internal water loop 
heat pumps – link to  http://
www.oee.nrcan.gc.ca/regula-
tions/jan2005_ground-water-heat-
pumps.cfm?text=N&printview=N

• Refrigerated beverage vending 
machines – link to http://www.
oee.nrcan.gc.ca/regulations/
vending-machines_oct2005.
cfm?text=N&printview=N

• Commercial refrigerators and 
freezers – link to http://www.
oee.nrcan.gc.ca/regulations/
reach-in-refrigerators-apr05.
cfm?text=N&printview=N  

• Self-contained commercial re-
frigerators and freezers - link to 
http://www.oee.nrcan.gc.ca/
regulations/fridge-refrigerateur.
cfm?text=N&printview=N

• Residential refrigerators/freezers 
– link to  http://www.oee.nrcan.
gc.ca/regulations/fridge-freez-
ers05.cfm?text=N&printview=N

• Fluorescent lamp ballasts – link 
to http://www.oee.nrcan.gc.ca/
regulations/fl uorescent_may2006.
cfm?text=N&printview=N

• Dry-type transformers 
– link to http://www.oee.nrcan.
gc.ca/regulations/drytype-
change-exemptions-oct2005.
cfm?text=N&printview=N

• Energy performance verifi ca-
tion program – link to http://
www.oee.nrcan.gc.ca/regula-
tions/energy-perform-sept2004.
cfm?text=N&printview=N

Effective Dates
The effective dates of this amend-
ment for the various products are as 
follows:
• Effective immediately: 
 o Air-conditioner and heat pumps  

  under 19 kW (65 000 Btu/h);
 o Package terminal air condition 

  ers and heat pumps;
 o Large air conditioners and heat  

  pumps;
 o Ground- and water-source heat  

  pumps;
 o Internal water loop heat pumps;
 o Fluorescent lamp ballasts;
 o Dry-type transformers
 o Exit signs;
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 o Residential refrigerators/freez 
  ers; and 

 o The changes to the criteria for  
  energy effi ciency verifi cation or 
  ganizations.

• Effective January 1, 2007: 
 o Refrigerated beverage vending  

  machines. 
• Effective April 1, 2007: 
 o Self-contained commercial re 

  frigerators and freezers; and
 o Commercial refrigerators and  

  freezers. 
This amendment to the Energy Effi -
ciency Regulations was pre-published 
in the May 6, 2006 edition of Canada 
Gazette, Part I http://canadagazette.
gc.ca/partI/2006/20060506/pdf/g1-
14018.pdf for a period of 75 days, 
during which all stakeholders were 
invited to comment. Comments were 
received throughout this period, and 
there were some small changes to the 
amendment in response to stakehold-
er input.
Source: http://canadagazette.gc.ca

European Centre for 
Advanced Studies 
in Thermodynam-
ics (ECAST) Ilya Pri-
gogine Thermody-
namics Prize, 2007
Call for applications 
The Ilya Prigogine Prize awards an 
amount of 2000 Euros in addition to 
a diploma. The prize honours PhD 
theses or equivalent work carried 
out by young researchers, defended 
or published between January 2005 
and January 2007. All aspects and 
branches of thermodynamics are 
considered, from applied and experi-
mental work to the most theoretical 
aspects. 

This prize, organized by ECAST, was 
established by the Nobel Prize lau-
reate I. Prigogine personally, while 
he was alive. Every two years, it is 
awarded to a promising young re-
searcher in thermodynamics for 
his/her PhD thesis, or for equivalent 
work. It was fi rst awarded in 2001 
in Mons, Belgium, during the JETC 
7 (Joint European Thermodynamics 
Conference).  The second time was 

in 2003 in Barcelona, Spain, during 
JETC 8, and the third time in 2005 
at a thermodynamics workshop in 
Udine, Italy.

Applications will be examined by 
a selection committee of about ten 
scientists from different European 
countries, who will either act as ex-
perts themselves and/or will choose 
the best experts in the domains con-
cerned. The composition of the selec-
tion committee will be made public.
 
The prize will be conferred solemnly 
during the JETC 9 meeting to be held 
in Saint-Etienne, France, June 11-14, 
2007, when the recipient will give an 
oral presentation of his/her work. 
Candidates will be informed of the 
results by the end of April 2007.

Application:  the following docu-
ments are required:
- two paper copies of the thesis or 
other work (which will be returned)
- a short English abstract (no more 
than two pages)
- the reports of the jury or the review-
ers of the thesis, if any
- a CV of the applicant, in English
- a list of publications
- if the manuscript is not in English, 
a ”long” (20 pages) summary in Eng-
lish
- a CD containing pdf or Word fi les of 
all above documents 

Deadline
February 14th 2007 

Address for sending documents
Attention:  Marie Blanchet, CERET, 
ENSIC-INPL BP 451
1 rue Grandville, 
FR-54001 Nancy Cedex, 
France
Marie.Blanchet@ensic.inpl-nancy.fr

Buildings of the 
future 
The (German) “Energy-Optimised 
Construction” research programme 
has been modifi ed, so that its ob-
jective is presented by the heading 
“Buildings of the future”. 
For newly constructed buildings, 
topics such as halving of primary 

energy demand in accordance with 
EnEV 2006, up to “zero-emissions 
buildings” standards, are covered, 
as are various other requirements.  
To complement this, the programme 
also includes renovation.  The new 
website for the EnOB projects and 
activities is introduced in a compact 
and concise form under the head-
ings “New Building Construction” 
and “Renovation”, complemented 
by further relevant information and 
detailed scientifi c descriptions of 
projects. 
The heading “New Materials”, intro-
duces research projects, technologies 
and systems for building technolo-
gies, all of which have been tested 
under actual operating conditions. 
All the material is described in Ger-
man.
Source: energy-server newsletter 
Issue 61 2006/11/23

What’s hot when 
Swedes are looking 
for new houses
An investigation by the Swedish 
real estate broker Skandiamäklarna 
showed the following top priorities 
when people are looking for a new 
home:
1. Close to open water (74 %)
2. Large kitchen (74 %)
3. Good communications (71 %)
4. Open architecture (67 %)
5. Ground source heat pump installed 

(66 %)
6. Garage (66 %)
7. Wooden fl oors (63 %)
8. Close to recreation areas (58 %)
9. Large bathroom (53 %) 
10. Fireplace(42 %)

Source: www.skandiamaklarna.se (In 
Swedish)

Germany’s EU presi-
dency focuses on 
EE, RES and climate 
change 
Energy effi ciency, renewables and 
climate change will top the agenda of 
the German EU presidency. Germa-
ny will take over the EU presidency 
from Finland in January 2007. Ger-
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man chancellor Angela Merkel an-
nounced that the German EU presi-
dency will promote efforts to reach 
an agreement on what is to follow 
the Kyoto Protocol.
Source: www.europa.eu

ITER gets fi nal 
go-ahead 
The world’s most expensive science 
experiment, the ITER project, aims 
to produce energy the way the sun 
does, via fusion.
The ITER fusion research project was 
offi cially signed by the seven part-
ners committed to its construction - 
the EU, China, India, Japan, Russia, 
South Korea and the United States 
- on 21 November 2006.
Construction of the ITER reactor in 
Cadarache, southern France will start 
in 2007 and take at least ten years. 
The EU will contribute around 50 % 
of its total costs, estimated at EUR 10 
billion, with the other partners con-
tributing up to 10 % each. An experi-
mental reactor could be fully opera-
tional by 2040.
Supporters of the project claim that 
nuclear fusion will result in an envi-
ronmentally friendly, cost-effective 
and potentially inexhaustible sup-
ply of energy that will eventually 
replace oil and gas. They also expect 
the project to create some 10 000 new 
jobs. 
Opponents say that it is a waste of 
money and fear that it will reduce 
funding for research on renewable 
energy sources, which are closer to 
breakthrough and could bring re-
sults sooner, while environmentalists 
argue that fusion is neither clean nor 
safe. 
Source: Euroactiv Newsletter 2006-11-
24

Substantial interest 
in EFFSYS 2
Sweden The Swedish Energy Agen-
cy has launched the EFFSYS 2 re-
search programme. Building on the 
former EFFSYS programme, the new 
programme is aimed at making heat 
pumping and refrigeration technol-
ogy more effi cient. In this respect, 
both components and systems are 

meant to become more effi cient. The 
total budget for this program is SEK 
70 million, with SEK 28 million from 
government, and SEK 42 million 
from industry.
When the call was closed, more 
than 40 ideas had been submitted, 
with which the chairman of the pro-
gramme, Professor Erik Granryd, 
was very pleased.
Source: Energi och Miljö #9, 2006 (in 
Swedish)

EU off track from 
Kyoto targets, says 
EEA
Europe With existing policies in 
place, only the UK and Sweden will 
be able to deliver on their pledge to 
reduce greenhouse gas emissions, ac-
cording to new fi gures by the Euro-
pean Environment Agency (EEA).
EU-15 countries will need to step up 
their efforts if they are to meet their 
overall target to reduce emissions 
of global warming gases and meet 
their Kyoto commitments, the EEA 
warned on 27 October.
According to a new report by the Co-
penhagen agency, ’Greenhouse-gas 
emission trends and projections in 
Europe 2006’, existing policies will 
have slashed greenhouse gas emis-
sions in the EU-15 by only 0.6 % in 
2010 - a far cry from the 8 % it com-
mitted to achieve by 2012.
Looking at national commitments 
- the individual share of the overall 
burden that EU countries have dis-
tributed among themselves - only 
Sweden and the UK are on track to 
deliver, the EEA said.
Source: EurActiv newsletter, 2 Novem-
ber 2006

Europe’s plan to cut 
energy consumption 
by 20 % by 2020
Europe On 19 October, Energy Com-
missioner Andris Piebalgs presented 
his action plan to cut Europe’s energy 
consumption by 20 % over the next 
14 years. If successful, the EU could 
save more than EUR 100 billion per 
year. The plan would also help to cut 
the EU’s CO2 emissions, and there-

fore contribute to reaching the Kyoto 
targets.
The Energy Effi ciency Action Plan 
will be introduced over a period of 
six years. More than 75 actions were 
identifi ed in ten priority areas:
• New energy performance stand-

ards for various product groups 
such as boilers, copiers, TVs, light-
ing (from 2007); 

• new energy standards for build-
ings and for promoting low-en-
ergy buildings (”passive houses”) 
(2008-9); 

• making power generation and dis-
tribution more effi cient (2007-8); 

• possible legislation to limit CO2 
emissions from cars to 120 g/km 
by 2012 (2007); 

• facilitate bank fi nancing for in-
vestments in energy effi ciency by 
SMEs and energy service compa-
nies (2007-8); 

• boosting effi ciency in new member 
states; 

• coherent use of taxation with the 
preparation of a Green Paper on 
indirect taxation in 2007; 

• awareness and education cam-
paigns; 

• improving energy effi ciency in ur-
ban areas through a ”Covenant of 
Mayors” (to be created in 2007), 
which will exchange best practices, 
and; 

• international agreements to foster 
energy effi ciency worldwide.

Source: EurActiv Newsletter: Energy

Will energy plan lead 
to less energy use?
The Energy Action Plan, set to be 
adopted on 19 October, foresees 
more than 75 actions to achieve a 
20 % reduction of Europe’s energy 
consumption by 2020. But several en-
ergy experts question whether higher 
energy effi ciency automatically leads 
to less energy consumption.

Energy Commissioner Andris Pie-
balgs will present his long-awaited 
action plan on energy effi ciency on 19 
October, consisting of a catalogue of 
EU-wide measures to make Europe’s 
economies more energy-effi cient. The 
plan is a follow-up to the 2005 Green 
Paper, which started a stakeholder 
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consultation on achieving the goal of 
reducing energy consumption in the 
EU by 20 % by the year 2020. 

Energy effi ciency has become one 
of the Commission’s (and member 
states’) answers to the double chal-
lenge of global warming and the 
EU’s increasing energy dependency 
on oil and gas from the Middle East 
or Russia. In the United States, en-
ergy effi ciency is much lower on the 
political agenda, because of US citi-
zens’ reluctance to reduce their ”en-
ergy hunger”.

Although energy effi ciency has re-
cently received more political atten-
tion, there are still questions over 
the effectiveness of particular poli-
cies. Several energy economists have 
questioned whether energy effi cien-
cy measures really do bring energy 
savings on a macro-economic scale. 
Building on the work of nineteenth-
century economist Stanley Jevons, 
they have looked at the ”rebound” 
or ”take-back” effects of energy ef-
fi ciency policies. This effect takes 
place when the energy savings pro-
duced by the measure are taken back 
by consumers in the form of higher 
consumption. Consider, for exam-
ple, a household which has made 
big energy savings over the year.  At 
the end of the year, it might decide 
to buy a new car with the money it 
saved. It is questionable therefore 
whether, on a macro-economic level, 
the household has contributed to less 
energy consumption.

A report  produced in 2005 by the 
UK House of Lords’ Science and 
Technology Committee as a response 
to the EU’s Green Paper drew atten-
tion to this issue which, in academic 
circles, is also known as the ”Khaz-
zoom-Brookes postulate”. 

