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As the considerations about global warming and climate change is in-

creasing so does the efforts to reduce the environmental impacts from 

heat pumping equipment. The impact from heat pumping technolo-

gies originates from direct (refrigerant leakage) and indirect emissions 

(from power production). In order to reduce the environmental impact 

both these effects must be considered. Which of these effects that is 

most important will depend on the system and the application. This is-

sue of the HPC Newsletter addresses means and methods for reducing 

the refrigerant charge and keeping the leakages to a minimum. How-

ever this should be done without deteriorating the energy effi ciency. 
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Foreword

It has long been understood that stratospheric ozone depletion and cli-
mate change are inter-linked.  With other gases, both ODSs and their al-
ternatives contribute to climate change.  The issue is that ODSs and their 
emissions are not addressed under the UNFCCC and its Kyoto Protocol.  
In recognition of this fact, the 8th Conference of the Parties to the UN-
FCCC took Decision X/CP.8 in November 2002, inviting the Intergovern-
mental Panel on Climate Change (IPCC) and the Technology and Econo-
mic Assessment Panel (TEAP) to develop a balanced scientifi c technical 
and policy-relevant special report. Parties to the Montreal Protocol took 
a similar decision in 2002.  The IPCC/TEAP Special Report has now been 
fi nalised.

The primary opportunity suggested in the Special Report as it relates to 
ODS and protection of the ozone layer is to address emissions from banks 
of ODS through improved containment of substances, reduced charge of 
substances in equipment (i.e., it is directly related to zero leakage, minimum 
charge), end-of-life recovery and recycling or destruction, and increased 
use of alternatives with a low or negligible GWP or by the use of not-in-
kind technologies.  Banked material is defi ned in the report as including 
substances that have been produced but not yet released to the atmos-
phere, including CFCs stored in existing equipment as a pure chemical, 
and distributed in foams.

The Special Report includes quantitative estimates of the impact that the 
proposals would have on climate change, based upon a bottom-up esti-
mation method.  The IPCC/TEAP Special Report estimates that under a 
business-as-usual scenario, the total direct emissions of CFCs are expected 
to decrease signifi cantly over the period 2002 to 2015. On the other hand, 
HCFC emissions are assumed to increase by almost a factor of two, mainly 
due to growth in the developing countries up to 2015. HFC emissions are 
also assumed to increase, i.e. by a factor of three here.

The report estimates that in a mitigation scenario (with global utilisation 
of best practices in containment (i.e., zero leakage, minimum charge), use of 
low GWP substances etc.), related direct GHG emissions of CFCs, HCFCs 
and HFCs could be reduced by about 50 % compared to the business-
as-usual scenario. The mitigation scenario demonstrates that emissions of 
F-gases can be kept within reasonable limits over the next decades, but 
only provided that high-quality containment and appropriate end-of-life 
measures are applied globally.

The report notes that there is a wide range of policies, measures and in-
struments that can reduce related emissions.  These include:
a. Regulations (e.g.: mandatory technology and performance standards; 
production restrictions); 
b. Financial incentives (e.g.: taxes on emissions, production, import or 
consumption; subsidies and direct government spending and investment; 
deposit refund systems and tradable and non-tradable permits), and,
c. Voluntary agreements. 

The Parties to the UNFCCC and to the Montreal Protocol will further 
address the impact of the emissions of ODSs and their replacements in 
meetings this year.  This issue will also be further addressed in the Fourth 
IPCC Assessment Report, which is due at the end of 2007.

Dr. Lambert Kuijpers

The IPCC/TEAP Special Report 
on Ozone and Climate; issues 
related to HFCs and PFCs

Dr Lambert Kuijpers
UNEP TEAP Co-chair, UNEP 
Refrigeration TOC Co-chair, UNEP 
Replenishment Task Force Co-chair
Member of Steering Committee, IPCC 
TEAP Report, Lead Author IPCC 4th As-
sessment Report, CA Ozone Assessment 
2006
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Columnist

The world is well on its way to eliminate production and consumption 
of CFCs and other ozone-depleting substances (ODS).  Only a few tens 
of thousands of tonnes of CFCs, for example, are being consumed each 
year, mainly in developing countries.  Considering that some millions 
of tonnes were being consumed about two decades ago, this is quite an 
achievement.  Drastic reduction in consumption of CFCs has certainly 
helped to reduce atmospheric chlorine loading and put the ozone layer 
on the path to recovery. 

Now consider the following:
Actions taken under the Montreal Protocol have led to the replacements 
of CFCs with HCFCs and HFCs, as well as others. The refrigeration, heat 
pump and air conditioning industry has undergone considerable trans-
formation. However, CFCs and their replacements (HFCs & HCFCs) 
have global warming potential (GWP). The GWP of CFCs is higher than 
that of HFCs and HCFCs. As a result of this replacement of CFCs, in a 
decade starting from 1990, the combined CO2 equivalent annual direct 
emissions of CFCs, HCFCs and HFCs has decreased by nearly 30 % to 2.5 
Gt, which is equivalent to 10 % of total CO2 emissions from fossil fuels in 
the year 2000. So far so good.

Consider further: 
Current and future emissions of CFCs, HCFCs and HFCs will mainly 
come from banks. Banks are substances that have been produced but not 
yet released into the atmosphere, as they are stored in equipment, stock-
piles, captured in foams etc. Worse, there are no regulatory obligations 
to restrict their emissions, either under the - so far successful - Montreal 
Protocol, or the Kyoto Protocol, which has just entered into force.  How 
serious are these current and potential emissions?

Current banks of CFCs, HCFCs and HFCs are estimated to amount to the 
equivalent of 21 Gt of CO2.  This is about the same as the annual emis-
sion of CO2 in the year 2000! The share of refrigeration, air-conditioning 
and heat pump applications in the banks represent 50 % of banks and 80 
% of emissions. It is clear that, while the global community world-wide 
is on the right track to safeguard the ozone layer, the same cannot be said 
about the climate system, considering these ‘rich’ banks, ‘high stocks’ and 
global warming emissions.

Take action now: 
• Improved containment of substances.
• Reduced charge of substances in equipment. 
• End-of-life recovery and recycling and/or destruction of substances.
• Increased use of alternative substances with a lower or zero global 

warming potential.
• Not-in-kind technologies.

Informal decisions based on Life Cycle Climate Performance (LCCP) are 
needed for technology options to be deployed.  Improved energy-effi -
cient technologies could give economic benefi ts.  Recovery, recycling and 
destruction have associated costs, but the environmental benefi ts could 
outweigh these costs.
 Through its OzonAction Programme, UNEP will be assisting devel-
oping countries through regulation, fi nancial incentives and voluntary 
agreements to reduce the impact of these banks on global warming.

Rajendra Shende

Rajendra Shende
Head OzonAction Branch,
UNEP DTIE, Paris  
  

Rich banks and high stocks! 
… but a bleak future for our climate
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Heat pump news

General

State of demand-side 
management and en-
ergy effi ciency in the 
world
A report from the IEA Demand-Side 
Management (DSM) Implementing 
Agreement provides an overview of 
the environment in which DSM and 
Energy Effi ciency (EE) programmes 
and measures will need to operate 
in the next fi ve years. The informa-
tion was gathered during a meeting 
in October 2004, where Executive 
Committee delegates summarized 
their countries’ top energy concerns, 
new trends in the energy market 
sector and new policies that will af-
fect DSM and EE in their country. 
The participating countries were:

Australia
Austria
Belgium
Finland
France
Italy
South Korea

The top energy concerns for the 
countries include:
• Security and reliability of energy 

supply
• Environmental protection
• Market effi ciency

New market trends identifi ed were:
• Tradable white certifi cates (Italy, 

France)
• Energy effi ciency in the building 

sector (Austria, Norway)
• A growing presence of renewable 

energy (Spain, US, Australia, Bel-
gium, Sweden)

• Distributed generation (Austria, 
Finland, Belgium)

• New coal and nuclear power plants 
in some countries (Finland, US)

• Continued phase-out of nuclear 
power in other countries (Sweden, 
Belgium)

A large number of policies related to 
DSM and EE were reported, and 

Japan
Norway
Spain
Sweden
United Kingdom
United States

can be categorised as:
• Financial (tax reductions, tax in-

centives)
• Targets and trading (carbon tar-

gets, emissions trading)
• Standards/labels and information 

programmes (voluntary effi ciency 
standards, energy audits, labels, 
standards etc.)

• Research and development (R&D 
important tool for climate change 
technologies).

The above is a brief introduction. The 
report also contains a section for each 
country.

Source: State of DSM and EE in the 
world. The report can be download-
ed at dsm.iea.org

Top ten in 
Switzerland
Switzerland – A web site providing 
potential customers with informa-
tion on energy use and other infor-
mation on products has been set up 
in Switzerland. The site, called ‘top 
ten’ (www.topten.ch), is an initiative 
of the Schweizeriche Agentur für En-
ergieeffi zienz, S.A.F.E., Consuprint 
and Oerlikon Journalisten AG, and 
is supported and promoted by WWF 
Switzerland. It has been running for 
four years, receiving 550 000 visitors 
in 2004, a 50 % increase since 2003. 
Current product categories are: of-
fi ce, lighting, recreation, house, trans-
port, electrical appliances and green 
power. Among the products are heat 
pumps and heat pump water heat-
ers. The green power products are all 
labelled according to the Swiss green 
energy label, ‘naturemade Star’.

The concept of the top ten web site is 
now extended to France and Austria, 
and a new web site (www.topten.
info) will be set up to connect the na-
tional top ten web sites.     

Source: www.eugenestandard.org

Commercial refrig-
eration effi ciency 
standards
USA – Commercial refrigeration 
manufacturers and energy effi ciency 
advocates have reached an agree-
ment on effi ciency standards for fed-
eral equipment. The standard relates 
to refrigerators, freezers and refrig-
erator freezers used in restaurants, 
convenience stores, grocery stores 
and other commercial buildings. The 
agreement has now been submitted 
to both the US Department of Energy 
and to members of Congress for an-
ticipated inclusion in the new energy 
effi ciency legislation. 

Currently, there are no federal mini-
mum effi ciency standards for refrig-
erators, freezers or refrigerator freez-
ers. In the agreement, the signatories 
recommend Congress a minimum 
effi ciency standard for such equip-
ment. If the agreement comes into 
force, it is estimated that, by 2020, it 
will reduce peak power demand by 
about 530 MW, and reduce the emis-
sions of carbon dioxide by 1.6 million 
metric tons, which is equivalent to 
taking about 300 000 average passen-
ger vehicles off the road that year. 

The agreement was negotiated be-
tween the Air-Conditioning and Re-
frigeration Institute (ARI) and the 
American Council for an Energy-
Effi cient Economy (ACEEE). Other 
signatories to the agreement are nine 
commercial refrigeration manufac-
turers, the California Energy Com-
mission, the Natural Resources De-
fence Council, the Alliance to Save 
Energy, the Northeast Energy Ef-
fi ciency Partnerships, the Environ-
ment Northeast, and the Appliance 
Standards Awareness Project.    

Source: www.ari.org
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Heat pump news

US efforts for clean 
and renewable en-
ergy
USA – Many news items and press 
releases have been issued during 
this spring regarding initiatives for 
energy effi ciency, green energy and 
clean air in the United States. Two in-
itiatives are coordinated by the Envi-
ronmental Protection Agency (EPA). 
The EPA State Energy Effi ciency and 
Renewable Energy (EERE) Projects 
have participants from utility regula-
tors from six states. State utility reg-
ulators work together with EPA in 
these projects to explore approaches 
for reducing the cost of consumer 
electricity and gas bills through cost-
effective energy effi ciency, renewable 
energy and clean distributed genera-
tion. The project will build upon the 
experience from the ENERGY STAR 
program, run for the past decades. 

In the second project, Clean Energy/
Environment State Partnership Pro-
gram, EPA will assist states as they 
develop and implement action plans 
to improve air quality, decrease en-
ergy use, reduce greenhouse gas 
emissions, and enhance economic 
development. This program brings 
together ten states. The background 
for the project is that the demand for 
energy is expected to climb by 40 % 
by the year 2025, and that 126 million 
people are living in counties where 
the air is unhealthy at one time or 
more during the year. Many states 
are therefore trying to integrate en-
ergy and environmental policies to 
protect public health while address-
ing concerns such as electricity reli-
ability, energy security and economic 
development.

Other initiatives are:
• USD 100 million over the next fi ve 

years for energy effi ciency efforts 
in the northwest states of Idaho, 
Montana, Oregon and Washing-
ton.

• Incentives for increased use of 
wind power, hydrogen and alter-
native fuel technologies in North 
Dakota.

• USD 20 million in bonds for fi -
nancing energy effi ciency and re-

newable energy improvements in 
public buildings in New Mexico. 
The bonds will be applied to state 
buildings and school district build-
ings, and the projects will include 
energy effi ciency measures and 
any types of renewable energy sys-
tems, as well as systems for energy 
recovery and combined heat and 
power generation.

• In Pennsylvania, the Department 
of Environmental Protection an-
nounced USD 10 million available 
for grants, loans and loan guaran-
tees for projects and research in-
volving solar, wind, geothermal, 
biomass, fuel cells and low-impact 
hydro power. The funds could 
also be used for energy effi ciency 
projects and energy recovery and 
load management systems.

• Connecticut and New Jersey are 
launching new Green Power Pro-
grams to encourage customers 
to buy green power – electricity 
generated from renewable energy 
sources.       

Source: EERE Network News, April 
13 and April 27
www.epa.gov/newsroom
www.nwalliance.org

Four new EU projects
EU – Four newly started collabora-
tive EU projects concentrating on 
heat pumping technologies have 
been reported.

