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15 July 1999

SUBMISSION BY FINLAND ON BEHALF OF THE EUROPEAN COMMUNITY AND
ITS MEMBER STATES OF INFORMATION ON AVAILABLE AND POTENTIAL
WAYS AND MEANS OF LIMITING HFC, PFC AND SF6 EMISSIONS

I Introduction

Hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF6)
are used in a wide variety of applications ranging from aerosol cans to industrial
refrigeration and electrical systems which may contain thousands of kilograms of these
substances. The paper at hand describes the uses and emission sources of these gases
within the European Union, and briefly discusses some of the options available for
limiting emissions from these sources. The projected emission figures for 2010 quoted
in section 2 are based on a "business-as-usual" scenario assuming the current level of
regulation in the EU. The forecast also includes assumptions - which, as well as the
uncertainties related to forecasts in general, should be kept in mind when reading the
paper - regarding practice improvements and considerably decreased leakage as a result
of "increased awareness" among fluorocarbon users (cf. March 1998).

II Description of the source categories
There are several source categories in the EU where HFCs and PFCs are currently used
or anticipated to be used in the near future: refrigeration and air conditioning
equipment, foam blowing, aerosols, solvents and fire extinguishers. HFCs are also
emitted from plants manufacturing these gases and as a by-product from HCFC-22
manufacture (HFC-23). PFCs (as well as HFC-23 and SF6) are also emitted from the
manufacture of semiconductors. SF6 is emitted from magnesium casting processes, gas
insulated switchgear (GIS) and circuit breakers, as well as from SF6 containing car tyres
and insulated windows. Currently, the majority of HFC emissions originate from
HCFC-22 manufacture, refrigeration and air conditioning systems, and the use of
aerosols. Majority of PFC emissions originate from primary aluminium production.

Refrigeration and Air Conditioning Equipment

HFCs are used as refrigerants in replacing ozone depleting substances (CFCs and
HCFCs) in domestic, commercial and industrial refrigeration applications. Also
included in this source category are transport refrigeration, commercial and residential
air conditioning, heat pumps and mobile air conditioning systems. The physical and
thermodynamical properties of a refrigerant have an important influence on the
performance of a refrigeration or air conditioning system. HFC-134a is widely used to
replace CFCs in existing systems and in new refrigeration systems partly because,
thermodynamically, it resembles CFC-12, traditionally one of the most extensively
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used refrigerant. For certain applications, where other refrigerants such as CFC-502 or
HCFC-22 have been used, HFC-mixtures, such as HFC-404A (a mixture of HFC-125,
134a and 143a), provide superior performance compared to HFC-134a and are
increasingly being used to optimise performance, although they have higher GWPs
than HFC-134a. New designs of refrigeration equipment may trigger a shift from some
currently used mixtures to others.

Overall, the use of PFCs usually as a mixture is limited to a small number of refrigerant
applications such as low-temperature refrigeration and as an easy-to-use "drop-in
replacement" for certain existing CFC equipment. In some Member States the latter
use is growing rapidly.

Considerable amounts of CFCs and HCFCs were still used in EU in 1995, implying a
relatively low level of HFC emissions from refrigeration and air conditioning
equipment. However, in 1995, refrigeration and air conditioning sector was the second
largest emitter of HFCs within EU, accounting for approximately 10% of the total HFC
emissions of 40.7 million tonnes CO2 equivalent. A six-fold increase in emissions from
refrigeration and air conditioning is anticipated by 2010, assuming the current level of
regulation and even taking into account the increased awareness in the industry (March
1998). This is mainly due to the phase-out of ozone depleting substances and an
increasing use of mobile air conditioning systems.

Foam Blowing

HFCs are mainly used or anticipated to be used in manufacturing closed cell foams for
insulation purposes. Many of the manufacturers making polyurethane (PU),
polyisocyanurate (PIR), polyethylene (PE), and extruded polystyrene (XPS) foams
currently use HCFC based technologies. Revision of the current EU regulation 3093/94
on substances that deplete the ozone layer, however, is putting greater pressures on the
foam industry to find alternative blowing agents for HCFCs. HFC emissions from
foam blowing were estimated to be zero in 1995, but expected to rise to a level well
over 10 million tonnes of CO2 equivalent by 2010 (March 1998). Because a proportion
of HFC used for blowing remains trapped inside the foam the anticipated use in 2010
should be much greater than the estimated emission for that year (which consists of
emissions from the manufacture as well as emissions from already installed foams).