A 2005 study by the International 
Energy Agency looked at the ener-
gy effi ciency critics and concluded: 
”Energy effi ciency analysts who sug-
gest that the rebound effect erodes 
some of the energy savings due to 
technical effi ciency improvements 
do make a valid point, based on the 
empirical evidence. Some consumers 

and businesses will increase their de-
mand for energy services as the cost 
of the service declines. But empirical 
evidence suggests that the size of the 
rebound effect is very small to mod-
erate, with the exact magnitude de-
pendent on the location, sector of the 
economy, and end use”.

Although most experts now accept 
the existence of this rebound effect, 
the debate continues over its magni-
tude. In the UK, the Energy Research 
Centre (UKERC) is conducting an 
in-depth study of the magnitude and 
importance of the rebound effect of 
energy effi ciency policies. 
Commission offi cials working on the 
preparation of the action plan con-
fi rmed to EurActiv that they have 
looked into the possible rebound ef-
fects, and have calculated them into 
the 20 % target.
Source: EurActiv Newsletter

Corporate America 
gets hot on climate 
change
USA The Pew Center on Global Cli-
mate Change released its new study 
”Getting ahead of the curve: corpo-
rate strategies that address climate 
change” on 18 October.
”Climate change poses real risks 
and opportunities that companies 
must begin planning for today, or 
risk losing ground to their more for-
ward-thinking competitors,” Eileen 
Clausen, president of the Pew Center, 
argues in the foreword to the study.
The report includes a ’How To’ 
manual for companies interested in 
developing effective climate-change 
policies. The authors of the report 
worked with companies such as Al-
coa, DuPont, Shell and Whirlpool, 
and used their best practices to de-
velop a handbook for other compa-
nies that want to start with effective 
policies.
The growing concerns of US com-
panies about the impact of climate 
change stand in stark contrast to a 
number of European business leaders 
who are urging the EU to reconsider 
its world leadership position on the 
issue. According to many European 

CEOs, the European emissions-trad-
ing scheme is undermining indus-
try’s competitiveness.
US companies are not alone in not 
following the Bush administration’s 
hesitation on climate change. More 
than 266 US mayors have signed 
the US Mayors’ Climate Protection 
Agreement and, in California, Gov-
ernor Arnold Scharzenegger recently 
signed a strong climate-change law 
for his state.
The American companies inter-
viewed in the Pew study expect the 
next US government to produce new 
climate-change regulations by 2010. 
Eileen Claussen of the PEW Center 
does not believe that the US will join 
the Kyoto Protocol, but ”it is likely 
climate change regulations in the US 
will go beyond Kyoto”, she said.
Source: EurActiv Newsletter: Energy
ASHRAE forms sustainable metrics 
group 
A new technical research group fo-
cusing on sustainable building guid-
ance and metrics has been created by 
ASHRAE. 
The group will develop design guid-
ance, performance metrics and rating 
systems to integrate indoor environ-
mental quality, energy effi ciency and 
other aspects of sustainable building 
performance. It will work with other 
organizations to integrate HVAC&R 
systems with other building systems 
to enhance the effectiveness of total 
building design and integrated prac-
tice.
Source: ASHRAE Insights



IEA Heat Pump Centre Newsletter Volume 24 - No. 4/2006 www.heatpumpcentre.org
11 11

Heat pump news

Technology & Applications

Research Lays 
Groundwork for 
More Effi cient Air 
Conditioning System 
Designs Using Flat-
tened Tube Heat Ex-
changers
Arlington , VA —Replacing tradi-
tional round tube heat exchangers 
with fl attened tube technology may 
enable the air conditioning industry 
to provide comfort cooling using a 
new refrigerant, while increasing ef-
fi ciency, but not the system’s size. 
A newly released Air-Conditioning 
and Refrigeration Technology Insti-
tute (ARTI) report characterizes how 
fl attened-tube heat exchangers func-
tion under various environmental 
conditions and pressures. 
To read the fi nal report, “High Per-
formance Heat Exchangers for Air-
Conditioning and Refrigeration Ap-
plications (Non-circular Tubes),” 
go to http://www.arti-research.
org/research/completed/finalre-
ports/20021-fi nal.pdf.
Contact: Colleen Hughes
ARI Public Affairs, 703-600-0331
Source www.ari.org

Dedicated brazed 
plate heat exchang-
ers (CBE) for Heat 
Pumps
Sweden Swedish brazed plated 
heat exchanger (CBE) manufacturer 
SWEP International AB launch dedi-
cated product range for heat pumps. 
Based on more than 15 years of expe-
rience working with dedicated heat 
pumps, SWEP launches the Nordic 
Heat Pump (NHP) product range. 
These heat exchangers are intended 
and dedicated for heat pump appli-
cations. 

Recognizing the different operating 
conditions of evaporators and con-

densers, the NHP range consist of 
dedicated CBEs with different plate 
geometry and optimized distribution 
system to improve performance and 
cost-effi ciency for both the evapora-
tor and condenser function. 
The NHP units have been verifi ed in 
accordance with the European test 
standard EN14511:2004 in laboratory 
tests and real-life heat pump instal-
lations to ensure high reliability and 
seasonal performance. 
The SWEP calculation program, SSP, 
is updated with the NHP product 
range and helps heat pump manu-
facturers to pinpoint the perform-

ance according to the market require-
ments. 
For further information please con-
tact SWEP or Product Manager NHP 
Adam Dahlquist (adam.d@swep.
net)  
Source: www.swep.net

Houses of the future 
to be ’self cooling’
A new study from Zurich Insurance, 
in conjunction with Arup Associates, 
has suggested that the homes of the 
future could pose a threat to the air 
conditioning industry. 

The research claims that houses will 
be designed in such a way that they 
are able to self-cool, with pipes car-
rying cooled, recycled water into and 
around beams and ceilings. 
Such an option could come into use 
to compete with the high levels of 
energy consumed by current cooling 
systems, meaning that air condition-
ing companies will need to develop 
more energy effi cient units to remain 
competitive. 
Air conditioning systems may also 
need to run on renewable energy 
supplies to make them competitive 
in the future, if Zurich’s predictions 
are correct. 
Zurich also claims that houses of the 
future will be self-heating, with solar 
panels and gas-fi lled triple-glazed 
windows providing warmth during 
the winter months.
Source: ACR news 15/12/2006

ASERCOM Energy 
Effi ciency Award 
2006   
The ASERCOM Energy Effi ciency 
Award 2006 granted for a new con-
trol of refrigerant fl ow.

Innovative developments for energy 
saving in the fi eld of refrigeration, 
heat pumps and air conditioning, 
that promise to be successfully mar-
keted, can be proposed for the ASER-
COM Award.
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Source: Risto Ciconkov

The 2006 price-winning company is 
the Swedish Bubble Expansion Valve 
BXV(R) AB, for an innovative expan-
sion device, effecting a better over-
all refrigerant heat transfer in the 
evaporator, and thus better system 
effi ciency.

In small and medium-sized refriger-
ation units, a dry expansion system, 
controlled by a thermostatic valve, 
is common practice. This system re-
quires that the vapour should leave 
the evaporator in a superheated 
state. This means that part of the 
evaporator is used to attain a dry, su-
perheated condition, which reduces 
the overall heat transfer of this com-
ponent. This drawback is not found 
with fl ooded evaporators, which 
are used in large industrial applica-
tions. In these types of systems, more 
liquid refrigerant is supplied to the 
evaporator than is evaporated in one 
pass. The surplus of liquid, not evap-
orated at the outlet, is re-circulated. 
These ’liquid overfeed’ fl ooded sys-
tems show excellent refrigerant-side 
behaviour of the evaporator because 
the entire surface is working under 
boiling heat transfer conditions.
Expansion of the liquid refrigerant in 
these industrial units is controlled by 
a fl oat valve, preventing liquid from 
accumulates in the condenser, and 
thus keeping the condenser inter-
nally empty.

The award-winning invention aims to 
extend the liquid overfeed system to 
small equipment as well. Expansion 
(throttling) is controlled by a valve, 
the position of which is derived from 
the condition of no liquid level in the 
condenser, similar to the fl oat valve 
system described above. The new 
device allows liquid, together with 
a small amount of gas, to leave the 
condenser. This uncondensed gas 
‘slipstream’, which of course must be 
low, is measured and provides a sig-
nal for the expansion valve. The new 
device incorporates an ejector for 
good fl uid recirculation in the evapo-
rator loop, a small drum to separate 
fl ash gas, and a unit to return oil to 
the compressor, heated by subcool-
ing of the liquid from the condenser. 

All these functions are integrated 
into a compact unit, which needs no 
electronic controls. In addition to the 
gain due to better use of the evapora-
tor, the new device improves the per-
formance of the condenser (no liquid 
build up), the pressure in which can 
vary with the seasonal and daily air 
temperature (fl oating pressure).

The energy savings depend on the 
type of equipment and whether or 
not electronic thermostatic expan-
sion devices are used in the systems 
with which it is compared. However, 
energy savings between 10 and 20 % 
can be attained. In the light of these 
energy savings and the anticipated 
costs for the system, it is expected 
that the new system can, in several 
applications, compete successfully 
with the traditional dry expansion 
equipment with superheating con-
trols.
Source: www.asercom.org

Transcritical CO2 
systems make their 
way to supermarkets
Sweden The Swedish company 
Friginor in Luleå has installed a tran-
scritical CO2 system in a supermar-
ket in Luleå, Sweden. Even though 
high ambient temperatures are usu-
ally said to be diffi cult to transcriti-
cal CO2 systems, the start-up of this 
run perfectly in 32 °C ambient condi-
tions. 

Friginor thinks that CO2 is the future 
and says that, according to the Swed-
ish refrigerant directive, one should 
choose systems that give the least 
environmental damage. The often-
mentioned obstacle that components 
are not available is also exaggerated:  
the components are there, it’s just a 
matter of fi nding them.
Source: Kyla #6, 2006 (in Swedish)

Ongoing Annexes
Bold text indicates Operating Agent.

Annex 29
Ground-Source Heat Pumps - 
Overcoming Market and Technical 
Barriers 29 AT, CA, JP, NO, SE, US

Annex 30
Retrofi t heat pumps for buildings 30 DE, FR, NL

Annex 31
Advanced modelling and tools for 
analysis of energy use in supermarkets. 31 CA, DE, SE, US

Annex 32
Economical heating and cooling 
systems for low-energy houses. 32 CA, CH, DE, NL, SE, US, JP, AT, 

NO

Annex 33
Compact Heat Exchangers In Heat 
Pumping Equipment 33 UK, SE, US, JP

IEA Heat Pump Programme participating countries: Austria (AT), Canada (CA), France (FR),
Germany (DE), Japan (JP), The Netherlands (NL), Norway (NO), Sweden (SE), Switzerland (CH), 
United Kingdom (UK), United States (US). All countries are members
of the IEA Heat Pump Centre (HPC). Sweden is Operating Agent of the HPC.
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IEA Heat Pump Programme

GENERAL

The 9th IEA Heat 
Pump Conference
Early Notice – Call for Papers

May 20-22, 2008, Zürich, Switzerland

The Conference program will cover 
the following topics:
• Technology – advances in equip-

ment design and development
• Systems - advanced electrically and 

thermally operated systems, and 
ground source systems

• Applications – demonstrated en-
ergy effi ciency and environmental 
advantages

• Research and development – new 
developments in heat pumping 
technologies

• Policy, standards and market strate-
gies - government, utility and pro-
fessional society activities related to 
heat pumps

• Markets – market status, trends and 
future opportunities

• International activities – discussion 
of actions in response to climate 
change initiatives.

Papers: Papers will be presented both 
orally and as posters. If you are inter-
ested in submitting a paper, please 
contact your Regional Coordinator or 
see the conference website. Deadline 
for a 200-300 word abstract is April 
30, 2007.

Workshops: There will be opportu-
nities for organisation of workshops 
before and during the Conference. In-
terested organisations should contact 
one of the Regional Coordinators.

Exhibition: There will be an exhibi-
tion in connection with the Confer-
ence. For those interested in exhibit-
ing, please contact your Regional Co-
ordinators.
Web: For more information, please 
log on to the Conference website at:
www.hpc2008.org

Regional Coordinators
For information on papers and work-
shops, conference program, etc., 
please contact the Regional Coordina-
tor for your area:
• Asia and Oceania: Mr. Takeshi 

Yoshii, yoshii@hptcj.or.jp
• North America: Mr. Gerald Groff, 

ggroff2@twcny.rr.com
• Europe and Africa: Mrs Monica Ax-

ell, monica.axell@sp.se

Annex 33 
Compact heat exchangers in heat 
pumping equipment
This Annex, which commenced activ-
ities in the autumn of 2006, is aimed 
at widening the use of compact heat 
exchangers (CHEs) in heat pumping 
systems.  It is believed that these will 
improve effi ciencies, minimise fl uid 
inventories and reduce package size.  
The data collected during the Annex 
will, it is hoped, quantify the possible 
benefi ts from CHE use, and also high-
light any concerns.

The objective of the Annex is to 
present a compilation of possible op-
tions for compact heat exchangers, 
used as evaporators, condensers and 
in other roles in heat pumping equip-
ment.  The aim is to minimise the 
direct and indirect effect on the local 
and global environment due to opera-
tion of, and ultimate disposal of, the 
equipment.