Groundhit: Aims at improving cost-
effectiveness, competitiveness and 
market penetration of ground-source 
heat pumps. The project is investi-
gating the following topics:

• Development of a prefabricated 
borehole heat exchanger with im-
proved heat transfer.

• Increasing the effi ciency of ground-
source heat pumps (GSHP).  The 
aim is to increase the seasonal per-
formance factor from 3.9 to over 
4.5.

• Developing GSHP which can de-
liver hot water at 80 °C.

• Increasing the effi ciency of GSHPs 
using hot groundwater at 40 °C as 
the heat source.

Three prototype installations, dem-
onstrating the above technologies, 
will be made in Greece, Portugal and 
Austria.   

The project is coordinated by the 
Centre for Renewable Energy Sourc-
es (CRES) in Greece, with partners 
from France, Germany, Austria, Por-
tugal, Romania and Poland.  

Auditac: The background to this 
project is that a large part of the Eu-
ropean AC equipment will be more 
than 15 years old in 2010. A SAVE 
study (EECCAC) shows that it 
should be possible to reduce the en-
ergy used for air conditioning by 50 
%. In addition, the Energy Perform-
ance of Buildings Directive (EPBD) 
stipulates that AC equipment with 
a capacity over 12 kW must be regu-
larly inspected. 

The objective of this project is to help 
the European air-conditioning (AC) 
market to reach higher effi ciencies 
through good inspection routines 
and other measures. The results from 
the project should be information on 
the EPBD, a guideline for inspection 
of AC equipment with information 
on best practice etc, training materi-
al, and benchmark analysis and case 
studies. 

The project is a collaboration between 
Austria, Belgium, France, Italy, Por-
tugal, Slovenia, the UK and also Eu-
rovent. More information is available 
from the web site, www.energyagen-
cy.at/projekte/auditac.htm

Keep Cool: This project intends to re-
duce the use of air conditioning. The 
current trend in Europe is that the 
need for air conditioning is increas-
ing. Even in countries like Sweden, 
the use of mechanical air condition-
ing is increasing, although there are 
several ways to reduce the need for 
air conditioning. The objective of the 
project is to stimulate cooperation 
and to help companies that manu-
facture and sell products that can re-
duce the heat load, and thus the need 
for air conditioning, in other ways. 

The participating countries include 
Sweden, Portugal and Italy.
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Heat pump news

Compfreeze: The objective of this 
project is to increase the competitive-
ness of small and medium sized en-
terprises (SMEs) in the frozen food 
industry by developing low-temper-
ature freezing equipment. The aim is 
to improve knowledge of the connec-
tion between rapid freezing processes 
and the quality of the product, using 
various types of freezers. The project 
also focuses on using carbon dioxide 
as a refrigerant. 

Denmark and The Netherlands are 
taking part in this project, which is 
operated within EU’s CRAFT-pro-
gramme which aims to assist SMEs.    

Source: www.geothermie.de/groun-
dhit, Eurovent/Cecomaf Review, 
March 2005, Energi & miljö no. 4, 
2005 (in Swedish), Scandinavian Re-
frigeration, no. 2, 2005 (in Danish)  

Energy label on cir-
culation pumps
EU – The European Association of 
Pump Manufacturers, Europump, 
has launched an energy effi ciency la-
belling scheme for circulation pumps. 
It is a voluntary scheme, developed 
by the four companies of Grund-
fos (Denmark), Wilo (Germany), CP 
(UK) and Smedegaard (Denmark), 
who together have more than 80 % of 
the European circulation pump mar-
ket. The scheme resembles the EU 
energy label scheme, and Europump 
wants the EU and its member states 
to support and endorse the scheme. 
It is open for all circulation pump 
manufacturers to join.  

The scheme has been developed in 
order to promote competition be-
tween manufacturers by encouraging 
the development of more energy-effi -
cient circulation pumps. A traditional 
pump in a hydronic heating system 
is a Category D pump: by changing 
to a Category A pump, about USD 40 
per year can be saved. The pumps are 
said to be an anonymous energy con-
sumer, using up to 15 % of the elec-
tricity of a European household.    

Source: Europump and www.grund-
fos.se

European Certifi ed 
Heat Pump Installer
EU - EU-CERT-HP (EU Certifi ed 
Heat Pump Installer) is a project part-
funded by the European Commission 
and involving partners from Austria, 
Germany, Italy, Ireland, UK, Sweden, 
France, Czech Republic and Slovenia, 
with Raphaela Boeswarth of Arsenal 
Research – Austria being the project 
co-ordinator. The aims of the project 
are to have a common training meth-
odology and certifi cation scheme for 
heat pump installers in Europe. This 
is to ensure that the quality of heat 
pump installations is maintained at 
a high level. The EU Certifi ed Heat 
Pump Installer, a trade mark for high-
ly qualifi ed and reliable installers in 
the fi eld of heat pump technology, 
would be created. This certifi cation 
will, on the one hand, help qualifi ed 
and committed installers to stand out 
from competitors, and on the other 
hand give customers the necessary in-
formation to make an informed choice 
for selecting a quality installation. 

The training and certifi cation meth-
odology for this project involves the 
following tasks:
• Identifying the key competences for 

an EU Certifi ed Heat Pump Install-
er.

• The publishing of a training manual 
which details the knowledge and 
requirements to become an EU Cer-
tifi ed Heat Pump Installer.

• Setting the standards for the training 
facilities and the equipment needed 
in an approved training laboratory.

• Setting the extent of the practical 
learning experience.

• Implement the required training in-
frastructure in national training in-
stitutions in the participating coun-
tries.

• Realisation of pilot training courses 
in the participating countries fol-
lowed by an evaluation and revi-
sion procedure of the training ma-
terials and training organisation. 

• Defi ning a European certifi cation 
scheme for Heat Pump Installers 
which enables continuous quality 
control in the fi eld of heat pump 
planning and installation. A regu-
lar check of the competence of the 
EU Certifi ed Heat Pump Installers 

would maintain the quality of heat 
pump planning and installation on 
a high level.  

• The setting up of a European Cer-
tifi cation Committee to validate the 
proceedings whilst ensuring that 
the consistency and quality of the 
certifi cation scheme and the train-
ing courses undertaken in all par-
ticipating countries is maintained. 
This Certifi cation Committee will 
continue after the end of the project 
and will ensure the advancement of 
the training and certifi cation pro-
gram in the future.

• After the revision process of the 
training program, non-participat-
ing countries are invited to join the 
training and certifi cation activities 
and to join the Certifi cation Com-
mittee, thus extending the infl uence 
of the EU-CERT.HP project on the 
quality of heat pump systems to 
more countries.  

The project commenced in March 2004 
and the running of the pilot training 
courses in each of the project coun-
tries is due to start at the beginning 
of 2006, with the fi nal dissemination 
activities due to be completed by the 
end of 2006 (see the EU-CERT website 
at www.ehpa.org)  

Research has been undertaken in 
all partner countries to investigate 
the status of current  training avail-
able, how it is applied and the target 
groups for such training (for exam-
ple, electricians, plumbers, techni-
cians). This research was then co-or-
dinated to produce the fi rst draft of 
a training manual and the minimum 
requirements for a heat pump train-
ing laboratory. A preliminary version 
of an English training manual will be 
fi nished in June 2005. 

Source: Raphaela Böswarth, Arsenal 
Research, Austria
raphaela.boeswarth@arsenal.ac.at
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Heat pump news

Mitigation of emis-
sions of greenhouse 
gases in refrigeration 
- A new IIR Working 
Party
A new IIF/IIR working party entitled 
“Mitigation of Emissions of Green-
house Gases in Refrigeration” has 
been set up in order to address these 
broad issues further. The working 
party will involve Commissions B1, 
B2, D1, D2, E1 and E21

The objectives of the working party 
are:
• To exchange views on reduction of 

emissions of greenhouse gases in re-
frigeration.

• To collect information and fi gures 
on the subject and disseminate them 
amongst members of the working 
party. This clearing house will be 
prepared with the participation of 
the Information Resources Depart-
ment of the IIF/IIR.

• To prepare statements, position pa-
pers and Informatory Notes on be-
half of the Scientifi c Council.

• To represent the IIF/IIR at events 
dealing with global warming.

The IIF/IIR has been particularly ac-
tive with regard to the global warm-
ing issue in the fi eld of refrigeration 
(refrigeration as such, air conditioning 
and heat pumps), and has attended 
most of the Conferences of Parties to 
the UN Framework Convention on 
Climate Change. Several statements 
and Informatory Notes were prepared 
and presented at these events.

IIF/IIR fi rmly believes that reduc-
tion of emissions of greenhouse gases 
(GHGs) will increasingly become an 
issue of paramount importance. It will 
drive the development and operation 
of new equipment. All countries, with 
or without ratifi cation of the Kyoto 
Protocol, will undoubtedly also de-
velop measures to reduce emissions 
of GHGs. The new working party is 
based on the assumption that possible 
measures are numerous and will be 
based on a design, operation and end 
of life life-cycle analysis of the refrig-
erating equipment.

The following hot list of measures will 
be addressed (more or less):

1. Design
Gastight systems
Maximised energy effi ciency
Minimised refrigerant charge
Use of the appropriate refrigerant de-
pending on the application (non-HFC 
and HFC refrigerants)
2. Operation
Commissioning of the refrigerating 
system
The importance of training, qualifi ca-
tion and certifi cation of refrigeration 
personnel in the proper handling of 
refrigerants
Raising the awareness of stakehold-
ers
Minimised leakage
Regular inspection of containment
Recover, recycle, reclaim or destroy 
refrigerants
Monitoring the handling of refriger-
ants (log book)
3. End of life
Minimised end-of-life emissions

The members of the working party 
will be commission members of the 
IIR and experts whose knowledge of 
the subject will benefi t the working 
party. Members of the working party 
are expected to be either private mem-
bers or representatives of corporate 
members of the IIR.

The work will be led by the under-
signed, who has been appointed by 
agreement between the Presidents of 
Commissions and Sections involved, 
the President of the Scientifi c Council 
and the Director. The working party 
will hold at least one meeting per year. 
Minutes will be taken at each meeting 
and posted on the working party’s 
web site.

The following deliverables are 
planned
• One statement, position paper or In-

formatory Note per year.
• One workshop or conference per 

year, with publication of proceed-
ings in CD-ROM form.

The working party will start its work 
during early autumn 2005, as soon 
as the report “IPCC/TEAP Special 
Report on Safeguarding the Ozone 
Layer and the Global Climate System: 
Issues related to Hydrofl uorocarbons 
and Perfl uorocarbons” has been pub-
lished. Interested IIF/IIR members or 
experts should contact me or the IIF/
IIR offi ce in Paris as soon as possible. 

1For information on the working areas 
of commissions within the IIF/IIR, see 
the www.iifi ir.org web site.

Source:Per Lundqvist
Royal Institute of Technology, Stock-
holm
 per.lundqvist@energy.kth.se
 tel +46 8 790 74 52
 fax +46 8 20 30 07

7th IIR-Gustav 
Lorentzen Confer-
ence – Call for pa-
pers
Norway – The main objectives of this 
conference, which will occur May 29 
– 31 2006, is to discuss the latest re-
search results and advances related 
to the use of natural working fl uids in 
different types of systems and appli-
cation areas. Conference sessions are 
planned and papers are requested on 
subjects related to the basic engineer-
ing science, design and application 
of refrigeration, air-conditioning and 
heat pump systems based on natural 
working fl uids, including:

• Fundamentals
• Properties, lubrication, chemistry 
• Process, cycle, system and compo-

nents development 
• Vapour compression systems: NH3, 

hydrocarbons, CO2 and water 
• Gas cycle and sorption systems 
• Safety with respect to fl ammable, 

toxic and high-pressure fl uids 
• Secondary systems 
• Heat transfer and heat exchangers, 

compressors and machinery 
• Energy effi ciency, operational expe-

rience and economy 
• Applications of systems based on 

natural fl uids 

Deadline for titles and abstracts is 
September 1st 2005. Authors notifi ed 
about acceptance of abstract: Novem-
ber 1st 2005. Papers due: February 1st 
2006; authors notifi ed about accept-
ance of papers: March 1st 2006.

Source and more information: www.
energy.sintef.no/arr/GL2006/
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Technology & Applications

Solar-assisted air 
conditioning
For six years, experts from twelve 
countries of the IEA Solar Heating 
and Cooling Implementing Agree-
ment have jointly worked on the ‘So-
lar-assisted air conditioning of build-
ings’ project. The aim of the project is 
to improve conditions for the market 
introduction of solar-assisted cool-
ing systems. The project participants 
identifi ed three key barriers to an in-
creased market share:
• A lack of common design and con-

struction practices
• Limited understanding of the mar-

ket availability of the technology 
and its environmental benefi ts

• Absence of fi eld data and experience 
of solar air conditioning technology 
in buildings.

Two major niche markets were also 
identifi ed:

• ‘Solar combi-plus systems’ (domes-
tic hot water heating, space heat-
ing plus cooling) for residential and 
small commercial buildings

• Applications with added values 
besides energy savings, such as 
concern for the environment, green 
businesses etc.

There are two major types of systems 
where the solar-assisted technology 
may be used:
• Desiccant cooling systems
• Thermally driven chillers.

The following work has been carried 

out in order to begin to remove mar-
ket barriers:
• Defi ning performance criteria of so-

lar-assisted cooling systems – both 
energy and economic performance. 
This work is detailed in the book 
‘Solar-assisted air conditioning in 
buildings – a handbook for planners 
and the design tool ‘SOLAC’.

• Identifying and further developing 
promising solar-assisted cooling 
technologies. 