Aerosols/Metered Dose Inhalers

HFC-134a and HFC-227ea have been approved as propellants for metered-dose
inhalers (MDIs) used to treat respiratory diseases such as asthma (UNEP 1998).
Furthermore, HFCs (mainly HFC-134a, to a smaller degree HFC-152a) are used as
propellants for one component polyurethane foam cans, which are used by craftsmen
and other consumers. In this application, the HFC does not serve as a blowing agent or
thermal insulant. Instead, the HFC is used as a propellent to dispense the foam from
the can. Most of the propellant HFC is lost to the atmosphere at the time of
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application, the remainder being emitted after one year at the latest. For many
countries this application constitutes a significant emission source for HFCs (e.g. for
Germany more than half of total HFC emissions originate from this source). HFC-134a
is also used in aerosols where flammability is of concern, i.e. aerosols used as freezing
sprays for electronics testing, freezing sprays for pipework isolation and air dusters
used on electronic products such as computers. Whereas emissions from MDIs were
zero in 1995, aerosols for other uses mentioned above contributed 3% of the total EU
HFC emissions. A five-fold increase in emissions from general aerosols is expected,
making it the fourth largest emitter by 2010 (March 1998).

Solvents

CFC-113 and methyl chloroform were previously used as solvents in electronic
assembly production processes, precision cleaning, general metal degreasing and dry
cleaning (UNEP 1992). Currently, there is one commercially available HFC alternative
to CFC-113: HFC-43-10mee. Also, HFC-365mfc, considered for foam blowing, may
prove efficient for solvent use (March 1998).

Fire Extinguishers

HFC-227ea and a mixture of HFC-134a and HFC-125 are used as halon replacements
in fixed fire fighting systems. Some PFCs may also be suitable for fire fighting
purposes. HFCs are estimated to replace approximately 20% and PFCs 1% of fixed
halon-utilising systems since other fire fighting technologies, such as smoke detection
systems, inert gas and water-based systems, are available in many applications. For
portable extinguishers, HFCs are replacing halons only in some specialist applications,
such as aircraft use. In 1995, there were no HFC emissions from fire fighting
equipment, and the anticipated contribution of HFCs emitted from fixed systems to
total EU HFC emissions by 2010 is only 0.3% (March 1998).

Fugitive Emissions

Manufacture of HFCs, PFCs and SF6. Fugitive emissions of a chemical occur during
the production and distribution of a chemical. In 1995, fugitive HFC emissions were
estimated at 0.2% of the total EU emissions of HFCs increasing to 0.8% by 2010
(March 1998). Fugitive emissions from SF6 manufacture are estimated at
approximately 0.2% of total quantity of SF6 produced (IPCC 1999f). No estimates are
available regarding the fugitive emissions of PFCs.

By-Product Emissions

HCFC-22 manufacture. Trifluoromethane (HFC-23)  is generated as a by-product
during the manufacture of HCFC-22. The HFC-23 is separated as a vapour from the
HCFC-22, and, as an unwanted product in most cases, has been vented to the
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atmosphere. In some cases it may be captured for use or thermally destroyed. HCFC-
22 is produced in a number of EU Member States with the total production amounting
to approximately 128 000 tonnes in 1995 (IPCC 1999a). It should be noted that
emissions from HCFC-22 manufacture does not necessarily correlate with the
production figures since emission abatement technologies may be in place.

In 1995, HCFC-22 manufacture was the largest HFC emission source within EU,
generating 85% of total emissions of HFCs. Many plants have made process changes
in order to reduce the generation of the unwanted by-product HFC-23, thus increasing
the yield of HCFC-22. Also, EU regulations related to ozone depleting substances are
anticipated to cause a substantial cut in HFC-23 emissions by 2010, at which point the
contribution to total EU emissions would have shrunk to 15% (March 1998).

Aluminium Production

The majority of EU's PFC emissions are generated by the primary aluminium industry.
The PFCs emitted are carbon tetrafluoride, CF4, and carbon hexafluoride, C2F6. These
two gases are formed during a phenomenon known as the Anode Effect (AE). The
amount of PFCs formed depend primarily on the frequency and duration of the AE.
The magnitude of PFC emissions from aluminium production range from 0.02 to 1.19
kg of CF4 per tonne aluminium produced, and 0.001 to 0.14 kg of C2F6 per tonne
aluminium produced. These emission factors vary considerably because they are
process and smelter specific; also the uncertainties related to these factors are relatively
high, typically of the order of 50% (IPCC 1997). Primary aluminium is produced in 8
EU Member States with total production of approximately 2.1 million tonnes in 1995
(Heijnes et al. 1999). As estimated by the European Aluminium Association, PFC
emissions from aluminium production in 1995 were 6.8 million tonnes of CO2

equivalent (EAA 1999).