The activities will include market re-
search, evaluation of the performance 
of compact heat exchangers relevant 
to heat pumps, evaluation of prop-
erties and operating limits of such 
equipment, and information dissemi-
nation. There will be opportunities for 
open meetings at which industry and 
academia can put forward their views 
and contribute to the project.

Operating Agent for the Annex is the 
School of Engineering and Design, 
Brunel University in London, UK, 
represented by Professor David Reay 
or Deputy, Dr. Peter Kew of Heriot-
Watt University, Edinburgh.

The Vice-Operating Agent is the 
Royal Institute of Technology (KTH), 
Department of Energy Technology, 
SE-100 44 Stockholm, Sweden, repre-
sented by Professor Bjorn Palm, and 
the USA and Japan are also participat-
ing in the Annex.

Topics for the next 
year decided
The following topics have been de-
cided for the Newslett
er next year:
March 2007: Industrial heat pumps
June 2007: Mobile air conditioning
September 2007: Development trends 
for heat pump components and con-
trol
December 2007: Combining heat 
pumps and other renewable technol-
ogies (solar, wood, fuel cells etc.) 

All readers are welcome to submit 
articles on these topics. Contact the 
editor Roger Nordman for further in-
structions, roger.nordman@sp.se

The photo shows a compact heat transfer surface used in heat exchangers produced by Chart 
Energy & Chemicals, Inc.
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Markets

Heat pumps now part 
of EU-25 energy sta-
tistics
Intensive information activities of 
EHPA representatives during the last 
months have helped heat pumps to 
be included in the EU-25 energy sta-
tistics for the fi rst time. The EHPA 
highly welcomes this break-through.

The newly published EU-25 Energy 
Fiches (TREN C1) now lists the fol-
lowing RES Heat sources:
1. Biomass (thermal) 
2. Solar heating 
3. Geothermal (thermal, exclude heat 

pumps) 
4. Heat pumps

Source:EHPA

Energy-saving-
system:  certifi ed 
heat pump installer 
awarded with the 
Austria energy globe 
Over 1400 participants attended the 
award show for the Austrian Energy 
Globe on 24th of November. The En-
ergy Globe is awarded to projects 
from all over the world which make 
careful and economical use of re-
sources and employ alternative en-
ergy sources. The winning projects 
are presented in the categories of 
earth, air, fi re, water and youth at a 
TV gala, which is broadcast by inter-
national TV stations reaching 2.5 bil-
lion households. 

Every year, about 700 projects from 
all over the world are submitted in 
the Energy Globe Award competi-
tion. Submitted projects are described 
in the Energy Globe data base, which 
is accessible in the near future for in-
terested persons. It is today’s most 
prestigious and acknowledged envi-
ronmental award. The Energy Globe 
aims at informing the international 
public about as many sustainable and 
reproducible projects as possible. 

The winners of the Fire category were 
the M-Tec Mittermayr GmbH and 
Hauser GmbH companies with their 
Energy Saving System (ES). This sys-
tem uses the waste heat of cooling 
systems - which is normally not used 
– for heating. Additionally, at times 
of peak demand, the heat pump 
can provide indirect energy from 
geothermal sources. In summer, the 
system is perfect for effi cient cooling 
of buildings. The heat is distributed 
via a fl oor heating system. Using 
the technology, 30 – 35 % of running 
costs could be saved.  In addition, 
there are environmental benefi ts due 
to the fact that 30 % less refrigerant 
is needed, meaning that substantial  
CO2 savings could be achieved. More 
than 30 supermarkets in Austria ben-
efi t from the system. The M-Tec com-
pany specialises in planning and in-
stallation of heat pump systems. Mr 
Klemes Mittermayr is also a certifi ed 
heat pump installer. 

For further information, please visit 
the following web sites: 

M-Tec: www.m-tec.at
LGWA: www.lgwa.at 
EU-Cert Projekt: http://eucert.fi z-
karlsruhe.de/
Zertifi zierte Wärmepumpeninstalla-
teure: www.arsenal.ac.at 
Klima:aktiv „wärmepumpe“: www.
waermepumpe.klimaaktiv.at

The group picture shows Mr. Anschober – representative of the Upper Austrian Government, 
Mr. Mittermayr – a certifi ed heat pump installer – a representative of the company Hauser 
and Mr. Windtner, managing director of Energie AG Oberösterreich.

For more information please contact: 
The Austrian Heat Pump Associa-
tion
Mag. Martina Höller
E: martina.hoeller@lgwa.at
T: 0043+ (0) 7229-70452
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Introduction
Fort Polk, the world’s largest instal-
lation of geothermal heat pumps, 
was funded by $18.9 million in pri-
vate capital, with no investment by 
the U.S. federal government except 
for procurement and administrative 
costs. Private investors, through an 
ESCO (Energy Services Company), 
realized that GHPs inherently pay 
for themselves. The U.S. Army and 
the ESCO share the cost savings over 
the life of a 20-year contract, allow-
ing Fort Polk to exceed the mandate 
for 35% reduction in energy use by 
2010, outlined in the Energy Policy 
Act of 1992. With heating, air condi-
tioning, and water heating respon-
sible for 74% of residential energy 
use (and 50% of commercial energy 
use) on a national basis (in the U.S.), 
widespread use of GHP systems 
could generate signifi cant savings 
for energy utilities and end users. 

GHP systems consist of simple, 
proven components. The technology 
is not new. The fi rst recorded system 
was shown in a 1912 Swiss patent. 
Ground water or “open loop” heat 
pumps have been used successfully 
since the 1930s. The Edison Elec-
tric Institute (EEI) sponsored closed 
loop research (like the Fort Polk ap-
plication) in the 1940s and 1950s, al-

Fort Polk Installation Demonstrates 
Retrofi t Potential of Geothermal 
Heat Pumps

Jeff Hammond, USA

A recent independent study prepared for the U.S. Department of Energy by Oak Ridge National Laboratory (Hugh-
es, et al, 1998) demonstrates that geothermal heat pumps (GHPs) provide substantial benefi ts to the end user, the 
electric utility industry and the environment. A comprehensive 4,003-home retrofi t project was conducted at Fort 
Polk, Louisiana where the existing heating and cooling systems (560 gas furnace/electric air-conditioner systems 
and 3443 air-source heat pump systems) were replaced by GHPs with desuperheater water heaters. In addition ex-
isting incandescent lighting fi xtures were replaced by high-effi ciency fl uorescent or compact fl uorescent fi xtures, 
and existing shower heads were replaced by low-fl ow shower heads. Evaluation of this massive retrofi t showed that 
it reduced electrical consumption in the 4003 residences by 26 million kWh (33%) while altogether eliminating con-
sumption of 27,425,000 Mj of natural gas. Peak demand was reduced by 7.5 MW (43%), and the power factor was 
increased from 0.52 to 0.62 . Emissions of CO2 have been reduced by an estimated 20,321,000 kg per year at the Ft 
Polk site. The GHPs alone are credited with 66% of the electricity savings and all of the natural gas savings (Hugh-
es and Shonder, 1998) accounting for about 14,900,000 kg of the total annual CO2 emissions reduction

though the lack of suitable material 
for closed loop piping slowed inter-
est. U.S. researchers (Oklahoma State 
University, among others) began in-
vestigating geothermal closed loop 
systems again in the 1970s with the 
advent of polyethylene pipe, which 
is ideal for the application. GHP sys-
tems have been gaining in popular-
ity every since.

GHP Systems
In general, GHP systems consist of 
three components, (1) a geothermal 
(or water source) heat pump, (2) a 
heat source/sink (closed loop pip-
ing system) and (3) a distribution 
system (forced air ductwork or hy-
dronic piping). A geothermal heat 
pump “moves” energy to or from 
the ground, instead of to or from the 
air like traditional heat pumps, giv-
ing the GHP system the advantage 
of working with a very mild heat 
source/sink – the ground.

1 Power factor is the ratio between power (in 
Watts) and V-A (Volt-Amps), which is important 
to the electric company, since the company bills 
for Watts, but supplies V-A to the customer.  The 
closer the power factor is to 1, the less power 
factor correction is necessary via capacitors or 
inductors, thus lowering power generation and 
transmission costs.

The heat source/sink consists of 
polyethylene pipe (usually 19mm or 
25mm diameter), arranged accord-
ing to the geography of the land. One 
loop piping system is not better than 
another; the loop is tailored to the 
available land space, with loop length 
adjusted accordingly (e.g. horizontal 
loops require more piping than ver-
tical loops, due to the more shallow 
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burial depth). A water and antifreeze 
solution is pumped through the pip-
ing system. The water/antifreeze so-
lution transfers heat from the earth 
to the heat pump refrigeration circuit 
(or from the heat pump refrigeration 
circuit to the earth), which transfers 
heat to or from the distribution sys-
tem.

The distribution system consists of 
forced air ducting or hydronic pip-
ing. A forced air ducted system uses 
a fan and ductwork to deliver heated 
or cooled air via registers and grilles 
to the structure being conditioned. 
GHPs offer warmer air temperatures 
in heating for forced air systems than 
traditional air-source heat pumps 
due to the milder heat source they 
use. In cooling, GHPs provide ex-
cellent dehumidifi cation and cool, 
refrigerated air. A hydronic distribu-
tion system may be used instead of 
a forced air system. Some examples 
include radiant fl oor heating, fan coil 
units and snow melt.

Diverse Applications 
for GHPs
Almost any building can benefi t 
from a GHP system. Schools, assisted 
living communities, offi ce buildings 
and residential homes are but a few 
examples. Any building that has an 
available space for loop piping of 0.1 
to 0.3 m2 per kW is a good candidate 
for a GHP system, even if the avail-
able space is under a parking lot or 
under the building. Where a reten-
tion pond is required for parking lot 
runoff, a GHP system can become 
not only the most effi cient HVAC 
system, but may even be the lowest 
fi rst cost (installed) system.

GHP systems can drastically reduce 
utility power generation require-
ments when compared to other sys-
tems. At Fort Polk, 0.32 kW peak 
demand reduction was realized for 
every installed kW of cooling capac-
ity. This equates to peak demand 
reduction of 285 kW for every 9,290 

m2 building or for every 71 homes. 
If GHP systems were implemented 
on a widespread basis, power com-
panies could avoid building new 
power plants. Using the fi gures from 
Fort Polk, a 400 MW gas turbine gen-
erator could be redirected for use 
elsewhere for every 99,500 homes 
or for every 1,400 buildings of 9,290 
m2 converted to GHP. In the past ten 
years since Fort Polk was started, 
heat pumps have become even more 
effi cient, some with almost twice the 
effi ciency, further enhancing generat-
ing capabilities (peak reduction). The 
increase in load factor with GHP sys-
tems helps level peaks and increase 
generating effi ciency.

GHP systems are environmentally 
friendly. Based upon data supplied 
by the U.S. Department of Energy 
(NREL 1998), if just 100,000 addi-
tional homes in the US converted to 
a GHP system, CO2 emissions could 
be reduced by over 200 million kg 
per year!
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Residential GHP systems gener-
ally cost more to install than other 
HVAC systems. The additional cost 
is primarily the ground loop piping 
system, since the heat pump and dis-
tribution system are similar in cost to 
other technologies (e.g. furnace/air 
conditioner or air source heat pump). 
Initial cost for commercial GHP sys-
tems really depends upon a base sys-
tem comparison. For example, GHP 
system initial cost is higher than a 
constant volume packaged rooftop 
unit, but the same or less than a 4-
pipe VAV (variable air volume) sys-
tem. Depending upon a base system 
comparison, peak demand and kWh 
savings will vary. However, GHP 
systems still have the most favora-
ble operating cost and load profi le of 
any HVAC system.

GHP systems have a proven track 
record for reducing operating costs 
for end users, lowering peak de-
mand/improving load factor for 
utility companies and creating a 
more environmentally friendly heat-
ing and cooling system for society 
in general. The independent study 
of the Fort Polk GHP retrofi t instal-
lation provides a benchmark for the 

endless possibilities of applying the 
technology on a widespread basis.