• Optimising the integration of solar-
assisted cooling systems into build-
ings and HVAC systems

• Monitoring eleven demonstration 
projects in six countries. 

The situation for solar-assisted cool-
ing has made remarkable progress 
over the last fi ve years. Far more sys-
tems are in operation today than fi ve 
years ago, and there is thus lot more 
experience of their operation. Com-
bined with the developments of ther-
mally-powered cooling technology, 
the potential for solar-assisted cooling 
applications is growing. 

Source: SHC Solar Update, vol. 43, 
March 2005. 

New effi cient air 
source heat pump
Austria - Ochsner Heat Pumps has 
come up with a new air source heat 
pump, claimed to be more effi cient 
than other units on the market. The 
AIR-STATION heat pump provides 
both space heating and domestic hot 

water heating, and is intended for 
bivalent operation. It is available in 
fi ve different sizes and is suitable for 
homes with living areas from 100 to 
350 m². It is available for indoor or 
outdoor installation, and can also be 
used as a climate control heat pump, 
i.e. providing space heating in winter 
and cooling in summer. 

Technology improvements
The “O-Tronic” controller provides 
hot-gas defrost on demand. A new 
design of evaporator is about 30 % 
larger than evaporators in other units 
on the market. The third highlight is a 
particularly effi cient fan. These three 
improvements are claimed to increase 
the coeffi cient of performance (COP) 
above the current market level:  where 
other air heat pumps on the market 
have COPs from 2.9 to 3.2, the new 
AIR-STATION heat pump achieves 
COPs from 3.4 to 3.6. 

Quiet operation
The new design has other advantages.  
In order to ensure adequate protection 
for outdoor installation, the housing is 
specially designed for optimal weath-
er resistance. The side covers not only 
improve protection against rain, but 
also reduce emission of noise. Noise is 
further reduced by the use of special 
sound insulation in the casing and the 
use of an adequately sized, slow-rotat-
ing fan. With these features, the noise 
emitted from the AIR-STATION unit 
is comparable to that from a freezer. 
This represents a signifi cant reduction 
of noise emissions. 

Source: OCHSNER 
WÄRMEPUMPEN GmbH
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Recovering sewage 
water heat
Germany - Using the waste heat in 
a sewer system as a sustainable heat 
source has not been seriously consid-
ered up to now, although it makes a 
lot of sense from an ecological point 
of view. Fossil fuels are becoming in-
creasingly expensive, which makes 
renewable energy technologies more 
competitive.  The recovery of waste 
heat from sewer systems represents a 
new alternative heat source.  Japan has 
been the fi rst to exploit it, followed by 
Switzerland and Germany.

The average year-round temperature 
in thousands of kilometres of mu-
nicipal sewerage systems, accepting 
waste water from a mix of urban hous-
ing and industry, is about 12-16 °C:  in 
some countries, it can reach about 20 
°C or more.  In addition, the whole 
network of buried pipes represents a 
huge shallow ground heat collector 
system, with the additional benefi t 
of providing an excellent infrastruc-
ture from which all buildings can be 
reached.  

Japanese estimates indicate that 40 % 
of the waste heat discharged by urban 
communities is carried away in the 
sewage.  Cooling the entire sewage 
waste water production in Germany, 
estimated to amount to approximate-
ly 11 thousand million m3/year, by 5 
°C would provide a theoretical heat 
source of 65 million MWh, equivalent 
to a saving of  5,59 million tonnes of 

fossil fuels and a reduction of 11 thou-
sand million tons of CO2  emissions 
per year.

Sewerage systems therefore represent 
a large sustainable heat source, with a 
huge future potential for every com-
munity in the world.  This energy 
could be a perfect source for modern 
heat pump systems, preferably sup-
plying heat to district heating sys-
tems, or for use in combination with 
conventional heating systems. 

Against this background, TEC MAN-
AGEMENT, a small engineering and 
consulting fi rm in Germany, has re-
cently developed a basic concept for 
modifi cation of conventional sewer 
pipes for use as heat exchangers for 
the collection of both sewage waste 
heat and shallow ground heat.  The 
design is basically a coaxial double-
wall sewer pipe made of ductile cast 
iron, stainless steel or HDPE, with two 
tangentially arranged supply and re-
turn connections. The inner pipe car-
ries the waste water fl ow as usual, 
while the outer pipe forms an annular 
chamber through which the heat ex-
changer fl uid (water) is pumped.  The 
pipes can be laid conventionally from 
one sewer manhole to the next.  Each 
pipe can have a maximum length of 
six meters. Where possible, two sepa-
rate pipelines should be laid above 
the sewer pipe, acting as supply and 
return pipes for the heat exchangers, 
and connected to the heat pumps. It 
is planned to offer a full range of sizes 
and connection systems, designed for 

The fi rst 20 SEER 
residential air condi-
tioner
USA – Lennox Industries, USA, 
have introduced what is claimed to 
be the world’s fi rst residential air 
conditioner rated at over 20 SEER 
(Seasonal Energy Effi ciency Rating). 
The air conditioner, XC21, has a two-
stage scroll compressor with two lev-
els of operation; one high level for 
hot summer days and one low level 
for cooler days. The low level will be 
enough for approximately 80 % of 
the time. The XC21 also uses R410A 
and is designed for low sound level. 
It is claimed to be 13 times quieter 
than a standard air conditioner. The 
low sound level is achieved by a new 
fan design, a vibration insulator for 
the compressor and a sound-damp-
ening fan grille.

Source: ASHRAE HVAC&R Indus-
try, March 31, 2005

delivery ex works and ready for con-
ventional laying in a trench. 

Source:
TEC MANAGEMENT 
Dipl.-Ing. Michael Henze
Mainring 10
D-63500 Seligenstadt
Germany 
Fax: +49 (0)6182 / 897967
eMail : tec-management@t-online.de
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Markets

Strong development 
of the French air 
conditioning market
France – The market for air condi-
tioning equipment in France boomed 
in 2004. The market for mobile air 
conditioners increased by 96 %, even 
though these units have quite low 
capacity and is not particularly en-
ergy-effi cient. They benefi t from the 
fact that they do not need to bear the 
cost of an installation. Even more 
impressive is the increase of mono 
and multi-split air conditioners with 
a capacity less than 17.5 kW. Sales of 
mono units increased by 141 %, and 
of multi units by 109 %. The only fall 
in this category was that of window 
units, which fell by 18 %. It is also in-
teresting to note that 80 % of the split 
units were reversible, compared to 68 
% in 2002. Inverter units constituted 
40 % of the split units, which is an in-
crease of 210 % over last year.

Source: Die Kälte&Klimatechnik, 
no.2, 2005

CO2 heat pump for 
hydronic heating 
systems
Sweden – The fi rst CO2 heat pump 
for the Swedish market has now 
been released by the Swedish com-
pany Ahlsell. It is an air source heat 
pump for hydronic heating systems, 
developed by Sanyo, and which pro-
vides both space heating and domes-
tic hot water (DHW) heating. The 
outdoor unit is connected to a spe-
cially designed storage tank, where 
the DHW is circulated in two coils 
placed inside the storage tank. The 
heat pump, which is capacity-con-
trolled by a variable-speed control 
(inverter), is claimed to deliver 4.5 
kW heat power down to an outdoor 
air temperature of -15 °C and to be 
able to heat the water up to +70 °C.      

Source: www.kcc.se

Heat pump water 
heater market ex-
pands
Japan – The market for heat pump 
water heaters is expanding steadily 
in Japan. Sales for 2004 are expected 
to have reached 120 000 units, which 
is an increase of about 50 % from 
2003. In particular, demand for the 
ECO CUTE units using natural re-
frigerants is increasing rapidly. The 
great interest for the ECO CUTE tech-
nology is said to be due to a steady 
penetration of the all-electric homes 
market, low running costs and envi-
ronmental considerations. 

Source: JARN, February, 2005 

Almost 10 000 units 
sold in Switzerland
Switzerland – Despite a new sales 
record, the magic number of 10 000 
sold units was not quite reached. In 
2004, 9,872 units were sold, which is 

an increase of 13 % since 2003. The 
following activities will be in focus 
for FWS during this year and in the 
years to come:
• Increasing the share of heat pumps 

in the retrofi t market
• Increasing the number of large 

heat pump units in both new 
builds and retrofi ts

• Maintaining and further strength-
ening quality assurance

• Strengthening the technological 
and sales skills of the association’s 
members.

Source: Mitgliederinformation För-
dergemeinschaft Wärmepumpen 
Schweiz, FWS, no. 1, 2005   
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Developments on 
the Dutch heat pump 
market
Netherlands - The Dutch Heat 
Pump Association has 15 members, 
being producers and importers of 
heat pumps. The Association has 
welcomed Nibe as a new member in 
2004. 

At the end of 2004, about 5000 heat 
pumps were in use in the Nether-
lands:  about 1500 were sold in 2004.

A very successful subsidy scheme 
on sustainable energy systems was 
abolished at the end of 2003 due to 
the budget being exhausted. Domes-
tic heat pumps were subsidised by 
EUR 700, which assisted the market 
for heat pumps to remain about the 
same in 2004 as in the previous year. 

The Kwaliteitskeur Warmtepompen 
(Quality Seal Heat Pumps) scheme 
has become more important:  it re-
quires heat pumps to be tested for 
performance aspects such as COP 
and noise production, with the re-
sults stated on certifi cates accompa-
nying the heat pumps.

New developments
Two new initiatives were started in 
the Netherlands in 2004, making use 
of heat pumps in an ingenious way.

The fi rst initiative consists of a project 
to use sewage effl uent from a sewage 
plant to provide heat to up to 10 000 
residences through district heating. 
Sewage effl uent, at a temperature be-
tween 11 °C and 23 °C, will provide 
the heat source for the heat supply. A 
pilot project for 150 to 200 residences 
in The Hague will be started by Ene-
co, one of the large energy companies 
in the Netherlands.
 
A second initiative uses sea water as 
the heat source. In this project, also 
in The Hague (Duindorp), heat is 
extracted from sea water at an aver-
age temperature of 11 °C. This heat 
is rejected to a primary heat transfer 
media circulated to 749 buildings, 
where local heat pumps use this as 
a heat source to produce higher tem-

peratures for space heating and do-
mestic hot water heating. From 2006 
onwards, these homes should receive 
their heat from sea water as a world-
wide fi rst using this concept. 

Opportunities for the future
The Dutch Building Directive in-
corporates an energy performance 
standard for calculation of the di-
mensionless Energy Performance 
Coeffi cient (EPC), which is a meas-
ure of the energy a house or building 
needs under standard conditions. 
The calculation sums all the heating 
requirements (including hot water 
and lighting) of a building, divided 
by a weighted measure of the surface 
of all fl oors plus a weighted measure 
of the external area of the building 
(and a correction factor for backward 
compatibility with previous versions 
of the standard).

The standard provides opportunities 
for heat pumps, as the new version 
of the standard (which is expected to 
come into effect from 2006) also in-
cludes the cooling requirements of a 
residential building.  The standard 
will be tightened up in 2006 or 2007, 
which will make it virtually impos-
sible to obtain a building permit 
without incorporating a sustainable 
energy source and/or making use of 
heat recovery systems. 

Source: Gerald Huijzendveld, Inven-
tum BV
Member of the Dutch Heat Pump 
Association
info@stichtingwarmtepompen.nl

Yet another record 
year for China
China – Both domestic and overseas 
sales of Chinese air conditioners 
(AC) set new records during the 
2004 refrigeration year (RY) (Sep-
tember 2003 – August 2004). In the 
domestic market, sales reached 26 
million units, and exports reached 
25 million units. The export fi gures 
represented an increase of 52 % 
since 2003, mainly due to increased 
production in China by foreign 
enterprises. These fi gures were 

reached even though 2004 saw an 
increase in raw material prices, 
shortage of compressors and envi-
ronmentally friendly refrigerants, 
power crisis, export rebate reduc-
tions, and the Chinese state’s macro-
control policies used to cool down 
the overheated economy.  

Many of the above obstacles arise 
from the rapid expansion of the pro-
duction rate of ACs. Even though 
the production of compressors 
reached 43 million units in China 
during RY 2004 (an increase of 50 % 
over 2003), there was a shortage of 
compressors for the AC manufactur-
ers. The increasing exports to the 
European market caused a shortage 
of environmentally friendly refriger-
ants. Both these effects caused some 
companies to suspend production. 
Another problem faced was a power 
crisis, which was also due to the 
high production rate. Many pro-
duction lines in Shanghai, Zhejiang 
and Guangdong had to be stopped 
due to power supply shortage. The 
intense competition also caused the 
price of steel to rise, which had the 
effect of making many AC manufac-
turers form allies with raw material 
providers.

From 2003 to 2004, the value of sales 
on the domestic market increased by 
11 %, even though the average price 
for a household AC fell by 10 % dur-
ing the period. The increase in sales 
is explained by an increase in house-
hold incomes and the development 
of real estate. Of the units sold, only 
5 % are inverter ACs, which are 
still considered too expensive. The 
dominating manufacturers for the 
domestic market are Gree, Midea 
and Haier, which all sold more than 
3 million units. More than 1 million 
units were also sold by Kelon, Aux, 
Chigo, LG, Matsushita, Shinco and 
Hisense. Worth noting is that there 
were 96 air conditioner brands on 
the Chinese market in 2004. Even 
though this must be considered a 
large number, it is a decrease from 
150 brands in 2003.     