Semiconductor manufacture

Fluorinated compounds are used by the semiconductor industry for cleaning chemical
vapour deposition (CVD) chambers and for plasma (dry) etching. Six fully fluorinated
compounds and one hydrofluorocarbon are used for these two purposes:
tetrafluoromethane (CF4), hexafluoroethane (C2F6), octafluoropropane (C3F8),
octafluorobutane (c-C4F8), sulphur hexafluoride (SF6), nitrogen trifluoride (NF3) and
trifluoromethane (CHF3). (IPCC 1999) Emissions of PFCs from this source are not
well known because there is no common inventory method currently in use. It is
estimated that approximately 50 tonnes of SF6 was used in Europe in 1995 by the
semiconductor industry (Maiss & Brenninkmeijer 1998).

Magnesium industry
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Molten magnesium and its alloys are volatile substances that oxidise explosively in air.
Safe casting of molten magnesium thus require the use of a protective gas and SF6 is
commonly used for this purpose. (IPCC 1999d) It is estimated that approximately 70
tonnes of SF6 was used in Europe in 1995 for blanketing molten magnesium (Maiss &
Brenninkmeijer 1998).

Electrical equipment

SF6 is used as an insulant in Gas Insulated Switchgear (GIS) and other electrical
equipment, such as circuit breakers (IPCC 1999e). In 1995, a total purchased quantity
of 1200 tonnes of SF6 for new installations is reported, of which 360 tonnes is
accounted for by losses (Maiss & Brenninkmeijer 1998).

Other SF6  sources

Other European sources of SF6 include car tyres and soundproof windows. In
Germany, 130 tonnes of SF6 was purchased in 1995 for filling tyres. Of this quantity,
112 tonnes was emitted (Schwarz & Leisewitz 1996). For soundproof windows, an
estimated amount of 350 tonnes was used in Europe in 1995 (Maiss & Brenninkmeijer
1998). SF6 is also used for laboratory purposes, in soles of sport shoes, as a tracer gas
in air pollution and other atmospheric studies, and some other niche uses.

III Ways and means of limiting emissions

This chapter of the submission first addresses some general policy and strategy aspects
related to limiting the emissions of HFCs, PFCs and SF6. Secondly, examples are
given of measures which already have been adopted or are being planned by the
individual Member States of the European Community. Finally, a description of
options for emission reduction and limitation is included. The last part of this chapter
follows the structure of the reporting format provided by the UNFCCC Secretariat.

The Council of the European Union, in Conclusions adopted in its Meeting on 16 and
17 June 1998 addressed the issue of new greenhouse gases as follows: "The Council
notes with concern the projected growth of some industrial gases with high global
warming potential. In particular, it recognises the importance of further work on
policies to limit and/or reduce emissions of HFCs, PFCs and SF6, particularly in the
light of their inclusion within the Kyoto basket of gases. It stresses the role that
common and co-ordinated policies could play alongside national measures in this
area and invites the Commission to develop a framework covering all fields of
production and use of these gases for emission limitation and/or reduction that can
be further elaborated by Member States. This framework could include the following
issues: improved monitoring of actual emissions, good housekeeping, action to
reduce leakage, life-cycle management and recycling, reduction of used amounts by
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improving efficiency of cooling / heating / air-conditioning equipment, and
substitution. The Council calls upon the Member States to put in place programmes
to limit and/or reduce emissions of these gases, taking into account their global
warming potential including, where appropriate, agreements with manufacturers
and key users. In addition, The Council calls upon the Commission to pursue the
development of environmentally sound and safe alternatives for HFCs, PFCs and
SF6."

There are various available options for emission reduction of HFCs, PFCs and SF6.
These include e.g. substitution by alternative fluids (including substitutes with lower
GWP, where appropriate) or not-in-kind technologies, prevention of leakages, process
modifications, emission controls, labelling of products, and provisions for recovery
and reuse or disposal. 

Also a set of different implementation mechanisms for emission reduction options is
available. These include legislation, voluntary agreements between industry and
regulators, unilateral commitments by industry, government recommendations,
information campaigns, and economic instruments. Also, encouragement of research
and development can play a role.

The choice of any emission reduction strategy needs to take into account the specific
situation of each (sub)sector of emission sources. In general, the combination of a
reduction option and the means to implement it has to be effective in actually reducing
the emission. It also has to be practicable so that its implementation can be relatively
simple. An evaluation of the economic impact of the proposed measure is useful for a
comparison of cost-effectiveness of different strategies. Finally, any emission
reduction strategy needs to be monitored for the evaluation of its success. 

Attention also needs to be paid to the fact that HFCs and PFCs are used to replace
ozone depleting substances. In certain applications HFCs, and to a lesser extent PFCs,
may be the only technically and economically feasible alternatives to them for the time
being. As a general principle, action taken to reduce HFC and PFC emissions should
not undermine the efforts to phase out ozone depleting substances.