Conclusions
In conclusion, Fort Polk, the world’s 
largest geothermal installation, dem-
onstrates that retrofi tting GHP sys-
tems makes economic sense, and also 
contributes to a better environment 
for future generations. In this study, 
the retrofi t of 4,003 residences with 
geothermal heat pumps reduced elec-
trical consumption for space heating, 
space cooling, and water heating by 
17 million kWh per year.  In addi-
tion, the GHPs eliminated consump-
tion of 27,425,000 Mj/y of natural gas 
for space heating and water heating.  
The GHP retrofi t has reduced CO2 
emissions by an estimated 14,900,000 
kg per year.
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Introduction
Ductless split air-to-air heat pumps 
used for both heating and cooling 
are widely used all over the world, 
and the total market is estimated at 
29 million units (JARN 2005). The 
majority of these units are used in ar-
eas where cooling is the dominating 
demand. However, over the last few 
years, the use of these heat pumps 
mainly for heating purposes has in-
creased substantially in Sweden and 
Norway. The estimated number of 
units installed in Sweden in 2004 was 
40 000 units, while 55 000 units were 
installed in Norway in 2003. Normal 
sales in Norway, before 2003, were 
about 1 000 – 2 000 units per year. 
An in-depth analysis of this market 
boom is provided by Aarlien et al., 
2005. Although not as dramatic, the 
numbers of these units are substan-
tially increasing in Sweden, too. The 
reasons for the increase are probably 
the increasing price of electricity and 
the common use of electric base-
board heaters in Swedish and Nor-
wegian single-family houses, which 
were common due to the tradition-
ally low price of electricity. Thus 
these buildings do not have any hy-
dronic heat distribution system. To 
install a hydronic heating system 
is expensive, and so a change from 
base-board heaters to a hydronic 
based system (pellet burner, ground-
source heat pump) is not normally a 
viable solution. However, installing 
an air-to-air heat pump is very sim-

Air-to-Air Heat Pumps Evaluated for 
Nordic Circumstances

Fredrik Karlsson, Peter Lidbom, Monica Axell, Ulla Lindberg, Sweden

Twelve variable-speed capacity controlled air-to-air heat pumps have been evaluated by laboratory measure-
ments and the results have been compared to similar investigations made in 2001 (variable-speed capacity con-
trol) and 1991 (single-speed compressors). The heat pumps were evaluated in terms of effi ciency, performance 
of defrost system and ability to operate in a cold climate. The results show that heat pumps have become more 
effi cient since 1991 and 2001. On average, the coeffi cient of performance (COP) has increased by 7-24 % since 
1991. The defrost systems have also improved, although there are still systems that in practice operate under 
simple time control, and thus perform unnecessarily many defrost cycles, which reduces performance and prob-
ably also equipment life. 

ple, with low cost. As a consequence, 
even though the air-to-air heat pump 
must be backed up by a supplemen-
tary heat source, heat pumps are 
bought in order to reduce electricity 
use and to save money.

The increased demand for these 
products has drawn attention from 
a lot of manufacturers and market-
ing is fi erce. In order to provide end-
users with factual and independent 
information, the Swedish Consumer 
Agency and the Consumer Council 
of Norway together issued a labo-
ratory test on air-to-air heat pumps. 
Eight units were tested by SP in 2004 
(Karlsson 2004, Ebne 2004), and an-
other four were tested in 2005 on be-
half of the Swedish Consumer Agen-
cy. This article discusses the results 
from these two test series, and com-
pares them with previous investiga-
tions from 2001 (Reis 2001) and 1991 
(Fahlén and Johansson 1991). 

Method
The heat pumps have been evalu-
ated by laboratory tests and seasonal 
performance calculations. The ability 
to operate in cold climates and the 
defrost systems have been analysed 
from measurements and installed 
equipment.

Test procedure
The heating capacity and coeffi cient 
of performance (COP) was evalu-
ated in accordance with the existing 

EN 14511 standard (for which SP is 
accredited), and the performance 
at part load was determined in ac-
cordance with CEN/TS 14825. The 
calorimeter room test procedure 
was used. The total uncertainty of 
measurement is within ±4.0 % for 
the heating capacity and the COP. 
For the electric power measurements 
the uncertainty is ±0.5 %. The heat 
pumps were tested at the outdoor air 
temperatures and capacities listed in 
Table 1, and the air temperature en-
tering the indoor unit was +20 °C. 
The 75 % and 50 % part-load opera-
tion denotes the percentage of maxi-
mum heating capacity determined by 
the EN 14511 tests. These part-load 
operation points were performed 
such that the calorimetric chamber 
was cooled to get 75 % or 50 % of the 
capacity measured at the EN 14511 
test point. Then the set value for the 
indoor air temperature was set to 20 
°C, or a set value that gives 20 °C in-
let temperature to the indoor unit, in 
the heat pump’s control system. In 
this way, the heat pump’s own con-
trol system adjusts the compressor 
capacity, such that the desired indoor 
air temperature is kept constant. The 
tests were performed for at least ten 
hours, maximum 24 hours, and ana-
lysed for a whole number of operat-
ing cycles with defrost, which means 
that the tests continued over a longer 
period of time than prescribed in EN 
14511. The reason for this is to vali-
date proper operation of the defrost 
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system. The heating capacity should 
not continually decrease during con-
secutive defrosts.

The test from 2001 was performed in 
accordance with the former EN 255 
European standard, and the part-
load operation was performed as 
specifi ed in CEN/TS 14825. A minor 
deviation is that the wet bulb tem-
perature at the outdoor temperature 
of +2 °C was +1.5 °C in EN 255 and +1 
°C in EN 14511. The tests from 1991 
were performed in accordance with 
Swedish standard SS 2095 which, for 
air-to-air heat pumps, is similar to 
EN 14511. The only difference here is 
that the wet bulb temperature at +7 
°C is +5.5 °C. Note that there were 
no variable-speed controlled heat 
pumps in the test from 1991. For all 
three methods, the evaluations were 
made for a whole number of operat-
ing cycles with defrost. 

The sound power level was meas-
ured in accordance with ENV 12102 
and ISO 3747.

Seasonal Performance Calcula-
tions
The seasonal performance calcula-
tions were performed for two build-
ings with energy demands of 11 000 
and 20 000 kWh (space heating only) 
at an annual average outdoor air 
temperature of +6 °C. Based on the 
average outdoor air temperature, 
the duration curve can be calculated. 
Knowing the outdoor air tempera-
ture for each time step, assuming a 
constant indoor air temperature (20 
°C in this case) and assigning a con-
stant heat loss value to the building, 
the energy demand for heating can 
be calculated. As the heat pump ca-
pacity at different temperatures and 
loads is known from the measure-
ments, it is possible to determine the 
capacity provided by the heat pump 
in each time step. The method is fur-
ther described by Fehrm and Hallén, 
1981 and Karlsson, 2003. The calcula-
tions are made in steps of 30 hours 
and the heat pumps are considered 
to operate down to -15 °C. Below -
15 °C, the heat pump is switched off 
and heating is provided by an electric 
heater. A heating demand is present 

Outdoor air temperature (°C) Capacity (%)

+7 (6) 100

+2 (1) 100

-7 (-8) 100

-15 (-) 100

+7 (6) 75

+7 (6) 50

+2 (1) 50

Table 1.Test conditions; the fi gures within brackets are the wet bulb air temperatures

up to + 17 °C.  The seasonal perform-
ance factor (SPF) is calculated as:

where: 
Qbuilding = Energy demand by the building
Wheat pump = Electric energy input to the 
heat pump
Wheater = Electric energy input to the 
supplementary heater

It is important to recognise that these 
calculations assume a perfect heat 
distribution, and thus give higher 
values of the seasonal performance 
factor than will be the case in an ac-
tual installation. In a real installation, 
the layout of the building will deter-
mine how well the heat is distributed. 
The effi ciency of the installation will 
be higher for a building with an open 
layout, where the warm air can fl ow 
out into a large part of the building.  

Results and discus-
sion
The results from the previously de-
scribed tests and calculations are 
discussed and analysed below. The 
discussion is divided into three dif-
ferent parts; energy effi ciency, ability 
to operate in cold climates and per-
formance of defrost systems.

Energy effi ciency
The COP is the common measure 
for energy effi ciency of heat pumps. 
From Figures 1 and 2 below it can be 
seen that the average effi ciency of 
the heat pumps has increased since 
the tests in 1991 and 2001. The aver-
age increase for different outdoor air 
temperatures from 1991 to 2005 is 
summarised in Table 2. By far the best 
performance increase is for operation 
at -15 °C, where the minimum level 
has increased by 31 % since 1991, 
which is very favourable for opera-
tion in cold climates. From Figure 1, 
it seems as if the performance at +2 
°C was poorer in 2001. However, for 
these tests, the wet bulb temperature 
was 0.5 °C higher than for the tests 
in 1991 and 2005, and so the water 
content of the air was higher which 
results in more frosting and therefore 
reduced performance.

Between 1991 and 2001, variable-
speed capacity-controlled compres-
sors became standard in air-to-air 
heat pumps. The use of capacity-
controlled compressors provides op-
portunities for increasing the effi -
ciency of heat pumps, mainly due to 
heat exchanger unloading, increased 
compressor effi ciency and reduced 
need for defrosting (Karlsson 2003). 
As shown in Figure 3, the COP in-
creases at part load for all except one 
of the evaluated heat pumps. Energy 

Outdoor air temperature (°C) Capacity (%) Increase of average COP (%)

+7 (6) 100 12

+2 (1) 100 7

-7 (-8) 100 12

-15 (-) 100 24

Table 2 Average increase of COP between 1991 and 2005
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savings in the range of 10-25 %, com-
pared to fi xed speed On/Off control-
led heat pumps, have been reported 
(Tassou, Marquand et al. 1983; Mar-
quand, Tassou et al. 1984; Bergman 
1985; Miller 1988; Landé 1992). The 
performance at part-load operation 
has improved between 2001 and 
2005, as shown in Figure 4, showing 
the COP at +7 °C and 50 % capacity.

Figure 1. Minimum, average and maximum COP at +7 °C (top) and +2 °C (bottom) for air-
to-air heat pumps evaluated in 1991, 2001 and 2005

Figure 2. Minimum, average and maximum COP at -7 °C (top) and -15 °C (bottom) for air-
to-air heat pumps evaluated in 1991, 2001 and 2005
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Figure 3. COP at +7 °C and different capacities for the heat pumps evaluated in 2005. In most 
cases, the COP increases as the capacity decreases

Figure 4. Minimum, average and maximum COP at +7 °C and 50 % capacity for heat pumps 
evaluated in 2001 and 2005

Test results also show the importance 
of testing heat pumps at several oper-
ating conditions. A heat pump can be 
very effi cient at +7 °C but still have 
a low COP at -7 °C, and vice versa. 
Figure 5 shows the COP for six dif-
ferent heat pumps from the 2005 test 
as a function of the outdoor air tem-
perature. Considering heat pumps A 
and I, A is the most effi cient at +7 °C, 
but has only the fourth best COP at -
7 °C. The opposite is the case for heat 
pump I, which is fourth best at +7 °C 
but has the best performance at  15 °C. 
From this example, it is obvious that 
several operating conditions must be 
taken into account when comparing 
and labelling heat pumps.

Figure 5. The diagram shows how the COP changes with outdoor air temperature for different 
heat pumps. The performance change differs quite considerably between the different heat 
pumps



IEA Heat Pump Centre Newsletter Volume 24 - No. 4/2006 www.heatpumpcentre.org
22 22

Topical article

Due to the differences in perform-
ance at different temperatures and 
part loads, calculation of the sea-
sonal performance factor (SPF) is a 
good tool for comparing these heat 
pumps. The results from such a cal-
culation for two different buildings 
are shown in Figure 6. The weakness 
of this comparison is that the heat 
pumps included in the test are not 
of equal capacity (see the right dia-
gram in Figure 6) and thus cannot be 
directly compared, as the SPF value 
will depend on both capacity and ef-
fi ciency. A large-capacity heat pump 
with a lower effi ciency can have a 
higher SPF than an effi cient low-ca-
pacity heat pump, which of course is 
relevant to include in an analysis as 
it is important properly to match the 
heat pump to the load. For the small 
building, heat pump D has the low-
est capacity of the three heat pumps 
(D, E and K) with an SPF of 2.9, and 
can in one sense be considered as the 
most effi cient. This is mainly due to 
a very good COP at part-load op-
eration (see Figure 3). For the larger 
building, heat pump G shows to be 
the most effi cient with an SPF of 2.3. 
Its capacity at +7 °C is the same as for 
heat pump D, but its capacity does 
not drop with lower temperature as 
much as does the capacity of for heat 
pump D.

Ability to operate in cold climates
As described above, the COPs at low 
outdoor air temperatures have in-
creased substantially between 1991 
and 2005. In our opinion, the follow-
ing three components, in addition to 
a properly operating defrost system, 
are important in order to facilitate 
proper and reliable operation at low 
temperatures: 

1. a crankcase heater to keep the oil 
warm when the heat pump is not in 
operation
2. a tray heater in order to prevent 
the drainage holes from freezing and 
causing excessive frost build up
3. a thermostat to switch off the heat 
pump when the outdoor air temper-
ature is too low 

If the defrost system operates prop-
erly, and the tray is well designed, 

Figure 6. The top diagram show the SPF for the heat pumps evaluated in 2005 when used in 
two different buildings (calculated values). The bottom diagram show the capacity of the heat 
pumps at +7 °C and 100 % load.

with (for example) large holes placed 
to provide good drainage, it may be 
possible to do without the tray heat-
er. The crankcase heater prevents 
the refrigerant from condensing and 
mixing with the oil in the compressor 
if the compressor is out operation at 
low outdoor temperatures. If the re-
frigerant mixes with the oil, there is 
a risk that it will quickly evaporate 
when the compressor starts and cause 
the oil to foam, which will drastically 
reduce the lubrication of the com-
pressor and cause excessive wear or 
breakdown. The thermostat would 
switch the heat pump off when the 
temperature is below the operating 
range. If there is no thermostat func-
tion, the heat pump owner must turn 
the heat pump off manually. 

Of the twelve heat pumps tested 
in 2005, only three had a crankcase 
heater and fi ve had a tray heater. All 

three crankcase heaters were con-
trolled such that they were operated 
only if the heat pump was not run-
ning and a certain temperature was 
below its limit value. Two of the tray 
heaters were not controlled, but were 
in constant operation. The others 
were switched on depending on one 
or more temperature limits. 
As both the tray heater and the 
crankcase heaters are normally elec-
tric heaters and reduce the energy 
effi ciency somewhat, they should be 
used as little as possible. Only one 
of the heat pumps had a thermostat 
that switched the heat pump off if 
the outdoor air temperature was too 
low.  