Source: JARN, February, 2005   
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Germany - The German heat pump 
market has recorded continuous 
growth for more than ten years.  12 
636 heat pump heating systems were 
sold last year, together with 3 784 hot 
water heat pumps for reliable and 
environmentally friendly heating of 
non-potable water, to give a total of 
16 420 units.  This is confi rmed by 
the fi gures of the joint heat pump 
sales statistics issued by the Bundes-
verband WärmePumpe eV. (BWP 
– Federal Heat Pump Association) in 
Munich and the Bundesindustriev-
erband Deutschland Haus-, Ener-
gie- und Umwelttechnik eV. (BDH 
– Federal Association of Building 
Services, Energy and Environmen-
tal Engineering) in Cologne.  These 
fi gures do not take into account heat 
pumps integrated in building ven-
tilation systems with heat recovery.  
Around 50 % of the heating heat 
pumps sold are used for ground heat 
sources.  This is followed in second 
place by air source heat pumps, the 
sales of which continue to grow.  The 
proportion of heat pumps installed 
in new buildings (single and multi-
family buildings) was around 8 %.  
More than 90 000 heat pump heat-
ing systems are currently installed in 
Germany.  Conservatively estimated, 
these reduce CO2 emissions by about 
170 000 tonnes/year, compared to a 
modern low-temperature oil-fi red 
boiler.

Heat pump grants
Since 6 April 2005, the Ministry of 
the Environment and Transport of 
the German state of Baden-Württem-
berg has subsidised the construction 
of ground heat collectors as part of 
its ”Klimaschutz-Plus” scheme.  The 
target groups are home owners and 
the builders of detached and semi-
detached houses, as well as small and 
medium-sized enterprises.  The fund-
ing is issued in the form of a grant 
and amounts to 14 euros per meter of 
ground heat collector installed, with 

a maximum of EUR 3 500 per house.  
EUR 2 million of funding is available 
for 2005 and 2006.

What is the reason for the increas-
ing success?
Several factors are responsible for the 
growing popularity of heat pumps.  
On the one hand, new generation 
heat pumps not only produce heat 
and hot water reliably, but also, with 
an appropriate design, they can also 
ventilate and cool.  In addition to 
this, compact units are now on offer, 
in which all this is achieved by only 
one device.  Further technical devel-
opment has meant that for around 
the past three years high inlet and re-
turn temperatures can be produced, 
as are necessary for the modernisa-
tion of old buildings.  Rising oil and 
gas prices have of course also made 

home owners more sensitive to heat-
ing costs.  The uncertainty of future 
fossil fuel prices and the fact that 
with a correctly dimensioned and 
professionally installed heat pump 
heating system the heating costs can 
be virtually halved certainly also in-
fl uences purchase decisions.  

Source: Joachim Ogorek
Pressestelle Bundesverband 
WärmePumpe (BWP) e. V.
Germany
joachim.ogorek@fp-werbung.com

German heat pump market continues 
on successful course, with around 30 % 
growth rate for heat pumps in 2004
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Heat pumps on the 
increase in Austria
Austria - In 2004, an increasing 
number of developers decided on a 
modern heating system for low heat-
ing costs and reduced CO2 emis-
sions. Today, heat pumps are among 
the most environmentally friendly 
and effi cient heating technologies 
available.

Market development
Information on the development of 
the heat pump market in Austria 
from 1977 to the end of 2001 was 
compiled by the heat pump manu-
facturers and distributors active in 
Austria, in collaboration with the 
Environmental Energy Consortium 
of the Austrian Federal Economic 
Chamber. Sales statistics for 2001, 
2002 and 2003 (partly) have been sup-
plied by the members of the National 
Austrian Heat Pump Association 
(BWP), of the Austrian Federal Eco-
nomic Chamber. Market statistics for 
2003/2004 have been compiled on a 
new basis, as a result of cooperation 
between the BWP and the Austrian 
Heat Pump Promotion Association 
(LGWA). 22 fi rms from BWP-Austria 
and LGWA, which represent nearly 
100 % of the market, are accounted 
for in the statistics. The sales fi gures 
for 2003 and 2004, compiled under 
contract with the National Ministry 
for Transportation, Innovation and 
Technology, with considerable sup-
port from both BWP and LGWA, 
speak for themselves. There are 
clear indications of positive growth 
rates in the heating heat pump and 
controlled dwelling ventilation seg-
ments of the market.

Market share
Sales of heat pumps for heating have 
risen by 18.4 % to 4700 units sold 
annually. With regard to the heat 
sources utilised, the following devel-
opments are to be seen: with a share 
of 50 %, the brine/water heat pumps 
are the most popular systems in Aus-
tria, followed by direct vaporisation 
with 26 %, water/water with 14 % 
and air/water with 10 %. The largest 
growth rates in the sector were for 
air/water heat pumps, with 45.9 %, 

and for brine/water heat pumps, 
with 25.9 %.

Positive trend
Preliminary data for 2005 indicates 
a continuation of the positive trend 
for heat pumps. “The BWP goal of 
10 000 heating heat pumps in 2010 is 
already within reach,” declares Dipl. 
Ing. Karl Ochsner, Chairman of the 
National Austrian Heat Pump Asso-
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The demand for heat pumps in Austria has grown signifi cantly in the last fi ve years.

The breakdown of heat pump systems sold shows that brine/water systems are currently 
the most commonly sold systems.

ciation (BWP). The growing popular-
ity of heat pumps can be attributed 
to high quality, reliability, ease of op-
eration, environmental friendliness 
and cost-effectiveness. 

Source: Karl Ochsner, chairman of 
BWP
Tel.: +43 7434 42451-0
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Working Fluids

Finland – The carbon dioxide inter-
est group (c-dig) held a seminar in 
Uusikaupunki in Finland on 14-15th 
April. The event was hosted by the 
Finnish plate-and-shell heat exchang-
er manufacturer Vahterus. The semi-
nar was attended by approximately 
60 persons, mainly from Europe and 
from the industrial and supermarket 
refrigeration sector. During the two 
days, eight presentations were held, 
together with three plant visits.  

The visits were made to the manu-
facturing plant of Vahterus, where 
the visitors were welcomed by Mr 
M Kontu, president of Vahterus, and 
also to a fi sh plant with a refrigera-
tion system consisting of a cascade 
system with R404A and CO2. The 
third visit was to a newly built ski-
ing and walking/running track in 
Uusikaupunki, where the chairman 
of c-dig, Mr Andy Pearson, took the 
chance to try the track. The 1 km long 
track is cooled by a 400 kW indirect 
CO2 refrigeration system. The snow 
is cooled both from underneath, by 
pipes in the fl oor, and from air cool-
ers in the roof. The track is divided 
into two parts: the cold part provides 
the opportunity to ski throughout 
the year, and the other part, which is 
heated, provides a track for all-year 
roller skating.

The seminars were dominated by 
presentations from Finland. Profes-
sor Aittomaki from Tampere Uni-
versity gave an overview of the de-
velopment of CO2 as a refrigerant 
in Finland. Professor Aittomaki has 
held information seminars, intro-
ducing the CO2-technology, but so 
far progress has been slow. How-
ever, two systems have been built 
recently (the fi sh-plant system and 
the ski track), and hopefully a new 
refrigeration laboratory will be built 
and ready to use at the beginning of 
2007 in Uusikaupunki. The focus of 
the laboratory would be natural re-
frigerants and indirect refrigeration 
systems. Other presentations from 
Finland were an ice storage system 
from Tankki Oy, the ski track, and air 
coolers from Fincoil. 

The other presentations featured 
valves from Danfoss, a new ap-
proach for a defrost system by TNO, 
transcritical gas coolers from Lu-Ve, 
and experience with pumps for CO2 
by Mr Wijbenga. The defrost system 
proposed by TNO would make use 
of the fact that the adhesion force be-

C-dig meeting in Finland

tween the ice and the heat exchanger 
disappears when the surface temper-
ature goes below -80 °C. By using an 
extra defrost compressor, the evapo-
ration pressure can be decreased such 
that the temperature drops below  80 
°C and the ice releases from the sur-
face. The seminars were ended by 
a problem/solution session where 
problems such ammonia leakage 
into the CO2 circuit, problems with 
pump bearings and valve malfunc-
tions at defrost were discussed and 
possible solutions proposed.       

C-dig is an interest group for the use 
of carbon dioxide as a refrigerant. 
The aim is to enhance information 
exchange, which is done by arrang-
ing two seminars each year and by 
producing a newsletter. More infor-
mation is available at www.c-dig.
org.

Source: Heat Pump Centre
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Ongoing Annexes
Bold text indicates Operating Agent.

Annex 28

Test Procedure and seasonal 
performance calculation for residential 
heat pumps with combined space 
heating and domestic water heating

28 AT, CA, CH, DE, FR, JP, NO, SE, 
US, UK

Annex 29

Ground-Source Heat Pumps - 
Overcoming Market and Technical 
Barriers 29 AT, CA, JP, NL, NO, ES, SE, CH, 

UK, US

Annex 30

Retrofi t heat pumps for buildings 30 GE, FR

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

China to phase out 
CFCs by 2010
China – The State Environmental 
Protection Administration of China 
has announced that China will to-
tally phase out CFC production by 
2010. China has cut down produc-
tion of ozone-depleting substances 
(ODS) by 90 000 tonnes/year. A na-
tional plan for ODS curtailment has 
been worked out together with the 
Montreal Protocol Multilateral Fund. 
The fund has recently donated USD 
25.41 million to China for producing 
10 000 tonnes of CFC alternatives per 
year.  

There are also initiatives for an ear-
lier phase-out of CFCs at various 
places in China. Shenzhen City will 
ban production and use of CFCs by 
the end of 2005. The Jilin province 
has also started a CFC phase-out 
plan. With effect from May 1, 2005, 
it is forbidden in two pilot cities to 
sell or store CFC refrigerants or re-
frigerating equipment using CFCs. 
By the end of 2005, CFCs will not be 
allowed in the entire province. CFCs 
will be phased out in the city of Wen-
zhou, too, by the end of 2005. 

Source: JARN, no. 3, 2005   

New information 
service on the HPC 
web site
Information on ideas for new re-
search areas (not yet annexes) is now 
available on the Heat Pump Centre 
web site, together with contact in-
formation for the person currently 
working on the project proposal. This 
information has been added to the 
web site in order further to stimulate 
collaborative research. To fi nd the 
project proposals, visit the web site 
at www.heatpumpcentre.org, click 
on “Projects” and then on “Propos-
als”. Current proposals are:

• Compact Heat Exchangers in Heat 
Pumping Equipment 

• Tools for Performance Analysis of 
HVAC&AR Systems in Supermar-
kets 

• Replacing Direct Electric Heating 
by Air-water Distribution

• Air-conditioning Systems in Large 
Commercial Buildings 

• Heat Pumps in Low and Ultra-low 
Energy Houses 

• Heat Pumps with Combined Heat 
and Power Systems (and Distrib-
uted Energy) 

• Commissioning Tools
• Standardisation Development, 

Seasonal Energy Effi ciency of Heat 
Pumps  

IEA Heat Pump Programme
• Long-term Performance of Heat 

Pumps (Heat Pump Systems – 
Troubleshooting) 

• Heat Pump Water Heaters 

Source: Heat Pump Centre

The annual report is 
now available
The promotional Annual Report of 
the Heat Pump Programme, describ-
ing the activities of the programme 
in 2004, is now available and can 
be downloaded or ordered from the 
web site, www.heatpumpcentre.org. 

Events of interest in 2004 include the 
transfer of the Heat Pump Centre 
from Novem to SP Swedish National 
Testing and Research Institute, a na-
tional teams meeting in Borås, Swe-
den, and the publications from the 
fi nalised Annex 27 “Selected issues 
on CO2 as a working fl uid in com-
pression systems”. 

Source: Heat Pump Centre   

Heat pump news
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Introduction
Today, it seems highly probable that 
the increase in global temperatures is 
a result of human activities causing 
an increase in the concentration of 
carbon dioxide and other greenhouse 
gases in the atmosphere. Among 
these other gases recognized in the 
Kyoto protocol as being of impor-
tance, are found most of the chemi-
cal compounds used as refrigerants 
in heat pumps and refrigeration 
equipment, i.e. hydrofl uorocarbons 
(HFCs) and hydrochlorofl uorocar-
bons (HCFCs). For this reason, many 
have advocated the use of natural 
refrigerants with low global warm-
ing potential (GWP) as a means of 
reducing the contribution to global 
warming caused by gases released 
from refrigeration equipment and 
heat pumps. However, a change to 
natural refrigerants is not without its 
problems, as they are either fl amma-
ble (NH3, HC) or poisonous (NH3), 
or have a substantially different pres-
sure level than the refrigerants used 
today and thus require different sys-
tem design (CO2, H2O). 

From an environmental point of view, 
it is not only the direct effect caused 
by release of refrigerant into the at-
mosphere that should be considered. 
Equally important is the secondary 
effect, i.e. the release of carbon di-
oxide due to the generation of the 
electricity necessary for operation of 
the system. Whereas the direct effect 

This paper reports results from a project aiming at reducing the refrigerant charge in a 5 kW liquid-to-liq-
uid heat pump (heating only) to 150 g of propane. The work started by determining the fl uid inventory in 
each part of the heat pump, with the result that the main effort has been on redesigning the heat exchang-
ers using mini-channel tubes. At present, the system operates with about 200 g of propane. It should be 
possible further to decrease the charge by redesigning the condenser and by reducing the amount of pro-
pane in the compressor, either by using oils in which propane is not soluble or by using compressors with 
a low charge of oil. The resulting designs may open the way to safe use of fl ammable refrigerants with high 
energy effi ciencies, such as R152a, R32, R290 or R600a. 