During the Tenth Meeting of the Parties to the Montreal Protocol the European
Community and its Member States adopted, together with 25 other Parties, on 24
November 1998, a Declaration on Hydrochlorofluorocarbons (HCFCs),
Hydrofluorocarbons (HFCs) and Perfluorocarbons (PFCs). In this Declaration these
Parties:

1. “Call upon all bodies of the Montreal Protocol not to support the use
of transitional substances (HCFCs) where more environmentally
friendly alternatives or technologies are available;

2. Urge all Parties to the Montreal Protocol to consider all ODS
replacement technologies, taking into account their total
global-warming potential, so that the use of alternatives with a high
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contribution to global warming should be discouraged where other,
more environmentally friendly, safe and technically and economically
feasible alternatives or technologies are available.” 

In the European Union some Member States have created or are in the process of
creating their national policies and measures towards reducing the emissions of new
greenhouse gases. In addition, certain measures adopted to limit the emissions of
ozone depleting substances, such as leakage control, also limit the emissions of HFCs
and PFCs. Examples of measures limiting and / or reducing HFC, PFC and SF6

emissions are listed below (the list is not exhaustive).

Austria

Planned and other measures:

- The Ministry of Environment is starting negotiation with the window
producing industry to phase out SF6 as a fill gas to produce sound absorbing
windows. 

- The Ministry of Environment together with the Association of Consumer
Information is preparing a ECO-labelling system for insulation foam boards
(PU / XPS foams) which will sign these boards as environmental friendly if
they meet defined criteria developed by the ministry.

- In the production of magnesium SF6 has been substituted as a protective gas by
a mixture of SO2 and N2.

- In foam cans for PU foams HFCs have been substituted as blowing agents by a
mixture of propane, butane and dimethyl ether.

Belgium

Planned and other measures:

- A national policy plan will be developed with measures to reduce and limit the
emissions of HFCs and PFCs.

Flemish Region

- Information system on ODS alternatives is being constructed.

- Certification programme for service and reparation technicians.

- Additional legislation for the use of ODS and HFCs and PFC in refrigeration
and air conditioning.

- An inspection campaign on refrigerating systems is being carried out.
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 Denmark

Measures already in place:

- The use of HFCs as fire extinguishing fluids is not allowed.

- According to The Refrigerant Sector Environment Scheme (KMO) only
registered enterprises and / or individuals, who have the necessary knowledge
and recovery equipment are allowed to purchase refrigerant.

 - According to The Refrigerant Sector Environment Scheme (KMO) all
refrigerants must be recovered and recycled, including HFCs.

- The National List of Undesirable Substances published in 1998, includes HFCs,
PFCs and SF6 as undesirable due to their greenhouse effect. 

- According to national law Copenhagen community has adopted regulation
entering into force by 1. July 1999 which requires leakage test for all larger
refrigeration systems within the boundary of the municipality containing
artificial refrigerants, i.e. CFC, HCFC, HFC and PFC. For HFC and PFC
containing refrigeration systems the requirement is 2 checks per annum for
systems containing less than 100 kg and 4 checks for systems containing more
than 100 kg. For CFC and HCFC containing equipment the checks are more
often. A number of municipalities are expected to use the possibility given by
national legislation to adopt regulation of larger refrigeration systems
containing artificial refrigerants, i.e. CFC, HCFC, HFC and PFC. 

Planned and other measures:

- A national greenhouse gas emission reduction strategy including HFCs, PFCs
and SF6 is under development. The first evidence is the inclusion of HFCs,
PFCs and SF6 to the National list of Undesirable Substances. For HFCs the
political goal is a phase-out by 2006. Greenhouse warming (existing CO2-tax
times GWP) taxes have been suggested for reaching the goal.

- An investigation was done on substitutes for potent greenhouse gases. The
results were published in 1999, showing the feasible alternatives and pointing
out areas where research is needed.

France

Measures already in place (applying to systems with more than 2 kg of refrigerant):

- A decree regarding refrigerant fluids contains an obligation to recover or
destroy fluids when emptying or at disposal and requires that companies and
their staff that handle these substances must be qualified.

- Another decree brings in an obligation to prevent leakage and check the system
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for leakages annually.

- Financial incentives for companies that collect refrigerant fluids.

Planned and other measures:

- A number of improvements to the above-mentioned decrees.

- Research and development regarding charge size minimisation, alternative
fluids and improved energy efficiency.

- Discussions between industry (e.g. semiconductor, aluminium, electrical
equipment, magnesium) and government regarding efficient means of limiting
emissions.

Germany

Measures already in place:

- Eco-labelling of HFC-free refrigerators.

- Incineration of HFC-23 from HCFC-manufacture.

- Ban of the use of HFCs as solvents pursuant to an ordinance.

- Declaration of the primary aluminium industry to reduce PFC emissions.

- Declaration of the manufacturers and users of SF6 in electrical switching 
equipment and systems.

- Effects of the Thermal Insulation Ordinance on the reduction of SF6 emissions
of new windows.