Of the nine heat pumps tested in 
1991, fi ve had crankcase heaters and 
fi ve had tray heaters. These numbers 
are higher than in 2005, and the ques-
tion here is whether there has been 



IEA Heat Pump Centre Newsletter Volume 24 - No. 4/2006 www.heatpumpcentre.org
23 23

Topical article

a change in compressor design and 
operation that reduces the need for 
crankcase heaters or whether the 
machines are in fact less suitable 
for operation in cold climates. From 
contact with the manufacturers and 
retailers during the tests it seems as 
if they consider the heat pumps to be 
in more or less constant operation at 
low outdoor temperatures and thus a 
crankcase heater is not needed.

Performance of defrost systems
The defrost systems were found to 
work properly, in the sense that no 
ice build-up was noticed on the evap-
orators after several consecutive op-
erating cycles. The cycle times (from 
initiation of defrost until initiation of 
next defrost) for the heat pumps in 
1991 and 2005 are shown in Figure 
7. In the report from 1991, the cycle 
times were considered short and the 
heat pumps were thought to defrost 
too often, thus reducing effi ciency. 
The cycle time at +2 °C has not be-
come longer in 2005 – on the con-
trary, it has actually become shorter 
(average cycle time in 1991: 76 min-
utes, and in 2005: 64 minutes). This 
implies that defrost strategies can 
still be improved. A major change 
though is the much longer cycle time 
at  7 °C, which is a major improve-
ment. The water content in the air is 
much lower at  7 °C than at +2 °C and 
so, despite the lower temperature, 
frost formation is slower and the cy-
cle times should be longer in order 
not to waste energy on unnecessary 
defrosts.    

Generally the initiation of defrost is 
controlled on time and temperature 
for all heat pumps, and thus to some 
extent is demand-controlled. This 
can be based on several temperatures 
and times, e.g. 1) the outdoor tem-
perature must have been lower than 
x °C for y minutes, while at the same 
time the temperature of the refriger-
ant leaving the evaporator must be 
below z °C, or 2) the heat pump has 
not defrosted for two hours. This 
was a simple example; several of the 
strategies are more sophisticated and 
include several more parameters, but 
the structure is the same. However, 
if condition 1) is not correctly formu-

Figure 7. The diagrams show the cycle time for operation at +2 °C and -7 °C for the heat 
pumps evaluated in 1991 (top) and 2005 (bottom)

Figure 8. Defrost times (top) and relative defrost time, i.e. defrost time divided by cycle time 
(bottom) at +2 °C and  7 °C for the heat pumps evaluated in 2005
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lated, the heat pump defrost may in 
practice be simply time-dependent. 
Comparing the cycle times for op-
eration at +2 °C and  7 °C, as shown 
in Figure 7, the cycle times for opera-
tion at -7 °C are in most cases longer 
than for operation at +2 °C, and so 
the strategies in that sense work 
properly. However, the cycle time for 
heat pumps A and F is the same for 
the two temperatures, which means 
that, in practice, defrosting of these 
heat pumps seems to operate as sim-
ply time-controlled. It is also very 
interesting that for two of the heat 
pumps, C and G, the cycle time at  7 
°C is shorter than for operation at +2 
°C, which is the same strange pattern 
as was observed for several of the 
heat pumps in 1991.

Sound power level
The sound power level for both the 
indoor and outdoor units was meas-
ured in the 2005 test. The average 
sound power level for the indoor 
units is 54 dB, which is comparable 
to a kitchen fan. The difference be-
tween the highest and lowest sound 
power levels is almost 10 dB, which 
is perceived as a doubled noise level 
by the human ear. Note that the test 
is made with the fan on maximum 
speed, and that the actual sound 
pressure level will depend on instal-
lation conditions. The average value 
for the outdoor units was 60 dB. The 
Swedish Environmental Protection 
Agency prescribes that the sound 
pressure level at the garden bound-
ary must be below 40 dB. This means 
that a heat pump outdoor unit with a 
sound power level of 60 dB should be 
placed at least 10 meters away from 
the neighbour’s garden boundary.

Conclusions
The air-to-air heat pumps evaluated 
in 2005 were more effi cient than the 
heat pumps evaluated in 1991 and 
2001. Prices have also fallen since 
2001, and so the expected pay-back 
time is reduced by approximately 
30 %. Even though the heat pumps 
have become more effi cient on aver-
age, the spread is wider, i.e. the dif-
ference between the best and worst 
units is greater in 2005 than it was in 

Figure 9. Minimum, average and maximum sound power levels for the indoor unit of the 
heat pumps evaluated in 2005 (top) and sound power levels of the outdoor units for the 2005 
evaluation (bottom)

1991. It should also be noted that the 
performance of the defrost systems 
seems to have improved, but there 
are still opportunities for further 
improvements. There are still heat 
pumps which, in practice, operate 
defrost on time only instead of us-
ing a more effi cient demand-based 
system. 

The results also show the importance 
of measuring the performance at sev-
eral different operating points and 
loads, as the performance changes 
with control strategy, components 
and dimensioning. A heat pump with 
top performance at +7 °C does not 
necessarily have best performance at  
7 °C, so that it is not suffi cient, and 
does not drive technology, to make 
decisions on information based on 
only one or two operating points. 

A better tool is to use the seasonal 
performance factor which, if based 
on performance at several operating 
conditions and loads, provides infor-
mation about the performance over 
the entire heating season and also 
information about how well the heat 
pump is matched to the load. 
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In the majority of European coun-
tries, the present heat pump mar-
ket for space and water heating and 
cooling is largely concentrated on 
new buildings, particularly single- 
and two-family houses. However, 
there is a very large potential in the 
retrofi t market for replacement of old 
conventional oil-, gas- and coal-fi red 
heating systems with high energy-ef-
fi cient and environmentally sound 
heat pumps (see Fig. 1).

The main barrier to the use of heat 
pumps for retrofi tting is the require-
ment for high distribution tempera-
ture of conventional heating systems 
in existing residential buildings, with 
design temperatures up to 70 – 90 °C, 
which are too high for the present 
heat pump generation, which are 
suitable for use with a maximum, 
economically acceptable system dis-
tribution temperature up to 65 °C. 

Retrofi t heat pumps for buildings
Annex 30 of the IEA Heat Pump Programme

Annex 30 therefore supports the eco-
nomic, ecological and energy-effi -
cient use of heat pumps, considering 
three different solutions: 

1. The application of existing heat 
pumps in already improved stand-
ard buildings with reduced heat 
demand, e.g. with thermal insula-
tion of the building envelope and 
hence lower-temperature heat dis-
tribution systems.

2. The development and market in-
troduction of new high-tempera-
ture heat pumps. Specifi c empha-
sis should be paid to higher heat 
distribution temperatures and 
environmental issues leading to 
lower greenhouse gas emissions, 
particularly through the use of low 
or zero GWP working fl uids.

3. The use of reversible (heating-cool-
ing) heat pumps (air-to-air or air-
to-water), particularly in buildings 
without centralised heat distribu-
tion systems 

Participants in the annex - which is 
operated by the German ”Informa-
tion Centre for Heat Pumps and 
Refrigeration – IZW e.V.” - are six 
German companies, France and The 
Netherlands. Sweden is represented 
by a German/Swedish company.

The Annex started on 1st April 2005, 
and will run for two years until 31st 
March 2007. It is therefore already 
in its last year of operation and, de-
pending on the status and results 
achieved, a possible extension of at 
least six months is at present being 
discussed.

Fig. 1:  Building stock heat demand - Germany
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The programme is subdivided into 
four tasks:

 Task 1: State of the art, market 
analysis

 Task 2: Matrix of heat pumps
 Task 3: Overcoming economic, en-

vironmental and legal barriers
 Task 4: Successful factors for the 

marketing of retrofi t heat pumps

The programme proposal was dis-
cussed, modifi ed and the activities 
distributed between the participants 
at a fi rst annex meeting on 12.05.2005 
in Bonn.  Detailed work started 
with Task 1: ”State of the Art, Mar-
ket Analysis”. The participants have 
developed a matrix of information 
covering not only the current build-
ing structure but also the heating 
and cooling construction and design 
of different regions, depending on 
climatic and cultural aspects, type 
of power generation, legal aspects, 
support programmes etc., as well as 
on the type of heating systems, cen-
tralised or decentralised, water or air 
heat distribution systems, domestic 
hot water heating etc.

The results of Task 1 were reviewed 
at the second Annex meeting on 
02.12.2005 in Bochum-Wattenscheid, 
and Task 2 ”Matrix of heat pumps” 
- particularly with information on 
type and number of case studies and 
RD & D projects - was prepared.

Tasks 1 and 2 were fi nalised at 
the third meeting on 04.04.2006 in 
Aachen, and a fi rst draft report of 
Task 3 “Overcoming economic, en-
vironmental and legal barriers” was 
presented, with a list of problems and 
barriers for the use of heat pumps in 
retrofi tted buildings.

Further improvements of Tasks 1, 2 
and 3 were discussed at the fourth 
Annex meeting on 01.06.2006 in 
Utrecht, and Task 4, “Successful fac-
tors for the marketing of retrofi t heat 
pumps”, was introduced. Specifi c 
aspects are analysis of existing Re-
search, Development and Demon-
stration (RD&D) projects, and new 
concepts of heating/cooling systems, 

defi nition of heat pump systems and 
components for retrofi t applications, 
cooperation with national / regional 
manufacturers, demonstration and 
prototype projects, and support of 
market introductions.

All four tasks were further improved 
at the Annex meeting on 17.10.2006 
in Nürnberg, and the draft of the 
fi nal report was discussed.  It was 
agreed to organise a major symposi-
um in Nürnberg in October 2007, not 
only to present the results of the An-
nex but also to provide a global over-
view of the present trends of retrofi t 
heat pumps, as the highly promising 
heat pump market of the future and 
the most important contribution to 
reduction of CO2-emissions in con-
nection with the heating and cooling 
of buildings.

The common information source for 
the participants, with detailed proto-
cols of the fi ve Annex meetings and 
all attachments, as well as further 
necessary information, is on a pass-
word protected web site for the An-
nex, on the IZW web site:  www.izw-
online.de
     
H.J. Laue, IZW e.V.
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Introduction
EDF is concerned with energy sav-
ings and the environmental impact 
of energy production.  The use of 
heat pumps represents a real advan-
tage in terms of reduction of CO2 
emissions and improvement of en-
ergy effi ciency.

This article fi rst describes a fi eld test 
of a French house equipped with a 
high-temperature heat pump, and 
concludes with a description of a 
method of calculating the HSPF 
(heating seasonal performance fac-
tor).

Retrofi t in France:  
single-family houses 
in France
It is estimated that there are 28 mil-
lion homes in France, of which 14 
million are single-family houses.  
The new building construction rate 
is only 1-2 % of new single-family 
houses, while 300 000 owners per 
year renovate their heating systems 
in existing single-family houses, so 
180 000 boilers/year can be replaced 
by heat pumps (8.4 million oil or gas 
boilers). This means that the market 
potential of heat pumps for existing 
buildings is much greater than that 
for new buildings.

Heat distribution 
systems
60% of single-family houses in France 

High-temperature heat pump for the retrofi t 
market in France

Sami Barbouchi and Jean-benoît Ritz, France

The retrofi t of heating systems represents a signifi cant market in France. Nowadays, high-tempera-
ture heat pumps make an interesting alternative to boilers, with real advantages in term of CO2 
emission and energy effi ciency. Another advantage of heat pumps lies in the energy that can be 
saved over a year. The HSPF (heat seasonal performance factor) is therefore the most appropriate 
parameter for relating to actual heating energy bills. HSPF is the ratio of the total heat delivered 
over the heating season to the total energy input over the heating season. In the study, fi eld test 
results on a French house will be presented, as results of simulations calculating the HSPF.

have hydronic heating systems using 
radiators or fl oor heating.

Oil and gas provide 20 % and 40 % re-
spectively of heating energy, mainly 
via hydronic systems.  In most cases, 
due to the form of heat delivery sys-
tem and the standard of building in-
sulation, supply temperature may be 
up to 65 °C, with a heating require-
ment of 12 kW on the coldest days.  
Present-day heat pumps could not be 
used for retrofi ts for such buildings 
without changes to the heat deliv-
ery system and improvement of the 
building’s insulation.  A new genera-
tion of heat pumps - high-tempera-
ture heat pumps - is needed.

Field test
EDF R&D has selected a house and 
fi tted it with a high temperature heat 
pump.

The fi eld test was carried out on a 
house in Flers, in the north of Paris 
(Figure 1):
- Built in 1770
- Heat requirement, 12 kW at -15 °C
- Floor area, 125 m2
- Space heating (65 °C) and hot wa-

ter production (55°C).  (Parallel 
storage for heating water)

- Alternate production with priority 
for tap water (Design temperature 
T= -6 °C)

Figure 1: The fi eld test house
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The heat pump used for the tests is 
a Viessman AWH110 [1] heat pump, 
having a compressor with a vapour 
injection port.  The unit has been in-
strumented, and consumption and 
heating capacity of the heat pump 
have been measured (Figure 2).