Designing a heat pump for minimum 
refrigerant charge

Björn Palm, K. Andersson, P. Lundqvist, O. Samoteeva, Sweden

is measured by the global warming 
potential (GWP) of the fl uid, the to-
tal contribution to global warming 
is measured by the Total Equivalent 
Warming Impact (TEWI). For sys-
tems with low refrigerant losses, 
the indirect effect will be dominant, 
while for systems with large losses, 
the direct effect will make the largest 
contribution to global warming. In 
any case, the TEWI concept points to 
the importance of designing systems 
with high COP. Of the natural refrig-
erants, hydrocarbons and ammonia 
seem to have the potential of giving 
(at least) as high COP as the HFC and 
HCFC refrigerants. Hydrocarbons 
can be introduced with only minor 
changes to present technology. 

Baseline heat pump 

design
Regardless of the refrigerant used, 
there are incentives to seek to reduce 
the charge in the system, whether for 
safety reasons or for concern for the 
environment. 

A Government-sponsored project 
has been running for some years at 
the Royal Institute of Technology in 
Stockholm, aiming to demonstrate 
how charge minimization may be 
achieved without reduction of COP. 
The focus of the project has been on 
single-family heat pumps as they 
are normally designed for the Swed-
ish market, i.e. designed for heating 

only (i.e. not cooling), using a sec-
ondary loop for absorbing heat from 
the ground or from a lake. The heat 
pumps are connected to the hydronic 
heating system of the house and to 
a tank for domestic hot water. This 
type of system is already from the 
start quite compact, with all refriger-
ant-containing parts housed within a 
small volume. The evaporators and 
condensers used are almost exclu-
sively brazed plate heat exchangers, 
which have a quite small internal 
volume. The total refrigerant inven-
tory for heat pumps in the 4-10 kW 
(heating) range varies between 1 and 
2.5 kg HFC (R407C, R134a). 

Aim of project de-

scription of test rig
The aim of the project has been to 
design a heat pump system for a 
single family house (at least 5 kW 
heating) using less than 150 g of pro-
pane. The reason for choosing this 
level is that such a small amount is 
considered safe according to pre-
liminary European standards, and 
so the necessary safety requirements 
are therefore less demanding below 
this level. As the density of propane 
is about half of that of the HFCs, the 
target charge expressed in terms of 
volume is 1/3 to 1/8th of that of an 
ordinary compact system. In a fi rst 
phase of the project, a model heat 
pump was built in the laboratory us-
ing standard components: a hermetic 
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scroll compressor, two brazed plate 
heat exchangers and a thermostatic 
expansion valve. No receiver was 
used. All components were mounted 
to achieve as short interconnecting 
lines and as small internal volume 
as possible. Apart from the standard 
components, the system was sup-
plied with four quick-closing valves 
which could be closed simultane-
ously while the system was running. 
The purpose of these valves was to 
allow measurement of the mass of re-
frigerant in the different parts of the 
system under operation. The valves 
were placed as shown in Figure 1.

Test procedure

The tests were performed as follows. 
The operating conditions of the sys-
tem were fi xed by choosing the vol-
ume fl ow and inlet temperatures of 
the heat source fl uid (glycol solution) 
and the heat sink fl uid (water). When 
the system had been operating sta-
bly for some time, the quick-closing 
valves were closed and the compres-
sor was stopped. Each of the four 
sections was then evacuated of all re-
frigerant by connecting them one at a 
time to an empty cylinder immersed 
in liquid nitrogen. Due to the low 
temperature, all refrigerant in the 
section was condensed into the cylin-
der, which could then be disconnect-
ed and weighed. Knowing the initial 
weight, the mass of refrigerant in the 
section was thus determined. 

Baseline system

Tests were run with different total 
amount of refrigerant in the system, 
and the performance was determined 
for each charge. Figure 2a shows 
some of the results. As shown, for the 
selected set of running conditions, (t2 
= -9 °C, t1 = +40 °C), there is a specifi c 
charge for which the performance is 
the highest. For the type of systems 
studied, the evaporation temperature 
varies a few degrees over the heat-
ing season. In a commercial system, 
a small receiver should be included 
to take up the variations in optimum 
charge. However, the volume of this 
receiver is quite small. 

Fig. 1: Schematic drawings of test setup [1]

Fig. 2b shows the distribution of the 
charge. Charging the system above 
the optimum level increases the 
refrigerant mass in the condenser 
while the charges in the other parts 
remain constant. It is clear that 300 
g of propane is suffi cient to operate 

this system, built from only standard 
components. Even 250 g would be 
enough, giving slightly lower COP 
and lower heating capacity of the sys-
tem. Fig. 2b shows that the two heat 
exchangers are the parts containing 
the largest mass of refrigerant. 
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System with fl at cop-
per tube heat ex-
changers

In a fi rst effort to reduce the charge, a 
heat exchanger based on fl at copper 
tubes was tested. These mini-chan-
nelled fl at tube heat exchangers were 
made from sections consisting of 60 
parallel fl at rectangular-shaped cop-
per tubes in two rows connected at 
each end by headers. The distance 
between two tubes is 1 mm. The 
length of a tube is 0.4 m and the in-
ternal hydraulic diameter is 1.096 
mm (cross-section 0.6 x 6.3 mm2). 
The total tube area of the refrigerant 
side is 0.331 m2 and the total internal 
tube volume is only 90.7 ml. The tube 
package is enclosed in a shell with 
baffl es and the brine/water fl ows 
back and forth between the fl at tubes. 
Two packages were connected in se-
ries as a condenser and two in paral-
lel as an evaporator. Test results with 
these heat exchangers are shown in 
Fig. 3 in terms of COP1 vs. refriger-
ant charge at different evaporation 
temperatures. The dependence of the 
optimum charge on the evaporation 
temperature is quite obvious. 

Comparing the optimum charge to 
that with the plate heat exchangers 
(at an evaporation temp of -8 °C), it 
is clear that the fl at copper tube heat 
exchangers have enabled the charge 
to be reduced by about 100 g. Not 
shown is the fact that the tempera-
ture differences in both the evapo-
rator and the condenser were larger 
with the fl at tube heat exchangers. 
In an actual installation, this would 
have resulted in a considerable de-
crease in the performance.

Aluminium mul-
tichannel heat ex-
changer

Having diffi culties fi nding a suffi -
ciently compact heat exchanger on 
the market, it was decided to develop 
a new prototype based on extruded 
aluminium multi-channel tubes. A 
cross section of the tubes used in the 

Fig. 2a: COP of baseline system vs refrigerant charge [1]

Fig. 2b: Refrigerant distribution between the four sections in the baseline system [1]

Fig. 3: Variations in coeffi cient of performance (COP1) with the total amount of refrigerant 
charge in the test rig with fl at copper tube heat exchangers, at evaporation temperatures -16°C, 
-8°C, 0°C & +5°C with constant condenser cooling water outlet temperature (39-40 °C) [2]
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fi rst design is shown in Fig. 4. Two 
heat exchangers were manufactured 
from these tubes. The evaporator con-
sisted of 30 tubes, and the condenser 
of 36 tubes. The tubes were fi xed 
into a shell with 31 baffl e plates, the 
tubes forming 2 mm high channels. 
The heat pump was tested with these 
heat exchangers as described above. 
Fig. 5 shows the measured COP1s for 
different charges. The data for -2/+40 
corresponds to the evaporation/con-
densing temperatures -9/+40. The 
optimum charge is about 200 g, and 
even at 185 g the COP1 is very close 
to the maximum. 

Table 1 shows the refrigerant distribu-
tion at the charge giving the highest 
COP1. As shown, the section around 
the condenser still contains the larg-
est part of the refrigerant at the two 
lower temperatures. However, at 
higher temperatures, the compres-
sor alone contains more than 100 g of 
propane and thus accounts for most 
of the charge. The evaporator, on the 
other hand, contains only about 25 
grams of propane, which must be 
considered quite satisfactory.

Reducing the charge 
in the compressor

The reason for the large charge in the 
compressor is mainly the absorption 
of propane in the compressor oil. 
It would be possible to reduce this 
amount by using an oil in which pro-
pane is less soluble. In fact, the solu-
bility in some PAG oils is very low. 

Another way of reducing the amount 
of refrigerant in the compressor 
would be to use compressors with 
smaller internal volumes and lower 
oil charges: consider, for example, 
the types of compressors (scroll or 
swashplate) used in the automotive 
industry. Compressors of this type 
supplied with an electric motor, de-
signed for use in hybrid cars, are al-
ready on the market. It is expected 
that the oil charge in the compressor 
could be reduced to less than 20 g 
with this type.

Fig. 4: Profi le of aluminum multi-channel tube [4]

Fig. 5: COP1 vs. charge using prototype aluminum heat exchangers. Temperatures 
indicated are heat source and heat sink temperatures [4]

Table 1. Test conditions and refrigerant charge distribution with aluminum multiport heat exchangers
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Conclusions
Up to now, charge reduction has not 
been an important goal for the heat 
pump industry. With new legislation 
concerning the use of fl uids with 
high GWP, and with the introduction 
of fl ammable refrigerants, this may 
be an important factor in the future. 
This paper has shown that there is 
a considerable potential for charge 
reduction by using compact heat 
exchangers and short interconnec-
tions between the components of the 
system. It has also been shown that 
a substantial amount of refrigerant 
may be contained in the compres-
sor, mainly dissolved in the oil. This 
amount may be reduced by using 
compressors with small internal vol-
umes, small amounts of oil and/or 
by using oils which are not miscible 
with the refrigerant.
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Background
Refrigeration in all its forms, air con-
ditioning, process cooling and food 
preservation, today use somewhere 
between 15 and 20 % of the electric-
ity in the world, with the higher fi g-
ure being attributed to developed 
regions in warmer climates. For cer-
tain regions, this fi gure might be as 
high as 30 %. There is thus no doubt 
that refrigeration contributes to glo-
bal warming through the required 
driving energy and the associated 
release of carbon dioxide to the at-
mosphere.  There are also still huge 
yearly releases of refrigerants to the 
atmosphere, although signifi cant im-
provements have been made region-
ally in the last few years. Most of our 
common refrigerants, such as R404A, 
R407C or R134a, are strong climate 
gases. Within certain sectors the re-
lease of these HFCs - and in many re-
gions CFCs and HCFCs (mainly R22) 
- may be as high as 25 to 30 % of the 
installed stock on a yearly basis.  No-
table sectors with high leakage rates 
are commercial refrigeration and mo-
bile air conditioning. Other sectors, 
such as domestic refrigeration, are 
already in transition to an extensive 
use of the natural refrigerant iso-bu-
tane, while for R134a-based systems 
the contribution is rather from serv-
ice or decommissioning, i.e. related 
to fi eld practices. 

Mitigation of greenhouse gas emissions from refrigeration is a challenge for the future. In order to 
understand what is involved it is useful to divide the emissions into direct, caused by release of refrig-
erants to the atmosphere, and indirect, caused by the release of CO2 in power production plants.  The 
most important sectors are commercial refrigeration and mobile air conditioning, which together rep-
resent about 70% of the total contribution from the refrigeration sector. However, the relation between 
the direct and indirect effect varies considerably with factors such as type and quantity of refrigerant, 
leakage rates and the regional power mix. It is therefore diffi cult to generalise the characteristics of a 
certain application; for example, a supermarket. It is also important to note that minimizing charge 
and leakage does not necessarily lead to a higher energy consumption if systems are properly designed, 
which thus suggests that the direct and the indirect effects are best treated as separate issues.

Mitigation of greenhouse gases in 
refrigeration 

Per Lundqvist, Sweden

Today, the combined effect on global 
warming from the refrigeration sec-
tor of (i) the direct effect caused by 
leakage, service or poor end of life 
recovery and (ii) the indirect effect 
caused by power production based 
on coal, oil or gas is so signifi cant 
that there is an international consen-
sus that something must be done. 

Several initiatives 
are on their way
The European Commission is cur-
rently in the process of adopting the 
F-gas Directive regulating the use of 
HFC gases in various applications 
in the European Union, such as mo-
bile air conditioning. Over the last 
few years, the Intergovernmental 
Panel of Climate Change, IPCC, has 
performed several studies, and the 
latest - entitled “IPCC/TEAP Spe-
cial Report on Safeguarding the Ozone 
Layer and the Global Climate System: 
Issues related to Hydrofl uorocarbons 
and Perfl uorocarbons” - is currently 
in the publication phase1. The report 
considers replacements of ozone-
depleting substances such as CFC 
and HCFCs and their applications 
in technologies that have either al-
ready been demonstrated, or (in the 
view of the authors) have signifi cant 
market potential by 2015, and that 
could make a signifi cant contribu-
tion to global warming. The effects 

of total emissions of ozone-deplet-
ing substances and their substitutes 
(mainly HFCs) on the climate system 
and on the ozone layer are assessed. 
The aim is to show how the replace-
ment options affect global warming. 
Technical performance, potential as-
sessment methodologies and indi-
rect emissions related to energy use 
are considered, as well as costs, hu-
man health and safety, implications 
for air quality, and future availability 
issues. 

Another important recent initiative 
has been taken by the International 
Institute of Refrigeration, IIF/IIR. In 
the second part of 2005, the Institute 
will start a working party with the 
theme “Mitigation of greenhouse gases 
in refrigeration”, which is mentioned 
elsewhere in this issue. The idea 
of the working party is to present 
guidelines for a route towards more 
sustainable refrigeration and heat 
pump systems by arranging expert 
meetings, state of the art reports and 
informatory notes on special issues 
for its member all over the world.