Italy

Measures already in place:

- Recovery and reuse of SF6 from electrical equipment according to certain
technical directives.

- A law bans the use of HFCs and PFCs in fire extinguishers.

Planned and other measures:

- Research in progress regarding safety and health problems related to HFC
alternatives.

- Feasibility studies on centralised ammonia plants.

- A campaign to inform doctors and patients on the availability of alternatives to
HFC-MDIs.
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The Netherlands

Measures already in place:

- Regulation regarding leakage from refrigeration systems (includes an objective
of maximum loss of refrigerant per year: 0.1 - 1% of initial charge).

- national greenhouse gas emission reduction strategy including HFCs, PFCs and
SF6.

-  decision on voluntary reduction of HFC-23 from HCFC-22 manufacture is
being implemented.

- The Netherlands Climate Policy Implementation Plan (announced by the
government: improved monitoring of emissions; agreement on PFC reduction
in the aluminium industry; agreements on  reduction of HFC and PFC
emissions from refrigeration and air conditioning, aerosols, foams, fire
extinguishers and solvents; financial and fiscal support for emission reduction
measures; etc.); the plan still has to be adopted by the Parliament.

Sweden

Measures already in place:

The Refrigerants Order and the Swedish Code of Practice 

- Only accredited enterprises may install or conduct any service or maintenance
of refrigeration systems.

- Material and design of refrigeration and air-conditioning system shall be such
that leakage is minimized, maintenance is facilitated, refrigerant charge is
minimized, refrigerants with smallest effect on ozone layer and climate is
chosen. 

- The refrigerants must be recovered or reclaimed for reuse or destruction.

- All equipment shall be subject to regular leak tests and controlled by accredited
enterprises at least once a year.

The Swedish Fire Extinguisher Order

- Includes provisions for handling halons, HCFCs and HFCs (regular leak tests at
least once a year, a record must be kept of leakages, only approved enterprises
may handle fire extinguishing fluids, facilities containing more than 20 kg of
fire extinguishing fluids must report annually to the Regional Authorities). 
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UK

Measures already in place:

- Statutory local air pollution guidance helping reduce SF6 emissions and
requires users to monitor use of SF6.

- Statutory pollution control resulted in significant reductions in PFC emissions
from aluminium smelting.

- Statutory pollution control reduced HFC-23 emissions from main HCFC-22
production plant by 99%.

- Voluntary agreements between the government and the refrigeration, foam
blowing, fire protection, aerosol, and mobile air conditioning sectors aiming to
minimise emissions of HFCs.

- The voluntary agreement with fire protection sector also includes PFCs.

Planned and other measures:

- Discussion between government and industry on options for lowering SF6

emissions from electrical equipment.

- Policy options for reducing PFC emissions in other than fire protection sectors.

- Review of effectiveness of voluntary agreements on HFCs/PFCs.

Way #1

Name:
Refrigerant conservation

Type:
Technology, leakage reduction in existing equipment
Technology, recovery / recycling
Technology, destruction
Technology, improved system design
Improved operation and maintenance procedures

Sector:
Refrigeration and air conditioning, all

Gases affected:
HFC-23
HFC-32
HFC-125
HFC-134a
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HFC-152a
HFC-143a
C3F8

General description:
The scope for improved refrigerant conservation is considerable in reducing emissions
of HFCs from refrigeration and air conditioning applications. Basic elements of
refrigerant conservation include (UNEP 1998):

- properly design and install new equipment so as to minimise actual or potential
leaks;

- leak-tighten existing systems so as to reduce emissions;

- improve service practices, including recovery, permitting continued system
operation with reduced need to add refrigerant;

- make sure that refrigerant is recovered at system disposal.

Examples of application:
Refrigerant conservation is particularly suitable for refrigeration applications where
historical emission rates have been high or fairly high, such as medium and large
commercial refrigeration, refrigerated transport, mobile air conditioning, industrial
refrigeration, and chillers.

Economic impact:
Conservation saves money because of the reduced need to add refrigerant. Well
designed and optimally performing refrigeration system will also consume less power
(money savings).

Environmental impacts:
Refrigerant conservation reduces all refrigerant emissions thus decreasing adverse
effects to the environment caused by different refrigerants. Well designed and
optimally performing refrigeration system will also consume less power and thus
contribute less to the indirect effect (CO2 from power plants).

Sources of additional information:
UNEP 1998. 1998 Report of the Technology and Economic Assessment Panel
(Pursuant to Article 6 of the Montreal Protocol). United Nations Environment
Programme, Ozone Secretariat.

Way #2

Name:
Refrigerant alternatives
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Type:
Technology, substitution

Sector:
Refrigeration and air conditioning, all

Gases affected:
HFC-23
HFC-32
HFC-125
HFC-134a
HFC-152a
HFC-143a
C3F8

General description:
Several European manufacturers use isobutane in their refrigerators and freezers. In
Germany, for instance, hydrocarbons represent nearly 100% of the market. Isobutane
has the advantage of an insignificant GWP (approximately 20) compared to HFC-134a
(approximately 1300).