Field tests conclu-
sion:
During the heating season, the HSPF 
is equal to 2.95 with an indoor air 
temperature maintained at 20 °C. 
The lowest external temperature 
during the winter was -6 °C. Energy 
costs have been halved. The previ-
ous heating system was a propane 
boiler.
In term of comfort and energy, cus-
tomer satisfaction is quite good, 
which is generally the case when the 
heat pump has been properly sized 
and installed. No problems were de-
tected with the compressor or any 
components of the heat pump.
Finally, we can say that the high-tem-
perature heat pump is a good prod-
uct for heating and tap water pro-
duction with high potential:  relevant 
and reliable

Modelling the HSPF
The aim in this part is to model the 
house and the heating system and to 
simulate the behaviour of the heat 
pump during a heating season, i.e. 
from 1st October to 20th May. The 
weather is that of Trappes, a city near 
Paris (Figure 3).

Using data from heat pump manu-
facturers, it is possible to calculate 
the heating capacity and electrical 
input as functions of the outdoor air 
temperature and the temperature at 
the inlet of the heat pump [2]. The 
model also assumes that, for ambi-
ent temperatures below  5 °C, three 
stages of electric resistance heating 
will be progressively switched in as 
needed.

Figure 2: Data measurements for the fi eld test year.

Figure 4: Heating capacity.

Figure 3: Thermal heat losses of a dwelling with GV=351 W/K.
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The COP and the heating capacity 
can therefore be calculated from the 
heat curve (Figures 4 and 5). The heat 
curve represents the temperature at 
the inlet or at the outlet of the heat 
pump as a function of the outdoor air 
temperature (Figure 6).

The simulation was carried out using 
Matlab, with data from the Simbad 
library. This is a library developed 
by the CSTB, which includes various  
models of houses and emitters.  It is 
therefore possible to simulate heat 
pump behaviour over a heating sea-
son. The tap water consumption has 
not been taken into account.

Figure 6: The heat curve. Temperature at the inlet and at the outlet of the 
condenser of the heat pump

Figure 5:  COP as a function of outdoor temperature.

Figure 7: Representation of 
the model for the simulation.
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In Figure 8 we can see the effect of 
the inertia of the hydronic heat distri-
bution system. After the heat pump 
switches off, the water temperature 
at the inlet to the condenser continues 
to rise, correspondingly continuing 
to fall after the heat pump switches 
on. In this case, the volume of water 
in the heat distribution system is 70 
litres, with a fl ow rate of 850 l/h.  The 
results of the simulation are summed 
up in Table 1.

HSPF Heating 
capacity on 
the heating 

season

Mean 
internal air 

temperature

AW110 2.91 
±0.5%

27.3 MWh 20.14 ±0.4 
°C

Table 1: Result of the simulation on a 
heating season

Evaluation of the 
CO2 emission of a 
heat pump compared 
to a conventional 
boiler
The TEWI (total environment warn-
ing impact) is an expression of the 
global impact on the green house ef-

fect. The TEWI is a relevant expres-
sion of the emission of CO2. It takes 
into account the indirect and the di-
rect emission of CO2 of a frigorifi c 
system. The indirect emission is due 
to the emission of CO2 to ensure the 
running of the frigorifi c system dur-
ing its life cycle and the direct emis-
sion depends mainly on the mass 
of refrigerant released in the atmos-
phere.

Emission in kg of CO2 
per kWh

0.18

TEWI on 20 years 36474

TEWI on a year 1824

TEWI direct/indirect 7.1%/92.9%

Table 2: TEWI

Effi ciency 
of the best 
technology

Emission 
Of CO2 in 
g/kWh

Fuel boiler 70 % 88 % 333

Gas boiler 70 % 92 % 250

Heat pump 1 kWh of 
electricity = 
3 to 6 kWh 
heating

180

Table 3: Emission of CO2 in g/kWh [3].

Estimation of TEWI 
of a heat pump
With some hypothesis, it is possi-
ble to estimate the TEWI of a heat 
pump.
The hypotheses are the follow to cal-
culate the TEWI:

Figure 8: Inlet and outlet water temperatures 
at the heat pump during 1 hour.
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Figure 9: Emission in kg of CO2 for different heating systems on a year.

- Heating energy on a year: 27300 
kWh,

- Heating seasonal factor: 2.9,
- Mass of refrigerant: 5 kg,
- Life cycle of the heat pump: 20 

years,
- Ratio of leakage: 1%,
- Ratio of recovery with a life cycle 

of 20 years: 70 %,
- Refrigerant R-407C, GWP: 1520,
- Emission of CO2 per kWh of elec-

tricity in France: 0.18 kg/kWh.
The results are presented in the 
Table 2.

Emission of CO2 per kWh of fuel, 
gas boilers and electricity for heating 
are presented in Table 3, the value 
are from a French governmental re-
port [3].

Thus, it is possible to compare the 
emission of CO2 over a year of the 
different heating systems, Figure 9. 
Compare to a fuel boiler, the emis-
sion of CO2 by using a heat pump can 
be divided by six in France. Pointing 
out that the coeffi cient of emission 
of CO2 per kWh of electricity is very 
small in France because an important 
part of the electric energy outcomes 
from nuclear energy.

Conclusion
The fi eld test showed the relevance 
to use high temperature heat pump 
to replace boiler. Furthermore, the 
HSPF calculated is closed to the 
HSPF measured on the fi eld test. In 
the simulation, the tap water con-
sumption has not been taking into 
account, and the weather can differ a 
little. So, we have here an interesting 
tool to calculate the HSPF.

Sami Barbouchi, Dr. Jean-benoît 
Ritz
EDF R&D, thermal system group
sami.barbouchi@edf.fr, jean-benoit.ritz@
edf.fr
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Introduction
For many year, the Norwegian heat 
pump market remained stable at 
about 1000 units per year, with only 
modest interest in the technology 
among politicians and the public.  
The main reason for this was the low 
and stable price of electricity.  The 
1980s saw a government-funded 
programme to support the introduc-
tion of heat pumps, but its main em-
phasis was on large commercial heat 
pumps and industrial heat pumps.

Electricity market in 
Norway
Due to an abundance of hydro pow-
er and a government determination 
to keep prices low through market 
regulation, electricity prices in Nor-
way have been very low during the 
post-war period and up to the 1990s.  
In 1991, the government introduced 
the new Energy Act which deregulat-
ed the electricity market.  As a result, 
electricity prices were now set by 
market factors, such as supply and 
demand.  In 1996, Norway and Swe-
den established a common marked 
for electricity, which subsequently 
matured into a common electricity 
market for all the Nordic countries.  
The production of hydro power in 
Norway varies from 90 to 150 TWh 
per year, depending on weather 
conditions.  Normal consumption is 
about 120 TWh.  Electricity supply 
in Norway, with indigenous produc-
tion dependent on weather condi-
tions, benefi ts from connection to 
countries having power generation 
based on nuclear power, natural gas, 
coal or oil.  The disadvantage for 

Air-to-air heat pumps in Norway

Bård Baardsen, Norway

In Norway, air-to-air heat pumps have become the most popular way for house-owners to reduce 
their energy bills.  By the end of 2006, heat pumps of this type will make up about 13 % of all those 
that have been installed, with almost all having been installed during the last fi ve years.

Norwegian consumers is that elec-
tricity prices rise signifi cantly when 
it is necessary to import electricity.  
In 2002/2003, with a dry autumn and 
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Figure 1.  Heat pump market in Norway, 1993 – 2006(2006 estimated)
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winter, prices rose to a maximum of 
up to about 250 % for electricity at 
peak load times. 

Figure 2.  Electricity prices on Nordpool
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Electricity used for 
heating purposes
Most families in Norway live in sin-
gle-family houses, which have be-
come signifi cantly larger over the 
last couple of years.  Most houses 
have been fi tted with electric skirt-
ing heaters, which are cheap to buy 
and easy to use.  Heating accounts 
for most of the energy use in a nor-
mal house, amounting to about 60 % 
of the total use of energy.  In some 
parts of Norway, with a cold climate, 
there is a need for heating for about 
300 days in a normal year.  For Nor-
wegian families living in single-fam-
ily-houses, the best way to reduce 
energy costs is to use an alternative 
form of heating when electricity 
prices rise.  As most houses do not 
have hydronic heating systems, the 
best alternative is an air-to-air heat 
pump.  

Better equipment 
and increased 
competition
The shift from R-22 to R-410 in air-to-
air heat pumps had a very positive 
result for heat pumps in cold climate.  
Air-to-air heat pumps with R-410 
have fewer technical problems with 
defrosting etc. and are also more effi -
cient than older models.  The higher 
demand could have resulted in high-
er prices, but increased competition 
and higher volumes helped to reduce 
equipment prices for heat pumps.

Subsidy scheme 
from the government 
in 2003
The Ministry of Petroleum and Ener-
gy came under immense pressure to 
act in order to alleviate the situation 
for those suffering from economic 
problems as a result of high electric-
ity prices in 2003.  As one of several 
responses, the Ministry introduced 
an investment subsidy scheme - the 
Household Support Scheme - in or-
der to support implementation of 
energy-effi cient technologies.  The 
scheme covered energy-saving con-
trol units for electric heaters, pellets-

fi red stoves, and heat pumps.  Home-
owners were eligible for a 20 % in-
vestment grant, up to a maximum 
of NOK 5000(~US$900).  A total of 
almost 20 000 households (19,689) re-
ceived the grant and installed equip-
ment.  Heat pumps were the most 
popular system, making up over 87 
% of the total.  

Increased media 
attention
Increased media attention was also a 
factor that contributed to the sales in-
crease.  Heat pumps were suddenly 
the theme of articles in all kinds of 
mass media.  Newspapers ran heat 
pump advertisements daily, and 
even discussed heat pumps in arti-
cles several times a week.  Radio and 
TV had programmes on the “energy 
crisis” several times a week, and heat 
pumps were often mentioned as a 
remedy.

Systematic efforts 
over a long time
Another reason for the increasing 
sales fi gures is probably the system-
atic long-term effort of many market 
actors over several years to establish 
the positive reputation of heat pumps 
as a reliable and energy-saving tech-
nology.  The establishment (in 1991) 
and undertakings of the Norwegian 
Heat Pump Association in 1991, and 
its work, are particularly thought to 
have had a positive infl uence.  Simi-
larly, the activities undertaken by the 
regional energy conservation centres 
(established in 1994) and continued 
by Enova (2001) are also thought to 
have contributed to building a solid 
heat pump reputation.  Typical activ-
ities for these organisations have in-
cluded the provision of neutral and 
unbiased information, and of infor-
mation to the public on demand, for 
example via free telephone enquiry 
lines.  

Conclusions
The Norwegian market for heat 
pumps has experienced a tremen-
dous growth over the last fi ve years.  
The most popular type of heat pump 

is that which is more usually re-
garded as an air conditioner.  Pen-
etration among houses with direct 
electric heating is already high, and 
the strong market continues.  Most 
people in Norway today are aware of 
heat pump technology, which is often 
mentioned by politicians when dis-
cussion effi cient use of energy.  For a 
normal household, an air-to-air heat 
pump saves 5000 – 8000 kWh every 
year, and has a payback time of three 
to six years.  The residential sector in 
Norway uses 21 TWh electricity for 
heating purposes.  The most impor-
tant factor for future growth in the 
heat pump market is education and 
training of installers to ensure that 
customers remain satisfi ed when 
they invest in heat pump systems.  

Bård Baardsen
Norsk Varmepumpeforening
+47 22 80 50 06
baard.baardsen@rembra.no
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The Norwegian Commission on Low 
Emissions was appointed by the 
Norwegian government on March 
11, 2005. The Commission has been 
charged with the task of preparing 
scenarios of how Norway can reduce 
its emissions of greenhouse gases by 
50-80 percent by 2050. The Commis-
sion presented its fi nal report to Min-
ister of the Environment, Ms. Helen 
Bjørnøy, on October 4th, 2006.

Why should Norway 
cut greenhouse gas 
emissions by two-
thirds?
Is it reasonable that Norway, which is 
responsible for less than two-tenths of 
a percent of global emissions, should 
worry about reducing its emissions? 
The Commission believes that the 
answer is Yes – for several reasons.

First, many countries have miniscule 
emissions when seen in a global con-
text. The fi ve countries that have the 
greatest emissions are responsible 
for about half of global emissions. If 
all the countries with relatively small 
emissions were to leave mitigation to 
the major emitters alone, we would 
never be able to get the climate situa-
tion under control.

Second, it is reasonable, as stated 
in the UN Convention on Climate 
Change, that rich countries should 
pave the way and reduce their emis-
sions of greenhouse gases before 
countries with social and economic 
development needs are required to 
set climate targets. Norway is with-

Heat pumps for reduction of greenhouse 
gas emissions

Rune Aarlien, Norway

The Norwegian Commission on Low Emissions points to heat pumps as one 
of the technologies that could help cut Norwegian greenhouse gas emissions 
by 50-80 percent by 2050

This article is an excerpt of an article written by the Commission of Low Emissions. The full version and a full report can be 
found here: http://www.lavutslipp.no/article_1334.shtml

out doubt one of the countries which, 
from this perspective, should agree 
to restrict its emissions. 