Measures to reduce 
greenhouse gas 
emissions
There are several possible ways of 
improving the environmental per-
formance of refrigeration systems:
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• improved containment of sub-
stances (zero leakage); 

• reduced charge of substances in 
equipment and products; 

• end-of-life recovery and recycling 
or destruction of substances; 

• increased use of alternative sub-
stances with a lower or zero global 
warming potential; and 

• Not-in-kind2 technologies. 
• Signifi cantly improved energy ef-

fi ciency of systems (as a whole).

Reductions of indirect GHG emis-
sions can be achieved by improving 
the energy effi ciency of products and 
processes (and by reducing the spe-
cifi c GHG emissions of the energy 
system). In determining which tech-
nology option has the highest GHG 
emission reduction potential, both 
direct and indirect emissions have to 
be assessed. Comparison of technol-
ogy options is not a straightforward 
exercise, as signifi cant variations in 
direct and indirect emissions may 
occur even within one technological 
application. A few examples will be 
given to illustrate the point.

All the above measures must be ad-
dressed in order to harvest the full 
potential of global warming mitiga-
tion. It is thus encouraging to see the 
formulations selected for the F-gas 
Directive3 within the EU, although 
only the life cycle of the refrigerants 
is considered:  the directive does not 
address the energy usage issues.

The energy mix 
dilemma
The indirect effect is strongly de-
pendent on the energy mix in power 
production, in which there are nota-
ble regional differences.  This effect 
complicates the analysis, and it may 
also hamper the generality of results 
and conclusions. Space here does not 
allow for a lengthy discussion, but 
recommendation and default values 
for regions are given in the IPCC re-
port. 

A thorough discussion of refrigerant 
emissions, with valuable data can 
be found in an IPCC report, partly 
based on the publications by Palan-

dre et. al [1], which describes data-
bases for worldwide refrigeration 
and air conditioning systems and 
refrigerants including refrigerant 
sales, system refrigerant inventories, 
and refrigerant emissions expressed 
in units of mass and carbon dioxide-
equivalents. 

The sub-sectors are 
different
In the category of commercial refrig-
eration, supermarket refrigeration 
systems represent the major share 
of GHG emissions. Recent fi ndings 
suggest a global annualised refriger-
ant emission rate of 30 % from com-
mercial refrigeration for the systems 
inventory in 2002. This represents 
41 % of total emissions on a carbon 
dioxide equivalent basis. This data 
has partly been supported by other 
references, whereas several reports 
indicate leakage rates between 14 
and 20 % in Europe and the USA. 
The second most important category 
is mobile A/C, with a global share of 
35 %. The carbon dioxide-equivalent 
emission data for each sector can be 
found in Table 1. Since commercial 
refrigeration has the largest carbon 
dioxide-equivalent refrigerant emis-
sions of all the air conditioning and 
refrigeration sectors, studies of emis-
sion reduction for this sector are an 
important step toward lower climate 
change impact.  A more thorough 
discussion can be found in references 
[2-3]. These publications also present 
regional leakage rates for supermar-
kets. Additional data on refrigerant 
stocks and emission for the sectors 
will be published in the aforemen-
tioned IPCC report.

 Sector % Share of 
Emissions

Commercial refrigeration 41

Mobile A/C 35

Stationary A/C 13

Industrial refrigeration 6

Domestic refrigeration 4

Transport refrigeration 1

Table 1. Sector shares of refrigerant 
emissions expressed in CO2 equivalents

How to compare and 
evaluate the direct 
and indirect effect
Two measures have been suggested 
for comparing the direct and indirect 
effects from various systems: TEWI 
and LCCP. TEWI stands for “Total 
Equivalent Warming Impact”, and 
LCCP for “Life Cycle Climate Per-
formance”. The idea is to sum the di-
rect and indirect effects over a project 
lifetime as a support for decision-
making for system design, refriger-
ant choice or other measures. TEWI 
and LCCP are similar, but LCCP is 
the (slightly) wider concept, taking 
manufacturing and decommission-
ing into account as well. However, 
results from a TEWI analysis do not 
differ signifi cantly from an LCCP 
analysis.

In this paper, we suggest an “ex-
tended” TEWI analysis, taking end-
of-life recovery of the refrigerant into 
account by assigning a share of the 
end-of-life release of refrigerants to 
each year of the project lifetime. This 
assumption is justifi ed if similar sys-
tems exist with overlapping life.  The 
analysis is performed by calculating 
the direct emissions from leakage 
during operation, including servic-
ing, and from eventual decommis-
sioning and disposal of the system. 
The total mass in kg of emissions of 
each greenhouse gas component is 
converted to CO2 equivalent emis-
sions using the GWP-value4  and a 
suitable conversion factor (see, for 
example, literature by IEA or the 
IPCC). These are then added to the 
emissions of carbon dioxide arising 
from production of the necessary 
electricity for operation to give a 
TEWI value expressed as CO2 equiv-
alent emissions per year. Examples 
of analysed equipment could in-
clude refrigeration or air condition-
ing systems, although even an entire 
building could be used as the basis 
for comparison. A better (environ-
mental) performance can often be 
achieved through a combination of 
measures, with energy conservation, 
and thus signifi cantly lower cooling 
demand, being an often neglected 
option. 
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The TEWI-value is expressed in sev-
eral ways in the literature. One pos-
sible formulation is:

( )( recleakrrys GWPmTEWI 1, −+⋅⋅= ηη

Application Percentage direct emissions Characteristics and assumptions

Mobile air 
conditioning

40 – 60% Passenger car, HFC-134a, Seville

Commercial 
refrigeration

20 – 50% Direct expansion, supermarket 1000 m2, 
HFC404A, Germany

Domestic 
refrigeration

10% Standard refrigerator, HFC134a, European 
energy mix, 100 g charge, no eol recovery

Where: TEWIs,y is the total equivalent 
warming impact from system S for 
one year y (for example, a particular 
refrigeration system or a building in-
stallation), expressed as the mass of 
CO2 equivalent per year. mr is the 
refrigerant charge in kg, GWPr is 
the specifi c CO2 equivalent value for 
the refrigerant, ηleak is the leakage in 
percent /100 and  ηrec is the end of 
life recovery in percent / 100. Q2 is 
the refrigeration effect in Watt, COP2 
is the coeffi cient of performance, and 
CO2reg is the regional conversion 
factor for electricity. The term 

is easily changed 
to the yearly energy consumption in 
kWh, Eyear, if this is known.

It is important to note that a TEWI 
value calculated for one system by 
one methodology and one set of as-
sumptions, equations, procedures 
and source data, is not comparable 
with a TEWI value calculated for an-
other system using another method-
ology, and TEWI has no meaning if 
used in this way. It is therefore cru-
cial to state the assumptions made. 
If a TEWI value for the entire project 
lifetime is selected as a basis for 
comparison, it is important to note 
that a comparison between systems 
with different lifetimes may appear 
strange.

Is the trade-off be-
tween direct and in-
direct necessary?
If a measure is directed towards 
minimising the direct contribution, 
it should not result in higher energy 
consumption, and the concepts of 
TEWI and LCCP give us an opportu-
nity to express this. Different sectors 
in refrigeration are very different, 
and leakage in some sectors such as 
domestic refrigeration are practically 
non-existent except for service and 
decommissioning, whereas super-

) regCOhoursCOPQyears 2// 22 ⋅⋅+ &

hoursCOPQ �22 /�

market refrigeration and mobile air 
conditioning have been inherently 
leaky, although great improvements 
have been achieved during the last 
fi ve years in some parts of the world. 
Typical relations between direct and 
indirect effect are given in Table 2.

Table 2   Typical share of direct emissions of total greenhouse gas emissions

Figure 1. Total yearly CO2 emission for Supermarket 1, charge 600 kg HFC404A, yearly 
leakage 30%, end of life recovery 50%, COP of refrigeration machinery 2.5 and a yearly 
operation time of 75 % with a nominal capacity of 250 kW. 

Generalised data of the type given in 
Table 2 must be used carefully. The 
following sections illustrate the in-
fl uence on the results from different 
assumptions for refrigerant leakage, 
charge and regional conversion fac-
tor for a supermarket. All data given 
in the following example are realistic 
[4].
  
Figures 1 and 2 present absolute val-
ues (CO2 – eqv./year) for the com-
bined direct and indirect effect for 
two supermarket refrigeration sys-

tems in three fundamentally differ-
ent energy systems5 : an average Eu-
ropean power system (0.51 kg CO2/
kWh), Norway (0 kg CO2/kWh) and 
Denmark (0.84 kg CO2/kWh). The 
fi rst example is a very “leaky” super-
market with direct expansion (DX), 

R404A as refrigerant and no end-of-
life recovery. The second example is 
an indirect system, with lower charge 
and leakage (see the text under the 
fi gure for assumptions).

Figures 1 and 2 shows the absolute 
values of yearly TEWI for the sys-
tems. Figures 3 and 4 show the rela-
tive importance of the indirect and 
the direct contributions for the “Eu-
ropean” energy system. System 1 is 
dominated by the direct effect, and 
System 2 is dominated by the indi-
rect effect.
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Figure 2. Total yearly CO2 emission for Supermarket 2, charge 150 kg HFC404A, yearly 
leakage 15%, end of life recovery 75%, COP of refrigeration machinery 2,5 and a yearly 
operation time of 75 % with a nominal capacity of 250 kW.

It is therefore easy to be misled by the 
information in Figures 3 and 4. The en-
ergy consumption and the associated 
CO2 emissions are exactly the same in 
the two examples, and the potential for 
improvements should therefore be the 
same with respects to the energy ef-
fi ciency. Figure 1 shows that the total 
yearly emissions are three times higher 
for System 1 due to excessive leakage 
(and a big charge). The examples cho-
sen here illustrate the importance of 
the assumptions when performing a 
TEWI or LCCP analysis. Absolute val-
ues should always be used for compar-
isons/benchmarking, along with the 
ratio between direct and indirect ef-
fects. It is obvious that great care must 
be taken, and one should avoid taking 
decisions based on generalised state-
ments such as those given in Table 2.

Footnotes

1 The summary for policy makers can 
be downloaded from www.ipcc.
ch/press/spm.pdf

2 “Not-in-kind technologies” is often 
used in the literature to bundle all 
kind of technologies not yet fully 
on the market but with a potential 
to mitigate global warming through 
the use of alterative energy sources 
(solar cooling for example), or com-
pletely different cycles such as the 
Stirling cycle. This category may 
also include information on free 
cooling using ground or sea water, 
although these technologies are 
commercial today.

3 http://europa.eu.int/scadplus/leg/
en/lvb/l28138.htm

4 A list of updated GWP values will 
be available in the forthcoming 
IPCC report.

5 These fi gures are changing from 
year to year, and are also dependant 
on system boundary selections. The 
purpose here is merely to illustrate 
the principles, rather than to report 
on the current status of electric pow-
er production.
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Lower charge heat pump systems can reduce the direct contribution to global warming as measured 
by the Total Equivalent Warming Impact (TEWI) as well as to mitigate fl ammability risks associated 
with hydrocarbon (HC) refrigerants. The DOE/ORNL Heat Pump Model was used to optimize a 
residential heat pump with several working fl uids (replacements to HCFC-22) and conventional fi n-
tube heat exchangers [1]. The study found that the required refrigerant charge for optimal heat pump 
designs with HCFC-22 replacements can be somewhat lower than for the baseline heat pump system. 
Microchannel heat exchangers have the potential for even more signifi cant reductions that can sig-
nifi cantly reduce the TEWI of HFCs and possibly make fl ammable refrigerants more acceptable in 
residential equipment. 

Potential for lower refrigerant charge in con-
ventional and advanced heat pump systems 

Keith Rice, John Tomlinson, USA

Findings for conven-
tional and advanced 
heat pumps 
Most of the U.S. domestic heat pump 
market is based around split system, 
air-to-air heat pumps. This type of 
heat pump has an indoor unit com-
prised of a fan, air-to-refrigerant heat 
exchanger (HX), backup electric re-
sistance heaters and controls, and an 
outdoor unit comprised of the com-
pressor, outdoor heat exchanger and 
reversing valve. Both heat exchang-
ers are typically of round-tube-and-
fi n (RTF) construction using round 
expanded copper tubes and alumini-
um fi ns. A line set (suction and liquid 
lines) that is fi eld-installed at the time 
of initial heat pump installation, con-
nects the outdoor and indoor units. 
The two heat exchangers in the heat 
pump in addition to the liquid line 
between the two account for 90% of 
the total refrigerant charge. 

Microchannel heat exchangers (MC) 
are typically fl at, multiport alumi-
num tubes that are made by extru-
sion processes and fi nned together to 
form an effective, refrigerant-to-air 
heat exchanger. These tubes can have 
a number of ports (parallel passages) 
per circuit and a range of port sizes. 
The result is that the internal volume 
of such heat exchangers is about 30 
to 50% less than with RTF HXs while 
the refrigerant-side areas are larger 
by a factor of 5 or more [2a, 2b]. (The 
air-side resistance of the MC HX is 
also reduced due to the fl attened 
tubes.) While the number of circuits 
and tube sizes is rather limited for 
conventional HXs, microchannel 
HXs have an added degree of free-
dom in balancing heat exchanger 
and pressure drop considerations. 
As such, MC HXs have more poten-
tial for reducing refrigerant charge 
while maintaining an optimal bal-
ance of refrigerant-side heat transfer 
and pressure drop [2a]. 