Alternative fluids such as ammonia and hydrocarbons are also available for
commercial refrigeration systems. Other possible alternatives include water, which can
be used for refrigeration temperatures above 0 degrees C.

Limitations:
The use of ammonia or hydrocarbons is not suitable for traditional large direct
expansion systems due to safety concerns. These refrigerants require indirect
refrigeration technology, such as secondary loop systems or distributed systems.

Examples of application:
Large supermarkets in several EU countries have refrigeration systems utilising
ammonia as a refrigerant. In Sweden, approximately 75 hydrocarbon-utilising
supermarket refrigeration systems have been built since 1996 (Pedersen 1998). In some
European countries, ammonia is now the standard in industrial refrigeration systems
(e.g. food processing industry). Also, an industrial chiller based on water vapour
compression has been built in Europe. It uses 30-40% less energy than the best
available ammonia and HCFC/HFC technology. Some of the European car
manufacturers have developed mobile air conditioning systems that utilise CO2 as a
refrigerant.

Other remarks:
When assessing the use of alternative fluids in refrigeration equipment, the indirect
effect due to energy use (the TEWI concept) should be taken into account.
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Sources of additional information:
Pedersen, P. H. 1998. Muligheder for at reducere forbrug og emission af kraftige
drivhusgasser (HFC'er, PFC'er og SF6). Dansk Teknologisk Institut, DTI Energi.

Way #3
Name:
Refrigerant charge size reduction

Type:
Technology, other

Sector:
Refrigeration and air conditioning, all

Gases affected:
HFC-23
HFC-32
HFC-125
HFC-134a
HFC-152a
HFC-143a
C3F8

General description:
Charge size reduction in some refrigeration applications could dramatically reduce the
emissions from these system. For instance, supermarket refrigeration systems have
been dominated by so called direct expansion systems, where high pressure refrigerant
from the machine room is circulated through the display cases located in the retail sales
floor. Large supermarket systems may have thousands of metres of potentially leaky
piping and very high refrigerant charges (AFEAS 1997). There are two commercially
available technical options for reducing the charge size of large commercial
refrigeration systems: secondary loop systems and distributed systems.

Secondary loop systems employ two separate heat transfer loops: one for the
refrigerant and one for brine solution. The brine solution is circulated through the
display cases using a pump. The refrigerant is contained within the primary loop in the
machine room and does not enter the retail sales floor. A heat exchanger is required to
cool the brine solution with the refrigerant. Because the refrigerant is no longer in the
proximity of the customers, it is possible to use alternative fluids, such as ammonia. A
number of supermarket installations with CO2 as a secondary refrigerant have been
installed with good results. Supermarket systems using ice-slurry (a mixture of water,
ice and ethanol) are also installed in some European countries.

Distributed systems are another attempt to reduce the refrigerant emissions from
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commercial systems. This approach brings the compressors near the display cases they
are servicing, thus reducing the length of piping. Commercially available systems
employ a water loop to connect all of the compressor installations with a single cooling
unit, which is required for the waste heat rejection.

Other remarks:
The down side of these kind of systems is the thermodynamic penalty from using a
heat exchanger, and the use of a pump for brine circulation, both of which add to the
power consumption of the system. This penalty can be reduced by new developments
in evaporating and melting secondary refrigerants.

A TEWI comparison of the three systems indicates that the GWP of alternative
refrigerants for direct expansion systems has a significant effect on direct emissions.
Moreover, the results indicate that a significant reduction in TEWI could be achieved
using either secondary loop or distributed systems (due to charge size reduction). The
thermodynamic losses and pumping power requirements discussed above would,
however, increase the energy consumption by 8 to 26% depending on the system in
question. The overall reduction in TEWI would still be significant (AFEAS 1997).

Sources of additional information:
AFEAS 1997. Energy and Global Warming Impacts of HFC Refrigerants and
Emerging Technologies. Alternative Fluorocarbons Environmental Acceptability Study
and US Department of Energy. Oak Ridge National Laboratory: Oak Ridge, Tennessee.

Way #4
Name:
Alternative refrigeration technologies

Type:
Technology, other

Sector:
Refrigeration, domestic
Refrigeration, heat pumps

Gases affected:
HFC-32
HFC-125
HFC-134a
HFC-152a
HFC-143a
C3F8

General description:
Alternative technologies that are commercially available include absorption
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technologies (in refrigerators and industrial heat pumps). The applicability of this type
of system is often limited to applications where waste heat is available. In other
applications the energy efficiency of this type of system is often poor. Thermoelectric
refrigeration is another alternative technology used in some applications, e.g. small
drink cooler cabinets. Both of these technologies, however, are unlikely to replace
compression vapour refrigeration for the broader refrigeration market. Not-in-kind
technologies may prove feasible in some applications.