And fi nally, the Commission believes 
that the climate problem will make it 
necessary and desirable from a self-
ish perspective to reduce emissions 
sooner or later. The countries that de-
velop the necessary climate-friendly 
technology early on will gain a com-
petitive advantage in future industri-
al development, and will thus be able 
to position themselves favourably in 
a future market for such technology.

What can Norway do 
to cut emissions by 
two thirds?
The Commission has projected a 
scenario for how emissions growth 
might look in the future – a reference 
scenario. In it, greenhouse gas emis-
sions in 2050 are about 70 million 
tonnes of CO2 equivalents. About 
three-quarters of the emissions in 
this scenario are distributed fairly 
evenly between electricity produc-
tion, process industries and trans-
portation. The remaining emissions 
will come mainly from gas and oil 
activity, heating, agriculture, and 
waste disposal. 

The Commission has identifi ed 15 
measures that together will ensure 
the necessary reduction in Norwe-
gian emissions in a long-term per-
spective. The measures are mainly 
directed at specifi c and major emis-
sions sources, with the exception of 
two basic measures that the Com-

mission sees as prerequisites for the 
realisation of the other measures.

Basic measures
• Implementation of long-term na-

tional investment in climate in-
formation – a long-lasting climate 
awareness campaign. Dissemina-
tion of accurate and relevant facts 
about the climate problem and 
what can be done. 

• Investment in the development 
of climate-friendly technologies 
through long-term and stable sup-
port for the Commission’s tech-
nology package. This technology 
package emphasises technologies 
for carbon capture and storage, 
wind power (especially at sea), pel-
let and clean-burning wood stoves 
and fi replaces, biofuels, solar 
cells, hydrogen technologies, heat 
pumps and low-emission ships.

Transportation
• Phasing in of low- and zero-emis-

sion vehicles, such as hybrid cars, 
light diesel cars, electric cars and 
fuel-cell cars. 

• Phasing in of CO2-neutral fuels, 
such as bioethanol, biodiesel, bi-
ogas and hydrogen. 

• Reduction of transportation de-
mands through improved logistics 
and urban planning. 
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• Development and phasing in of 
low-emission ships. 

Heating
• Increased energy effi ciency in 

buildings through stricter building 
codes, eco-labelling and subsidies. 

• Transition to CO2-neutral heating 
through increased use of biomass, 
more effi cient use of solar heat, 
heat pumps, etc.

Agriculture and waste disposal
• Collection of methane from ma-

nure pits and landfi ll, and use of 
the gas for energy purposes. 

Process industry
• Implementation of carbon capture 

and storage from industries with 
large pulse emissions. 

• Implementation of process im-
provements in energy-intensive 
industries.

Oil and gas activities
• Electrifi cation of the continental 

shelf, and more facilities located 
on land.

In the future, we expect emissions of about 70 million tonnes of CO2 equivalents. Historical and projected annual emissions of greenhouse 
gases are shown in the Commission’s reference path. The low-emission goal for 2050 is also shown.

Electricity production
• Expansion of “new renewable” en-

ergy through construction of wind 
and small hydro power stations. 

• Implementation of carbon capture 
and storage from gas-fi red and 
coal-fi red power plants. 

• Upgrading and improved effi cien-
cy of the electricity grid to reduce 
losses in the grid and give smaller 
power plants better access.

Rune Aarlien
SINTEF Energy Research
Dept. Energy Processes
Rune.Aarlien@sintef.no
+47-73 59 39 29
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Introduction
A 2.2 MW heat pump was installed 
in 1983 in a 300 metre deep rock cav-
ern at Skøyen Vest in Oslo, Norway. 
The plant utilised untreated sewage 
from the main sewage tunnel in Oslo 
as a heat source, and supplied about 
9,5 GWh/year of heat to a district 
heating system. The CFC12 heat 
pump was equipped with a recipro-
cating compressor, and the maximum 
condensation temperature was about 
80 ºC. The untreated sewage was fi l-
tered and sprayed over 80 open-type 
plate evaporators (3 x 1 metres). The 
evaporator design gave excellent 
heat transfer, and was insensitive 
to possible freezing of the sewage. 
However, the untreated sewage led 
to a number of operational problems, 
including clogging of the evaporator 
nozzles and fouling on the evapora-
tor surface.

In 1998, the Skøyen Vest district heat-
ing system was connected to the Vik-
en Fjernvarme district heat system. 
Due to operational problems of the 
relatively low-capacity heat pump, 
and the fact that the unit used CFC12 
refrigerant, upgrading and retrofi t-
ting of the plant to HFC134a was con-
sidered to be unprofi table. However, 
in 2002, Viken Fjernvarme started to 
plan a new heat pump installation, 
with a contract being agreed in 2003-
2004.

The existing CFC12 heat pump unit 
and all the auxiliary equipment was 
removed from the rock cavern. The 
approach to the cavern was down a 
300 metre curved tunnel with rough 
walls, which limited the maximum 

18 MW heat pump system in Norway utilises 
untreated sewage as heat source

Svein Erik Pedersen, Jörn Stene, Norway

An 18 MW heat pump utilising untreated sewage as its heat source was put 
into operation in January 2006 by Viken Fjernvarme in Oslo, Norway. The 
installation costs for the plant were EUR 11 million, for an estimated annual 
heat production of about 85-90 GWh/year.

size of the new heat pump equip-
ment. Friotherm AG from Switzer-
land was selected as the supplier of a 
single R134a heat pump unit (Unitop 
50FY), having a maximum heating 
capacity of 18.4 MW under design 
conditions.

40 bar centrifugal 
compressor
The heat pump unit is equipped 
with a 40 bar open-type two-stage 
centrifugal compressor, with both 
impellers on the same shaft, running 
at 9400 r/min. The second stage of 
the compressor is connected to an 
economiser (i.e. a vessel with three 
ports) operating at an intermediate 
pressure. The economiser increases 
the system COP and reduces the ex-
haust gas temperature from the sec-
ond-stage compressor.

The capacity of the centrifugal com-
pressor is controlled by inlet vanes 
on both stages. Capacity can be re-
duced down to 50% without by-pass 
operation, and from 50 to 25% with 
by-pass operation (less energy-ef-
fi cient). The weight of the compres-
sor is 22 tonnes. The water-cooled 11 
kV motor has a nominal capacity of 
7 MW, and runs at 1500 r/min. The 
weight of the motor is 23 tonnes.

The heat exchangers
The evaporator is a single-pass shell-
and-tube heat exchanger with Cu/
Ni tubes, where the fi ltered sewage 
water fl ows inside the tubes in the 
lower part of the evaporator and the 
working fl uid evaporates on the shell 
side. The evaporator is 12 m long, 

the diameter is 1.7 m and the total 
weight is about 56 tonnes, includ-
ing the working fl uid charge. Under 
design conditions, the fl ow rate of 
the sewage is 2400 m3/hour, being 
cooled from 10 °C to 6 ºC. The water 
speed in the tubes under these oper-
ating conditions is 1.9 m/sec, and the 
pressure drop is about 0.8 bar.
 
The condenser is a 40 bar two-pass 
shell-and-tube heat exchanger with 
steel tubes. The water fl ow rate un-
der design conditions is 540 m3/
hour, and the total weight of the unit 
is 14 tonnes.

Since the heat pump unit is designed 
for a maximum delivery water tem-
perature of 90 ºC, it is operating 
relatively closely to the critical point 
(R134a; 40.6 bar, 101.1ºC). In order 
to reduce the considerable throttling 
loss and increase system effi ciency, 
the heat pump is equipped with a 
heat exchanger that sub-cools the liq-
uid working fl uid after the condens-
er. The sub-cooler covers about 25 % 
of the total heating capacity.

Main design data
The main design data of the heat 
pump unit are:

• District heating - supply/return 
temperature: 90/60ºC

• Sewage - supply/return tempera-
ture: 10/6ºC

• Condenser/sub-cooler - heating 
capacity: 18.4 MW

• Compressor - input power: 6.57 
MW

• Estimated COP: 2.8
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Measurements have shown that the 
actual heating capacity is between 
19 and 19.5 MW under design con-
ditions, which gives a COP of about 
3.0.  The sewage temperature varies, 
depending on the time of day:  dur-
ing the daytime, the temperature ris-
es to about 12-13 ºC, giving a heating 
capacity of 21-22 MW and a COP of 
3.3.

The estimated annual heat supply 
is about 85-90 GWh/year. The heat 
pump is intended to run at maxi-
mum capacity during the heating 
season, and the plant is shut down 
during the summer.

Advanced sewage 
treatment system
Since it is untreated sewage that is 
being used as the heat source for the 
heat pump unit, it was necessary to 
build two sewage reservoirs and fi l-
ter stations inside the rock cavern. In 
each reservoir, a conveyor belt with 
grating (3 mm gap width) separates 
the solids from the water, and the 
solids are returned to the sewage 
tunnel. Centrifugal pumps pump-
ing the sewage water through the 
shell-and-tube evaporator. In order 
to avoid clogging and fouling in the 
evaporator tubes, the fl ow direction 
of the sewage water is reversed once 
an hour by means of a tailor-made 
motorized four-way valve. The oper-
ation takes about 12 seconds, during 
which time the output water temper-
ature from the heat pump condenser 
drops by about 3-4 ºC. In order to 
maintain a relatively constant evapo-
ration pressure, the by-pass valve 
between the high-pressure and low-
pressure side is opened to 60 % over 
a two-minute period.

The average water fl ow rate in the 
sewage tunnel is about 7200 m3/h 
during the heating season. How-
ever, during periods of cold weather 
without rainfall or melting water, the 
water fl ow rate between 05.00-06.00 
a.m. can be relatively low, and lead 
to operational problems for the sew-
age pumps and the heat pump unit.

The sewage reservoirs with fi lter 
stations, channels and drains are 
covered by aluminium boards, and 

the exhaust air from the ventilation 
system is cleaned with highly effi -
cient UV charcoal fi lters before it is 
discharged through an 800 m long 
duct.

Working fl uid safety
The total R134a charge is about 8.4 
tonnes. Six leak detectors with two-
level alarm systems are mounted in 
the rock cavern. In the event of a fi re 
alarm, the heat pump is shut down, 
and motor-operated valves in the 
suction and liquid lines section the 
evaporator from the rest of the plant. 
In the event of a working fl uid leak-
age, fresh air is blown through the 
rock tunnel:  due to the considerable 
charge, the emergency ventilation 
rate is as high as 20 000 m3/h.

Renewable energy
District heating systems supply 
about 35-40% of the total heating de-
mand in the Nordic countries.  Due 
to cheap electricity from Norway’s 
very large hydro power production 
capacity up to the 1980s or so, Oslo is 
the only Nordic capital that did not 
have widespread district heating.  
However, due to the increasing focus 
on environmental protection, utili-
sation of renewable energy sources 
and energy conservation, the capac-
ity of the district heating system has 
been considerably increased during 
the last 20 years. As a result, Viken 
Fjernvarme has become the largest 
Norwegian supplier of district heat-
ing, with an annual heat production 

of about 1 TWh/year, or about 25 % 
of the total heat production in Nor-
wegian district heating systems. The 
new heat pump installation at Skøy-
en Vest increased the use of renew-
able energy in the district heating 
systems in Oslo from about 50 % to 
70 %. Viken Fjernvarme has decided 
to install a 9 MW heat pump unit at 
Skøyen Vest.

The total installation costs for the 
heat pump plant at Skøyen Vest 
were about EUR 11 million.  About 
18 % of this was funded by ENOVA 
SF, and a further 11 % by Enøk En-
ergy Conservation Fund in Oslo. 

Contact persons
Scanref
Svein Erik Pedersen
+47 3303 1000
norge@scanref.dk

Viken Fjernvarme
Lars-Anders Lorvik
+47 21 62 62 00
Lars-Anders.Lorvik@vikenfjernvarme.
no

Norconsult (main consulting company)
Thomas Theisen
+47 45404898
thomas.theisen@norconsult.no
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The thermodynamic process of a 
heat pump is very suitable for dry-
ing processes.  Simply by reducing 
humidity, water is absorbed from the 
laundry.  Due to low temperatures, 
drying is gentle on fabrics and the 
energy demand is low.

Heat pumps have been used in this 
way for drying wood with good re-
sults for many years.  The same pro-
cedure, for drying laundry, has also 
been well known for a long time.

The function of the dryer can easily 
be explained: Air circulates through 
the machine and takes up the humid-
ity of the laundry. The evaporator of 
the heat pump cools the air, condens-
ing the water vapour, after which 
the air is reheated by the condenser.  
It becomes very dry and picks up 
more moisture in the laundry.  The 
appliance needs only the operating 
power for the compressor of the heat 
pump.

These models take full advantage of 
modern heat pump technology, reus-
ing the heat collected by the evapo-
rator in a closed circulation system. 
The result is an energy saving of 40 
– 50 % in comparison with ordinary 
tumble dryers. 

Nowadays, at least three companies 
- AEG-Electrolux (D), Blomberg (D) 
and Schulthess (Switzerland) - offer 
dryers with energy consumptions up 
to 50 % less than that of a common 
dryer. Class A of the EU effi ciency 
classifi cation can easily be reached. 