However, even with the limitations 
on tube sizes and number of cir-
cuits, heat pump systems with con-
ventional RTF heat exchangers can 
be optimized for lower operating 
charge depending on the refrigerant 
used. This fi nding was revealed in 
an analysis of air-to-air heat pumps 
using the DOE/ORNL Heat Pump 
Design Model in which the perform-
ance of a 9.4-kW cooling heat pump 
operating with several refrigerants 
was studied. In this work, HCFC-22 
was compared to three non-chlorine-
containing alternatives: HFC-134a, 
R-410A and R-290 (propane) with 
each system optimized for perform-
ance. Design conditions for this opti-
mization were considered to be at the 
DOE test point for high temperature 
cooling condition shown in col. 5 of 
Table 1. Off-design conditions con-
sidered were for the low-tempera-
ture cooling (col. 4) and high- and 
low-temperature heating test points 
(col. 3 and col 2.) of Table 1.

Rating conditions Heating mode Cooling Mode

Low temp DB/WB*, °C High temp DB/WB*, °C Low temp DB/WB*, °C High temp DB/WB*, °C

Outdoor coil -8.3/-9.4 8.3/6.1 27.8 35

Indoor coil 21.1 21.1 26.7/19.4 26.7/19.4

 Table 1. Basic Steady-State Rating Conditions for Air-to-Air Heat Pumps 

*WB given for evaporating cases only
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Under these conditions and for the 
refrigerants noted, the outdoor and 
indoor coil tube sizes and numbers 
of circuits were optimized for the 
best balance of heating and cooling 
performance for the case of smooth 
tubes on both coils. Condenser sub-
cooling (directly affected by charge 
among other parameters) was opti-
mized at each of the design and off-
design conditions given in Table 1. 
The total heat exchanger fi nned area,  
tube spacings, and fan power were 
held constant for all of the heat pump 
cases at the values of the original 
baseline confi guration. The optimal 
tube o.d. sizes, numbers of circuits, 
and required refrigerant charge lev-
els for expanded tubes that were de-
termined are shown in Table 2.

For HCFC-22, the original design is 
given fi rst (with the model predict-
ed conditions and pressure drops 
calibrated to actual system perform-
ance) and is seen to compare closely 
with the optimal design listed sec-
ond. For HFC-134a, slightly more 
circuits were needed in the indoor 
coil. A 6% reduction in charge was 
predicted with R-134a (the suction 
line had to be increased by one tube 
size to avoid excessive pressure 
drop). As shown, the tube sizes for 
HFC-410A and HC-290 were smaller 
resulting in a charge reduction of 
21-35% in the case of the former and 
68% in the case of the latter. For the 
fl ammable refrigerant (propane), ad-
ditional measures were taken to see 
how low the charge could be taken. 
To accomplish this, all line sizes and 
subcooling levels were reduced and 
the accumulator was eliminated. A 
lower level of 0.67 kg (0.071 kg/kW) 
was realized, giving an 80% reduc-
tion from the optimum R-22 charge. 

Smaller refrigerant tubes have the 
added benefi ts of reduced copper re-
quirements and increased strength. 
With copper prices trending ever 
higher and the residential and light 
commercial HVAC industry tran-
sitioning to R-410A, a move to the 
smallest possible tube sizes is to be 
expected. An added advantage for 
heat pumps in moving to the smallest 

All units have 9.4 kW design cooling capacity
1Original 10.5 SEER HCFC-22 split system
2Tube o.d.’s are nominal before expansion
3Suction lines increased from 19 to 22 mm
4No accumulator, smaller connecting tubes, reduced subcooling

Table 2. Heat Exchanger Confi gurations and Charge Requirements for Refrigerant-side 
Optimized Heat Pump Designs (predicted from the DOE/ORNL Heat Pump Design Model)

Refrigerant
Indoor coil Outdoor coil

Refrigerant 
charge (kg)Tube o.d.2 

(mm)
No. of parallel 

circuits
Tube o.d.2 

(mm)
No. of parallel 

circuits

HCFC-221 7.9 6 9.5 3 3.5

HCFC-22 7.9 5 9.5 3 3.4

HFC-134a3 7.9 6 9.5 3 3.1

HFC-410A 6.4 5
7.9
6.4

3
4

2.7
2.2

HC-290 
(propane)

6.4 6
7.9
6.4

4
5

1.1
0.674

possible tube size in the outdoor coil 
is that this reduces the excess charge 
that needs to be dealt with in the 
heating mode, when the indoor coil 
must store the refrigerant previously 
held in the outdoor coil. It should 
also be noted that an AC-only design 
can be designed for higher pressure 
drop in the condenser, which sug-
gests that an even smaller tube size 
with slightly higher circuits would 
also be possible for the outdoor coil 
for R-410A and propane, reducing 
charge even further. 

A similar optimization analysis for 
conventional tubes with rifl ed or 
grooved surfaces would be expected 
to show similar relative charge re-
sults, while the numbers of circuits 
may need to be increased to accom-
modate the higher pressure drop of 
such enhanced surfaces.

The quantity of refrigerant required 
per unit capacity is of interest in as-
sessing the risk of propane designs in 
residential-size heat pump applica-
tions. Grob [3] showed sample fl am-
mability calculations which indicat-
ed that levels less than 0.051 kg/kW 
would be needed before propane 
might be considered non-fl ammable 
in certain scenarios. From the above 
analysis for residential heat pump 
equipment, the charge requirements 
of conventional fi n tube heat ex-

changers can start to approach this 
level for propane and other hydro-
carbons; however new design ap-
proaches based on microchannel or 
other low refrigerant volume heat 
exchangers will be needed to drop 
below this level in conventional va-
por compression equipment. 

From recent testing in prototype 
rooftop AC units, it was reported by 
TIAX [4] that the R-410A refriger-
ant charge requirement was reduced 
40% using a microchannel condens-
er, with 50% reductions estimated 
previously by TIAX [5] if both heat 
exchangers were microchannel. Ap-
plying similar results to the above 
residential case would yield a pos-
sible propane level of 0.043 kg/kW 
with a microchannel condenser and 
0.036 kg/kW if both heat exchangers 
were replaced with microchannel. 
Previously Goslovich and Bullard 
[6] showed that the charge per unit 
delivered capacity for a refrigerator 
was reduced by 42% when using mi-
crochannel HXs for both coils.

Microchannel heat exchangers are 
the subject of active investigation in 
the U.S. in reaching higher perform-
ance levels with the same or smaller 
cabinet sizes. Charge reduction is 
one added benefi t of this technology 
in achieving higher performance lev-
els while also reducing the refriger-
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ant charge requirement/cost. As the 
cost of copper relative to aluminium 
increases and manufacturing costs of 
such heat exchangers are reduced, 
the economics of microchannel heat 
exchangers should become more 
competitive. 

It has been noted by TIAX [5,7] that 
the recommended “next steps” in 
technology development for micro-
channel HXs are:

1) development of publicly-available 
performance prediction tools,

2) cost reduction of microchannel 
HX fabrication, and

3) development of fabrication tech-
niques allowing greater design 
fl exibility

Additions to the DOE/ORNL Heat 
Pump Design Model [8] and/or oth-
er publicly available vapor compres-
sion design models are recommend-
ed to allow further evaluation of mi-
crochannel heat exchangers and their 
impact on heat pump performance 
and charge reduction with HFCs and 
hydrocarbon alternatives. Recent re-
search by Jacobi et al [9] has provid-
ed a good basis for the development 
of such performance prediction tools 
for microchannel heat exchangers.

Conclusions
Conventional fi n-tube heat exchang-
ers can be optimized for performance 
with new HFC or HC refrigerants 
while minimizing refrigerant charge. 
An analysis of the performance of re-
frigerants HFC-410A and HC-290 as 
alternatives to HCFC-22 in a residen-
tial heat pump with smooth tubes 
showed that the optimal refrigerant 
charge could be 21 to 80% less than 
for the baseline HCFC-22 system. Mi-
crochannel heat exchangers have the 
potential reduce the optimal charge 
by another 40 to 50%. Efforts to ex-
tend publicly-available heat pump 
design models to include microchan-
nel analysis capability are recom-
mended based on the need to reduce 
the TEWI of HFCs and the degree of 
risk for fl ammable refrigerants while 
increasing equipment performance 
levels.
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This paper describes the past, present and future perspectives of heat pump 
technology in Romania. It also emphasises the important development possi-
bilities of heat pump technology in connection with Romania’s EU accession.

Heat pumps in Romania – a general overview 
Robert Gavriliuc, Romania

Introduction 
It is well known that heat pumps can 
contribute to substantial fossil fuels 
savings and thus to the protection of 
the environment. These reasons are 
even more important for a develop-
ing country such as Romania, which 
does not possess signifi cant fossil 
fuels energy sources and which is in 
a process of fundamental economi-
cal change towards a market-orien-
tated economy. The need to build up 
a competitive economy involves the 
acquisition of competitive technolo-
gies, all of which are based on low 
energy consumption. Statistics show 
that energy consumption per product 
unit is 3 to 4 times higher in Romania 
than in the developed countries. This 
high energy consumption leads to 
high production costs and, ultimate-
ly, to low living standards. 

Economic and politi-
cal background, cli-
mate information
For about three decades, Romania 
followed a process of forced devel-
opment, with its benefi ts and short-
comings. Many industrial sites have 
been built and, together with them, 
cities developed and grew up. To 
provide energy both for industry 
and for dwellings, many power sta-
tions were built, almost always of 
the co-generation type.  Hot water 
is used as heat transfer media in dis-
trict heating systems. 

The Romanian climate has strong 
continental features, with severe 
winters when the temperature may 
drop to -20 °C or even -25 °C, and 
with hot and dry summers, when 
the temperature may rise to +35°C 
or even +40°C. The main problems 
occurred in winter time, when the 
district heating or other heat sup-
ply systems for homes or important 
civil facilities (such as hospitals) was 
unable to meet the heat load of the 
buildings and to ensure proper in-
door conditions for the inhabitants. 
The situation became quite dramatic 
at times, with indoor temperatures 
falling to 12 °C, or sometimes even 
lower, depending on the thermal 
standards of the buildings.

However, the periods of time with 
favourable outdoor temperatures 
that allow the use of heat pumps 
are considerable, so that heat pump 
technology is very attractive.

Past history of heat 
pump technology in 
Romania    
In the 1970s, the Tehnofrig Com-
pany in Cluj-Napoca manufactured 
a range of large compression heat 
pumps working with R12, but the 
company was re-structured due to 
the economic changes and it aban-
doned the production of such equip-
ment. The compressors of these heat 
pumps were manufactured under 
licence from the ex-German Demo-
cratic Republic.

In Romania, ammonia is the most 
widely used refrigerant in the chemi-
cal and food industries. Ammonia/
water absorption machines were fi rst 
built in 1955, reaching a present in-
stalled refrigeration capacity of over 
100 MW. The chemical industry had 
imported several Borsig and Linde 
systems from Germany, and others 
from Poland. As experience was ac-
cumulated in the fi eld, ammonia/
water absorption systems of this 
type began to be built entirely in Ro-
mania. Starting in 1975, the  Refrig-
eration Research team from the T.U. 
of Civil Engineering, Bucharest, un-
der the supervision of Prof. Dr. Eng. 
Florea Chiriac, has investigated and 
built several types of refrigeration 
machines and heat pumps based on 

Non-topical article
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ammonia absorption in an ammo-
nia/water solution. These machines 
have been mainly of the resorption 
type, in order to reduce the high 
pressure in the system.
Some examples of such ammonia/
water absorption-based heat pumps 
are:
• The absorption - resorption heat 

pump from “Danubiana” Tires 
Company, Bucharest;

• The compression - re-sorption heat 
pump from “Faur” Company, Bu-
charest;

• The compression – re-sorption heat 
pump from the student campus of 
the T.U. of Civil Engineering, Bu-
charest;

• The heat transformer from Sânni-
colaul Mare.

The absorption-re-sorption heat pump 
from “Danubiana” Tires Company Bu-
charest is characterised by the follow-
ing technical features:
• thermal capacity:  5 MW;
• thermal capacity of the vapour 

generator:  3 MW;
• COP:  2.33 (including the water 

cooling effect in the desorber)
• heat source:  industrial cooling wa-

ter, cooled in the desorber from 25 
°C down to 20°C:

• drive energy:  low pressure steam:
• heated water:  147 m3/h fl ow rate, 

from an inlet temperature of 35 °C 
to an outlet temperature of 70 °C, 
the heat being collected in the re-
sorber, refl ux condenser and ab-
sorber;

• equipment:  vertical fi lm vapour 
generator, provided with rectifi ca-
tion column;  horizontal fi lm ab-
sorber and resorber.

Another project that fi nally came to 
life dealt with a compression-re-sorp-
tion heat pump from “Faur” Company, 
Bucharest, to produce domestic hot 
water for 8000 apartments. The most 
important technical features of this 
heat pump are as follows:
• overall thermal capacity:  8700 kW, 

out of which 5800 kW are produced 
by the heat pump itself, and 2900 
kW by the direct recovery heat ex-
changer;

• electric power input:  1730 kW 

(compressors - 1620 kW, pumps - 
110 kW);

• COP ≈ 3 (considering only the heat-
ing power)

• heat source:  30–50 °C cooling wa-
ter from an air compressor station 
located in a factory;

• water fl ow rate:  1300 m3/h at an 
average temperature of 30-35 °C 
(800 m3/h are used to heat up the 
evaporator, while 500 m3/h pass 
through a heat exchanger with di-
rect recovery);

• secondary water circuit:  125 m3/h 
fl ow rate, heated from 10 °C to 30 
°C in the recovery heat exchanger, 
and then up to 70 °C in the heat 
exchanger that takes the heat from 
the resorber;

• equipment:  horizontal cylinder re-
ciprocating dry compressor, 1000 
m3 storage tank.