Way #5
Name:
Refrigerant recovery and disposal

Type:
Technology, recovery / recycling
Technology, destruction

Sector:
Refrigeration and air conditioning, all

Gases affected:
HFC-32
HFC-125
HFC-134a
HFC-152a
HFC-143a
C3F8

General description:
Large refrigeration and air conditioning systems may contain hundreds or thousands of
kilograms of refrigerant, most of which may still be in the system at decommissioning.
Correct recovery and disposal thus play a vital role in minimising end of life emissions
from these systems. Recovery is applicable also to smaller systems, such as domestic
refrigerator and freezers.

Refrigerant recovered from a refrigerating system can be returned to the same system
after recycling. It may be necessary to reclaim the refrigerant before it can be reused in
another system to make sure that the contaminant level will not damage the equipment
or adversely affect its performance. In addition, used refrigerants may be destroyed.
Chlorofluorocarbons and other halogenated solvents are included in the list of
hazardous waste (Council Decision 94/904/EC).

Other remarks:
Efficient recovery and disposal of CFC and HCFC refrigerants is already required in
the EU Council Regulation 3093/94 on substances that deplete the ozone layer. Certain
Member States have the same provision in their legislation covering also HFCs.
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Way #6
Name:
Alternative foam blowing agents

Type:
Technology, substitution

Sector:
Foam, all

Gases affected:
HFC-134a
HFC-152a
HFC-245fa
HFC-365mfc

General description:
Hydrocarbons are currently widely used in polyurethane applications such as flexible
faced laminate/boardstock and sandwich panels and appliance foam. Hydrocarbons are
used in producing approximately 50% of the European polyurethane foam while the
remaining half of the production is blown with HCFCs. Other alternative blowing
agents such as water and CO2 are used for the manufacture of packaging materials and
cushioning. CO2 is also suitable for XPS foam blowing: there are plants already in
Europe manufacturing XPS with CO2 as a blowing agent. HFC-134a is currently used
as a blowing agent in manufacturing appliance insulation. Other HFCs suitable for
polyurethane foams (HFC-245fa and HFC-365mfc) are not yet commercially available.

Way #7
Name:
Not-in-kind insulation materials

Type:
Technology, other

Sector:
Foam, all

Gases affected:
HFC-134a
HFC-152a
HFC-245fa
HFC-365mfc
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General description:
The current insulation market is dominated by such not-in-kind insulation materials as
mineral wool and glass-fibre. These products are viable alternatives in some cases to
polyurethane insulation although the insulation performance is poorer.

Way #8
Name:
Emissions reduction options for HFC-blown foams

Type:
Technology, leakage reduction in existing equipment; Technology, recovery /
recycling;
Technology, destruction; Technology, improved system design

Sector:
Foam, all

Gases affected:
HFC-134a

General description:
There are a number of emissions reduction options available for different types of
foam:

Phase of life Potential reduction measure Applicable to

Manufacture Capture of vapour at “head” XPS, PU/PF flex board

Re-capture from scrap/trim All foam types (esp. block)

Use Better installation practice All foam types

Lower permeability facings Flexibly-faced laminates

De-commissioning Controlled removal
procedures

All foam types

Incineration facilities All foam types

Also, some types of insulation materials are perfectly usable after de-commissioning
for less demanding applications. So the importance of recycling and reuse should be
stressed for this source category.

Way #9
Name:
Reduction of HFC emissions from aerosols
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Type:
Technology, substitution
Technology, other

Sector:
Aerosols, all

Gases affected:
HFC-134a
HFC-152a

General description:
In addition to alternative dispensing technologies for aerosols, such as pump sprays,
there are three main alternative types of propellant to previously used HFCs (March
1998):
- hydrocarbons (HCs);
- dimethyl ether (DME);
- compressed gases (e.g. CO2, N2, compressed air, nitrous oxide).

The use of HFCs should be limited to applications where there are no other safe or
practical options. It is also possible to substitute HFCs used as propellants in one
component polyurethane foam cans. In several countries, HFCs are no longer used for
this purpose. Otherwise, due to the highly emissive nature of aerosols, there are no
feasible reduction options available (March 1998).

Metered dose inhalers: There are two main alternatives to CFC using MDIs: dry
powder inhalers (DPIs) and MDIs using HFCs. Although alternatives are available (and
being used extensively in some countries, e.g. DPIs in Sweden), not all patients can use
them and have to rely on MDIs with a propellant (Pedersen 1998).