Tumble-dryer with heat pump

Rainer Jakobs, Germany

Machines of this type dry laundry 
with care thanks to low and con-
stant temperatures. There is no need 
to sort fabrics which are sensitive to 
temperature. A drum of laundry is 
dry enough to put away in 60 min-
utes. 

The prices for the appliances are 
higher, but overall running costs 
are lower for those who use the ma-
chines a lot.

1 Heat pump is integrated 
in the base of the ma-
chine.

2 Heating up the air.

3 Heating and de-humidifi -
cation of the wash.

4 Cooling and de-humidi-
fi cation of the air.
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Earlier technical problems have been 
solved.  Careful design of the heat ex-
changer means that fl uff balls scarce-
ly cause problems, as simple clean-
ing is now possible. This intelligent 
technology will increasingly gain in 
market importance. The tumble dry-
ers have been developed combining 
ideal energy effi ciency, performance, 
laundry care and comfort.

Due to this technology, electricity 
consumption of a household can be 
reduced. This is a further example of 
how to save energy by an economi-
cal application of electricity without 
abandoning comfort. The heat pump 
reduces primary energy needs in this 
application area.

There are an estimated 15,1 million 
tumble dryers in Germany, repre-
senting only 38 % of the potential 
market  in 2005.

Rainer Jakobs
Informationszentrum Wärmepumpen 
und Kältetechnik – IZW e.V
Jakobs@izw-online.de
+49 (0) 6163 57 17

Money savings
Up to 50%  electricity cost
Up to CHF 485:- per year
Up to CHF 4.848:- over 10 years            

Electricity cost per drying cycle
 
Basis:  1.200 drying cycles per year

HP-dryer Exhaust dryer Condensing dryer

Books & Software

CO2 Emissions from Fuel Combus-
tion - 2006 Edition
In recognition of fundamental chang-
es in the way governments approach 
energy-related environmental is-
sues, the IEA has prepared this pub-
lication on CO2 emissions from fuel 
combustion. This annual publication 
was fi rst published in 1997 and has 
become an essential tool for analysts 
and policy makers in many interna-
tional fora such as the Conference of 
the Parties. The twelfth session of the 
Conference of the Parties to the Cli-
mate Change Convention (COP 12), 
in conjunction with the second meet-
ing of the Parties to the Kyoto Proto-
col (COP/MOP 2), will be meeting in 
Nairobi from 6 to 17 November 2006. 
The data in this book are designed to 
assist in understanding the evolution 

of the emissions of CO2 from 1971 
to 2004 for more than 140 countries 
and regions by sector and by fuel. 
Emissions were calculated using IEA 
energy databases and the default 
methods and emission factors from 
the Revised 1996 IPCC Guidelines 
for National Greenhouse Gas Inven-
tories.
Now available from the IEA Online 
Bookshop, www.iea.org

For more information: 
books@iea.org
Books - International Energy Agency
BP 586, 75739 Paris Cedex 15, France
Tel: 33 1 40 57 66 90
Fax: 33 1 40 57 67 75
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2007
The 4th International Workshop 
on Energy and Environment of 
Residential Buildings (IWEERB2007)
15 - 16 January
Harbin, China 
Contact: PhD Jianing Zhao 
School of Municipal & Environmental 
Engineering
Harbin Instisute of Technology 
Tel: 86-0451-88776496 
Fax: 86-0451-6282123 
E-mail: iweerb2007@hit.edu.cn or sky-
lcy@163.com 
http://indoorair.hit.edu.cn

Natural Refrigerant Heat Pumps
Theory and design of CO2 systems
25 - 26 January
Lyon, France
E-mail: info@greth.fr
www.greth.fr

ASHRAE Winter Meeting
27 - 31 January
Dallas, USA 
E-mail: jyoung@ashrae.org 
www.ashrae.org 

AHR Expo (in conjunction with 
ASHRAE winter meeting)
29 - 31 January
Dallas, USA 
www.ahrexpo.com

2007 European Renewable Energy 
Policy Conference
29 - 31 January
Brussels, Belgium
conference@erec-renewables.org
http://www.erec-renewables.org/events/
2007PolicyConference/default.htm

Cooling Technology Institute 
(CTI) 2007 Annual Conference and 
Exhibition
4 - 8 February
Corpus Christi, Texas, USA
http://www.cti.org/ 

Mechanical Contractors Assoc of 
America (MCAA) Annual Convention
25 February – 1 March
Orlando, Florida, USA
http://www.mcaa.org/education/mcaa/
annualconvention/ 

European Energy Effi ciency 
Conference
1 March
Linz, Austria
offi ce@esv.or.at
http://www.esv.or.at/esv/index.
php?id=1659&L=1#2545 

ACCA Annual Conference and Indoor 
Air Expo
6 - 8 March
Orlando, Florida, USA
http://www.indoorairexpo.com/ 

IIAR 2007 Ammonia Refrigeration 
Conference & Trade Show
18 - 21 March
The international institute of ammonia 
refrigeration
Nashville, Tennessee, USA
http://www.iiar.org/f-conferences1.cfm 

FBF Workshop on Feasible 
Sustainable Buildings and 
Communities
21 - 22 March
Finland

2nd International Conference on 
Magnetic Refrigeration at Room 
Temperature 
11 - 13 April 
Portoroz, Slovenia
info@thermag2007.si 
http://www.thermag2007.si/

HEAT - SET 2007 Heat transfer 
in components and systems for 
sustainable energy technologies
18 - 20 April 
Chambery, France
E-mail: info@greth.fr
www.greth.fr/heatset

ASHRAE Winter Meeting
19 – 21 April
Dallas, USA
www.ashrae.org

Ammonia Refrigeration Technology for 
Today and Tomorrow
27 – 31 April
Ohrid, Republic of Macedonia
Contact: Risto Cikonkov
Tel.: +389 2 3064 762 
Fax: +389 2 3099 298 
E-mail: ristoci@ukim.edu.mk
www.mf.ukim.edu.mk/web_ohrid2007/
ohrid-2007.html

GAMA 72nd Annual Meeting
5 - 8 May
Gas Appliance Manufacturers Association
St. Petersburg, Florida, USA
http://www.gamanet.org/ 

Food Marketing Institute Show
6-8 May
Chicago, Illinois, USA
http://www.fmi.org/events/may/2007/ 

2007 Commercial Construction Show
15 - 17 May
Chicago, Illinois, USA
http://www.cc-show.net/

8e Colloque Interuniversitaire Franco-
Québécois 
sur la thermique des systèmes
28 - 30 May 
Montréal, Canada
Contact : Stanislaw Kajl
Tel : 1-514-396-8517
Fax : 1-514-396-8530
Stanislaw.Kajl@etsmtl.ca
http://www.cifq2007.etsmtl.ca/
The colloquium is held in French but 
open to everybody

CLIMA 2007 9th REHVA World 
Congress, endorsed by ASHRAE
10-14 June 
Helsinki, Finland
E-mail: info@clima2007.org
http://www.ashrae.org/clima2007

Energy Effi ciency in Motor Driven 
Systems
10-13 June 
Beijing, China
eemods07@copper.org.cn
http://www.eemods.cn/

ASHRAE Annual Meeting
23 - 27 June
Long Beach, California, USA
http://www.ashrae.org/ 

22nd IIR International Congress of 
Refrigeration (ICR2007)
21 – 26 August
Beijing, China
Contact: Qiu Zhongyue
Tel: +86 10 6843 4683
Fax: +86 10 6843 4679
E-mail: icr2007@car.org.cn
http://www.icr2007.org
http://www.iifi ir.org

10th International Building 
Performance Simulation Association 
Conference and Exhibition
3 – 6 September
E-mail: bs2007@tsinghua.edu.cn
http://www.bs2007.org.cn/

Fan Noise 2007
17 – 19 September
E-mail: info@fannoise2007.org.
http://www.fannoise2007.org/

For further publications and events,
visit the HPC internet site at
http://www.heatpumpcentre.org.

In the next Issue
Industrial Heat Pumps
Volume 25 - No. 1/2007
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IEA Heat Pump Centre
SP Swedish National Testing 
and Research Institute
P.O. Box 857
SE-501 15 Borås
Sweden
Tel: +46 33 16 50 00
Fax: +46 33 13 19 79
E-mail: hpc@heatpumpcentre.org
Internet: http://www.heatpumpcentre.org

The IEA Heat Pump Centre is operated by

SP Swedish National Testing 
and Research Institute

National team contacts
AUSTRIA
Prof. Hermann Halozan
Technical University of Graz
Innfeldgasse 25
A-8010 Graz
Tel.: +43-316-8737303
Fax: +43-316-8737305 
Email: halozan@tugraz.at

CANADA
Dr Sophie Hosatte
Natural Resources Canada
CETC – Varennes
1615 Bd Lionel Boulet
P.O. Box 4800
Varennes
J3X 1S6 Québec
Tel.: +1 450 652 5331
E-mail: sophie.hosatte@nrcan.gc.ca

FRANCE
Mr Etienne Merlin
ADEME/DIAE
27 rue Louis Vicat
75737 Paris Cedex 15
Tel.: +33 1 47 65 21 01
E-mail: Etienne.Merlin@ademe.fr

GERMANY
Prof. Dr.-Ing. Dr. h.c. Horst Kruse
Informationszentrum Wärmepumpen und 
Kältetechnik - IZW e.V
c/o FKW GmbH
D-30167 Hannover
Tel. +49-(0)511-16 74 75-0
Fax +49-(0)511-16 74 75-25
E-mail: email@izw-online.de
 
Prof. Dr.-Ing. H.J. Laue - Alternate
Informationszentrum Wärmepumpen und 
Kältetechnik - IZW e.V.
Unterreut 6
D-76 135 Karlsruhe
Tel.: +49 721 9862 856
Fax: +49 721 9862 857
E-mail: IZWeV.Laue@t-online.de  

JAPAN
Mr Takeshi Yoshii
HPTCJ
Kakigara-cho, F Building (6F)
1-28-5 Nihonbashi, Kakigara-cho 
Chuo-ku, Tokyo 103-0014
Tel.: +81-3-5643 2404
Fax: +81-3-5641 4501
Email: yoshii@hptcj.or.jp 

NETHERLANDS
Mr Onno Kleefkens
SenterNovem
P.O. Box 8242
3503 RE Utrecht
Tel.: +31-30-2393449
Fax: +31-30-2316491
Email: o.kleefkens@senternovem.nl

International Energy Agency
The International Energy Agency (IEA) was 
established in 1974 within the framework of
the Organisation for Economic Co-operation 
and Development (OECD) to implement an
International Energy Programme. A basic aim 
of the IEA is to foster co-operation among its
participating countries, to increase energy 
security through energy conservation,
development of alternative energy sources, 
new energy technology and research and
development.

IEA Heat Pump Programme
International collaboration for energy effi cient 
heating, refrigeration and air-conditioning

Vision
The Programme is the foremost world-wide 
source of independent information &
expertise on heat pump, refrigeration and 
air–conditioning systems for buildings,
commerce and industry. Its international 
collaborative activities to improve energy
effi ciency and minimise adverse 
environmental impact are highly valued by
stakeholders.

Mission
The Programme serves the needs of policy 
makers, national and international energy &
environmental agencies, utilities, 
manufacturers, designers & researchers. It
also works through national agencies to 
infl uence installers and end-users.
The Programme develops and disseminates 
factual, balanced information to achieve
environmental and energy effi ciency benefi t 
through deployment of appropriate high
quality heat pump, refrigeration & air-
conditioning technologies.

IEA Heat Pump Centre
A central role within the programme is played 
by the IEA Heat Pump Centre (HPC). The 
HPC contributes to the general aim of the IEA 
Heat Pump Programme, through information
exchange and promotion. In the member 
countries (see right), activities are coordinated
by National Teams. For further information on 
HPC products and activities, or for general
enquiries on heat pumps and the IEA Heat 
Pump Programme, contact your National 
Team or the address below.

NORWAY
Mr Bård Baardsen
NOVAP
P.O. Box 6734, Rodeløkka
N-0503 Oslo
Tel. +47 22 80 5006
Fax: +47 22 80 5050
E-mail: baard.baardsen@rembra.no 

SWEDEN
Mr Mattias Ceder (Team leader) 
Swedish Energy Agency 
Energy Technology Department
Electricity production and Energy Use Unit
Kungsgatan 43
PO Box 310
SE-631 04 Eskilstuna
Tel.: +46 16 544 2169
Fax: +46 16 544 2099
mattias.ceder@energimyndigheten.se

SWITZERLAND
Dr Thomas Kopp
Hochschule Rapperswil
On behalf of the
Swiss Federal Offi ce of Energy
Energy Renewable Division
Oberseestrasse 10
8640 Rapperswil
Tel.: +41 55 222 4923
E-mail: tkopp@hsr.ch

UNITED KINGDOM
Dr Sandra Gómez
BRE Sustainable Energy Centre (BRESEC)
Garston, Watford WD25 9XX
Tel.: 01923 66 47 44
Fax: 01923 66 40 87
E-mail: gomezs@bre.co.uk 

USA
Ms Melissa Voss Lapsa
Oak Ridge National Laboratory
Engineering Science and Technology Division
Bethel Valley Road
PO Box 2008
Oak Ridge, TN 37831-6183
Tel.: +1-865-576-8620
Fax: +1-865-574-9331
Email: lapsamv@ornl.gov 