The compression – re-sorption heat pump 
from the student campus of the T.U. of 
Civil Engineering, Bucharest uses the 
return circuit of the district heating 
system as its heat source. Its main 
technical features are:
• thermal capacity:  600 kW;
• secondary water circuit:  inlet tem-

perature 40 °C, outlet temperature 
70 – 80 °C;

• COP varies between 3 and 3.5. 

The Sânnicolaul Mare heat transformer 
(near Oradea, in the western part 
of Romania) uses geothermal water 
as its heat source, and has been de-
signed to function in a very fl exible 
confi guration:
• single stage absorption – when the 

temperature of the geothermal wa-
ter reaches 120 °C;

• double stage absorption - when the 
temperature of the geothermal wa-
ter below 100 °C;

• compression-absorption system, 
by introducing a booster compres-
sor in front of the absorption ma-
chine when the outdoor tempera-
ture drops below +10 °C. 

Some technical data for this heat 
transformer are:

• design temperature of the geother-
mal water:  40-50 °C and a heat in-
put of 630 kW;

• heating capacity 320 kW, with the 
temperature of the delivered hot 
water in the range of 60-80 °C (the 
heat transformer was designed es-
pecially for a radiator heating sys-
tem);

• low temperature heat capacity 310 
kW, with the brine temperature in 
the range 0-10 °C (ice production 
also possible for high temperature 
geothermal water input); COP≈0.5

Analysis of the technical and eco-
nomical information for these heat 
pumps provides the following con-
clusions:
• Although the initial idea was good, 

there was only a few research 
projects performed at small scale, 
and the projects were directly im-
plemented at megawatt scale.

• The equipment was old-fashioned 
(no imports were allowed at the 
time), with large metal consump-
tion and low energy effi ciency, as 
for example: reciprocating and 
lubricated compressors, shell and 
tube heat exchangers.

• The projects were meant to ful-
fi l political objectives, rather than 
complying with technical and eco-
nomical requirements.
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Non-topical article

The present situation 
for heat pump tech-
nology in Romania    
Nowadays, heat pump technology 
in Romania is not suffi ciently widely 
spread to meet the social and eco-
nomic demand. The fi rst obstacle is 
the poor knowledge of heat pump 
technology, and the mistrust of peo-
ple to new (and risky, they say!) tech-
nical solutions.
However, many companies have 
started to promote heat pumps. 
These companies are involved in the 
delivery of either heating equipment 
or refrigeration and air conditioning 
equipment, or they have specialised 
simply in heat pump equipment.  
Among them can be mentioned the 
GEOEXCHANGE SOCIETY Bucha-
rest. The company holds agencies for 
Trane and Water Furnace equipment, 
and has supplied several large heat 
pumps abstracting heat from under-
ground water. Their reference list 
comprises:
• 32 water/water and water/air 

heat pumps for the MIDOCAR 
(Volkswagen and Audi dealer) 
showroom in Bucharest, supply-
ing the (underfl oor) heating and 
cooling needs for 4000 m2 of of-
fi ces and workshops. The overall 
installed capacity is 390 kW, with 
an underground water storage 
capacity of 350 m³. Running and 
maintenance costs for this facility 
are in the range 4.5 – 7 Euro/(m², 
year), on the basis of an increase in 
electricity costs from 50 to 100 Euro 
/ MWh in the years before Roma-
nia’s accession to the EU.

• The Avia Motors (Skoda dealer) 
showroom in Bucharest has a fl oor 
area of over 3000 m2, very similar 
to the Midocar showroom. The 
overall heat pump capacity is 270 
kW, and the groundwater storage 
tank has a volume of 400 m³.  There 
are a total number of six water/
water heat pumps, and another six 
water/air heat pumps, installed in 
two heat pump stations.

Another Romanian company very 
much involved in heat pump dis-
tribution and installation is the Ost-
West Company Timisoara, represent-

ing the Austrian Ochsner company. 
It has sold over 13 reversible heat 
pump systems, with heating capaci-
ties between 2.4 and 17 kW, and with 
various heat sources (groundwater, 
ground-coupled systems).

The Viessman Romania company 
has advertised its own products by 
installing a water/water compres-
sion heat pump system at its head-
quarters in Brasov, with a thermal 
capacity of 36 kW and  a drive power 
input of 9.8 kW. The heat source is 
groundwater, with a fl ow rate of 1 
l/s and a temperature difference of 
about 8 K. The nominal temperature 
of the heating system is 35 °C, with 
a maximum temperature of 55 °C. 
The company has also exported fi ve 
other 26 kW heat pumps to Bulgaria, 
most of them being of the ground-
coupled type. 

The Alfabit company in Bu charest 
specialises in sustainable energy 
technologies: wind, solar and heat 
pumps. The company has several 
projects in progress, using either 
underground water (as the one in 
Otopeni, near Bucharest), or surface 
water (as the one in Giurgiu by the 
Danube, and in th e Danube delta).

Future perspectives 
and strategies 
Analysis of information on the heat 
pump development in Romania 
shows that the past belonged main-
ly to the large ammonia/water ab-
sorption systems coupled with high 
temperature heating systems (classic 
radiators), while the present is char-
acterised by smaller (but fl exible) 
and reversible compression systems, 
connected to low-temperature heat-
ing systems. The opening of the Ro-
manian market to western products 
has been benefi cial for the growth of 
business in the heat pump sector.

The present conditions in Romania 
allow even bigger growth, consid-
ering the permanent rise in energy 
costs and the awareness of potential 
clients of the benefi ts that heat pumps 
can bring. An event that is positive 
for heat pumps are that the Geologi-

cal Institute of the Romanian Acad-
emy of Sciences and the Romanian 
Hydrogeologists’ Association have 
investigated Romania’s geological 
and hydrogeological potential. Fur-
ther is that heat pump technology is 
being taught in technical universi-
ties, so that graduates can apply the 
knowledge in their future projects 
and spread it among potential users 
in Romania.

The marketing and training aspects 
should be awarded special attention, 
by adopting the following measures:
• Identifi cation of Romanian poten-

tial customers for heat pump tech-
nology;

• Installation of pilot heat pumps to 
prove the validity of heat pump 
technology to the Romanian au-
thor ents.

• The training of specialists for eval-
uation of local heat sources and for 
implementation of various heat 
pump systems. 
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Books & Software

Small HVAC system design guide

The California Energy Commission 
has developed this guide to help 
engineers, designers and contrac-
tors design small packaged rooftop 
systems for commercial building ap-
plications that reduce energy use by 
25-35 %. The guide covers building 
design practices to minimise HVAC 
loads, unit selection and sizing, dis-
tribution and control system design, 
commissioning, and operation and 
maintenance.

The guide can be ordered from http://
www.energy.ca.gov/reports/2003-11-
17_500-03-082_A-12.PDF

Indirect refrigeration systems

The Institute for Energy and Process 
Engineering at Tampere University 
of Technology in Finland has devel-

oped a handbook for designing indi-
rect brine refrigeration systems. The 
handbook deals with corrosion, pipe 
dimensions, different brines and con-
trols etc. 

Solar-assisted air conditioning

The possibilities of using the sun as 
a source for air conditioning have 
been investigated by the IEA Solar 
Heating and Cooling implementing 
agreement. Some of the work has 
been devoted to defi ning perform-
ance criteria of solar-assisted cooling 
systems – both energy and economic 
performance. This work is detailed 
in the book ‘Solar assisted air-condi-
tioning in buildings – a handbook for 
planners’.
The book is edited by Hans Martin 
Henning, ISE, Freiburg.

The book can be ordered at www.spring-
er.at

2004 ASHRAE handbook – HVAC 
systems & equipments

This handbook describes the equip-
ment and components or assemblies 
that perform a particular function, ei-
ther individually or in combination. 
The information helps system de-
signers select and operate HVAC&R 
equipment. Chapters cover system 
selection and analysis, air distribu-
tion, panel heating and cooling, co-
generation, heat pumps and heat 
recovery, steam, district heating and 
cooling, hydronic heating and cool-
ing and infrared radiant heating. 

The handbook is available both in printed 
format and as a CD, and can be ordered 
at www.ashrae.org
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Events

In the next Issue
Global Advances in 
Heat Pump Technology, 
Applications and 
Markets  

Volume 23 - No. 3/2005

2005
6th Workshop on Ice Slurries

15 – 17 June, 2005
Yverdon-les-Bains, Switzerland
Contact: Michael Kauffeld
Fax: +49 721 925 1915
Tel: +49 721 925 1843
E-mail: michael.kauffeld@fh-karlsruhe.
de
http://iir.eivd.ch

International Sorption Heat Pump 

Conference

22 – 24 June, 2005
Broomfi eld, Colorado, USA
Contact: Mrs. Lori C. Puente
University of Maryland
Tel: (301) 405 5439
Fax: (301) 405 2025
E-mail: lpuente@umd.edu
www.enme.umd.edu/ceee/ishpc

5th International Conference on 

Compressors and Refrigeration

19 – 22 July
Dalian, China
Contact: Xueyuan Peng
School of Energy and Power 
Engineering
Xi’an Jiaotong University
Tel: +86 29 8266 3785
Fax: +86 29 8266 8724
E-mail: xypeng@mail.xjtu.edu.cn

ASHRAE Annual Meeting

25 – 29 June, 2005
Denver, Colorado, USA
www.ashrae.org

Commercial Refrigeration 

30 - 31 August 2005 
Vicenza (Padua), Italy 
Contact: Alberto Cavallini
Fax: +390 49 827 6896
Tel: +390 49 827 6890
E-mail: alcav@unipd.it

Thermophysical Properties 

and Transfer Processes of New 

Refrigerants 

31 August – 2 September 2005
Vicenza (Padua), Italy 
Contact: Alberto Cavallini
Fax: +390 49 827 6896
Tel: +390 49 827 6890
E-mail: alcav@unipd.it

International Conference on 

Compressors and their Systems

4 – 7 September, 2005
London, United Kingdom
Contact: Madeline Willis
Institution of Mechanical Engineers
Tel: +44 (0)20 7973 1260

Fax: +44 (0)20 7222 9881
E-mail: m_willis@imeche.org.uk
www.imeche.org.uk

Heat Transfer and Fluid Flow in 

Microscale

25 – 30 September, 2005
Castelvecchio Pascoli, Tuscany, Italy
http://www.engconfi ntl.org/5ah.html

The 2005 World Sustainable Building 

Conference, SB05 Tokyo

27 – 29 September, 2005
Tokyo, Japan
Conference Secretariat of SB05 Tokyo
c/o Institute of International 
Harmonization for Building (iibh)
#30 Mori Building 3-2-2, Toranomon, 
Minato-ku, Tokyo, 105-0001 Japan
E-mail: info@sb05.com
http://www.sb05.com

Clima 2005

9- 12 October 2005
Lausanne, Switzerland
Tel: +41 (0)31 852 13 00  
Fax  +41 (0)31 852 13 01
E-mail: info@swki.ch
http://www.clima2005.ch/

3 Forum Wärmepumpe

13- 14 October 2005
Berlin, Germany
Contact: Tina Barosso
Tel: +49 (0)30 726 296 301  
Fax  +49 (0)30 726 296 309
E-mail: forum@solarpraxis.de
http://www.solarpraxis.de

2006
ASHRAE Winter Meeting

21 – 25 January, 2006
E-mail: jyoung@ashrae.org
http://www.ashrae.org

ACREX 2006 International Exposition 

on Building Services

22 – 25 January, 2006
New Delhi, India
ACREX Secretariat
K-43, Basement, Kailash Colony
New Delhi- 110048
India
Tel: +91 11 516 356 55
Fax: +91 11 264 249 25
E-mail: acrex@touchtelindia.net
www.acrex.org.in

5th International Conference on Cold 

Climate Heating, Ventilation and Air-

Conditioning

21 – 24 May, 2006
Moscow, Russia
Contact: Andrey Golovin

Tel: +7 095 921 6031
E-mail: golovin@abok.ru
http://www.abok.ru/CC2006

Natural Working Fluids 2006: 7th IIR-

Gustav Lorentzen Conference

29 – 31 May, 2006
Trondheim, Norway
Contact: Trygve Eikevik
SINTEF Energy Research
Tel: +47 7359 3750
Fax: +47 7359 3950
E-mail: Trygve.M.Eikevik@sintef.no
http://www.energy.sintef.no/arr/GL2006/

18th International Compressor 

Engineering Conference and 11th 

International Refrigeration and Air 

Conditioning Conference at Purdue

17 – 20 July, 2006
Purdue University, West Lafayette, USA
Contact: Virginia Freeman
Tel: +1 765 494 6078
Fax: +1 765 494 0787
E-mail: herlconf@ecn.purdue.edu

6th International Conference 

on Compressors and Coolants 

– Compressors 2006

27 – 29 September, 2006
Casta Papiernicka, Slovak Republic
Contact: Peter Tomlein
Tel: +421 2 4564 6971
Fax: +421 2 4564 6971
E-mail: zvazchkt@isternet.sk
http://www.isternet.sk/szchkt/

2007
22nd IIR International Congress of

Refrigeration

21 – 26 August 2007 
Beijing, China
http://www.iifi ir.org

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

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 

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.

SPAIN

Ms Marta Garcia
ENEBC
Po General Martinez Campos, 11 1o
28010 - Madrid
Tel.: +34 914445904
E-mail: enebc@enebc.org

SWEDEN

Dr Maria Hall
The Energy Technology Department
Swedish Energy Agency
PO Box 310
631 04 Eskilstuna
Tel.: +46 16 544 2174
E-mail: maria.hall@stem.se

Dr Björn Sellberg (Alternate)
FORMAS
PO Box 1206
111 82 Stockholm
Tel.: +46 8 775 4028
E-mail: bjorn.sellberg@formas.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 