Sources of additional information:
- March 1998. Opportunities to Minimise Emissions of Hydrofluorocarbons

(HFCs) from the European Union. March Consulting Group, UK.
- Pedersen, P. H. 1998. Muligheder for at reducere forbrug og emission af

kraftige drivhusgasser (HFC'er, PFC'er og SF6). Dansk Teknologisk Institut,
DTI Energi.

Way #10
Name: 
Reduction of HFC emissions from solvents

Type:
Technology, substitution
Technology, improved system design 
Improved operation and maintenance procedures
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Sector:
Solvents, all

Gases affected: 
HFC-43-10 mee

General description:
Only in a few solvent applications where ozone depleting substances were traditionally
used is industry currently considering the use of HFCs. Many other viable alternatives
exist for most applications. If HFCs become more widely used as solvents, the
available options for emissions reduction are to choose a solvent with the lowest
possible GWP, to minimise evaporative losses by improved design of the solvent bath
itself, and by allowing the product to drain before leaving the enclosure.

Way #11
Name:
Reduction of HFC and PFC emissions from fire fighting

Type:
Technology, substitution 
Technology, other 

Sector:
Fire extinguishers, fixed systems

Gases affected:
HFC-227ea
HFC-134a 
HFC-125
C3C8

General description:
Not-in-kind technologies (such as highly sensitive smoke detectors) are of significant
importance in replacing fixed halon systems. Approximately 50% of the market that
relied on fixed halon systems have moved to such technologies. Also, a large
proportion of earlier halon users have moved to natural fluids such as nitrogen,  CO2 or
water. HFCs and PFCs are mainly used as alternatives to halons in some specialist
applications. Also, the majority of portable halon extinguishers are being replaced by
such alternatives as CO2, foam or water (March 1998).

Emissions reduction options for those fixed fire fighting system that are based on
HFCs include improved system design to minimise the number of false alarms, and
better testing practices, which reduce the need to discharge a proportion of the charge
during testing. Significant product development has led to new systems that have
relatively low annual emission rates, ranging from 1 to 3% of the initial charge (March
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1998).

Sources of additional information:
March 1998. Opportunities to Minimise Emissions of Hydrofluorocarbons (HFCs)
from the European Union. March Consulting Group, UK.

Way #12
Name:
Reducing HFC-23 emissions from manufacturing of HCFC-22

Type:
Technology, improved system design 
Technology, destruction 
End of pipe technology

Sector:
By-product emissions

Gases affected:
HFC-23

General description:
Virtually all (98 - 99%) HFC-23 emissions from HCFC-22 manufacture occur at a
certain point of the process: the condenser vent (IPCC 1999a). Other points where
HFC-23 is emitted or may be emitted from the process include fugitive emissions from
leaking compressors, valves and flanges; separation from the main product using
scrubbers; and venting from the storage tank where the HFC-23 is recovered.

The fact that most of the emissions take place at the condenser vent makes it possible
to capture efficiently most of the HFC-23 and pass it to incineration. This way, a
reduction of up to 99% in the overall emissions can be achieved. It is estimated that the
cost effectiveness of these measures would be very high (March 1998).

Sources of additional information:
March 1998. Opportunities to Minimise Emissions of Hydrofluorocarbons (HFCs)
from the European Union. March Consulting Group, UK.

Way #13
Name:
Reducing PFC emissions from primary aluminium smelting

Type:
Technology, improved system design
Policy and measure, training of technicians
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Sector:
Aluminium production

Gases affected:
CF4

C2F6

General description:
Reduction in PFC emissions from primary aluminium smelting can be achieved by
controlling the frequency and duration of anode effects (AEs). It is possible to reduce
AEs by as much as 70%. The reduction can be achieved by computerised process
controls, but also increasing employee awareness and training, and the development of
team-based management approaches can play a vital role. These measures result not
only in reduced PFC emissions but can also improve energy efficiencies and process
stability, thereby reducing overall emissions associated with primary aluminium
production.

Way #14
Name:
Reducing PFC, HFC and SF6 emissions from semiconductors manufacturing

Type:
Technology, improved system design
Improved operation and maintenance procedures

Sector:
Semiconductors manufacturing
Gases affected:
CF4

C2F6

C3F8

c-C4F8

SF6

HFC-23

General description:
PFCs are emitted from semiconductor manufacturing processes. Listing of  potential
reduction options for this source is difficult. This is due to the complexity of the
production process and the rapid rate at which processes change in this dynamic
industry. It has been reported, though, that efforts to develop ways to measure these
emissions are being undertaken by industry leaders throughout the world (IPCC
1999c).

Sources of additional information:
IPCC 1999c. "Expert Group Meeting on Good Practice in Inventory Preparation -
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Industrial Processes and New Gases: PFC, HFC, and SF6 Emissions from
Semiconductor Manufacturing (DRAFT)". IPCC/OECD/IEA Programme on National
Greenhouse Gas Inventories.
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