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1. Introduction

This paper was prepared for the Copenhagen UNFCCC Workshop on Best Practices and
Measures. This paper outlines a methodology towards best practices in policies and measures
(PAMs) in limiting greenhouse gas emissions, here in particular HFCs, PFCs and SF6, on the
national and trans-national level. Among other issues it addresses the relation between the
Montreal Protocol and implications for best practices,  monitoring and evaluation of HFC
policies, specific best practices of Annex I countries and relation with non-Annex-I countries.

2. General  policy analysis approach for developing PAMs

The following methodology is recommended to design a set of national/trans-national
policies and measures to reduce greenhouse gas emissions:

?  Iterate the following process under stakeholder involvement:
• define a general policy strategy
• estimate past and actual emissions and reference projections (including the future

effects of already implemented PAMs)
• list potential (technical) measures, their costs and their effects
• investigate possible positive and negative side-effects; analyse costs and benefits in

other policy areas
• define (if needed) a research and technology development programme
• define available possible policies and measures at a national level
• define criteria to select the most appropriate PAMs
• analyse effectiveness and barriers for future implementation
• design and evaluate a monitoring and reporting programme
• International orientation: 

- analyse the international framework of the respective issue;
- which national PAMs could be more effective if implemented on a trans-

national level; investigate possibilities under art. 13.4 d of the Protocol 
and define actions;

- potential for use of the Kyoto Mechanisms and define actions.
?  Implement set of PAMs on national / trans-national level including a monitoring
programme
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3. Application to Fluorinated Greenhouse Gases

The methodology outlined above is applied to the prevention and limitation of emissions of
HFCs, PFCs and SF6. Not all of the methodological items listed above are elaborated in this
paragraph. The focus will be on the general strategy, emissions and projections of the new
gases, Potential PAMs on national level, costs, selection criteria and international options for
common or co-ordinated policies.

3.1 General policy strategy on fluorinated greenhouse gases

The Netherlands have defined a strategy on emissions of HFCs, PFCs and SF6. This strategy
comprises the following key elements:

• No general ban on production and use of HFCs, PFCs and SF6. Instead their release into
the environment needs to be limited,

• Stimulate the development of technologies using alternative fluids instead of HFCs and
PFCs as ODS replacements and SF6

• Stimulate longer term research & development of healthy, safe, environmentally friendly
alternatives, e.g. non-in-kind technologies

• But: take into account energy efficiency effects and Total Equivalent Warming Impact,
other environmental side effects including a possible interference in implementation of
decisions under the Montreal Protocol, safety issues, health issues and costs;

• If  use of fluorinated greenhouse gases are unavoidable in the short term, then:
- keep them confined (improve leakage regulation from installations or factory
buildings)
- improve recovery /recycling and minimise handling losses in life cycle chain

• Stimulate elimination or minimisation of emissions of fluorinated greenhouse gases as by-
products (e.g. aluminium production and HCFC22)

• Ban on evidently superfluous uses in consumer products (like SF6 in tires and double
glazing, self chilling beverage cans, sport shoes)

This general strategy will be implemented in the Netherlands as part of the National Policy
Implementation Plan. The Netherlands will advocate this approach within  the European
Union.

3.2. EU Emissions of HFCs, PFCs and SF6

The Kyoto Protocol under the United Nations Framework Convention on Climate Change
(UNFCCC) regulates emissions of carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride.

Emissions of each of the gases are weighted under the Kyoto accounting system by means of
global warming potentials (100 year integration) as defined by IPCC (1996) - please refer to
the appendix of this paper for details. The global warming potential (GWP) is a normalised
proxy for the impact of one mass unit of a compound on the climate over a certain integration
period. The GWP value is the combined result of the radiative properties and the atmospheric
lifetime of a compound  (IPCC, 1996). Table 1 lists the default GWPs for HFCs, PFCs, SF6
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and the other greenhouse gases regulated under the Kyoto Protocol. High values imply that
comparatively small emission fluxes can potentially make a significant contribution to a
country’s total greenhouse gas emissions.

Table 1  Global Warming Potentials (100 years) for the different compounds
regulated under the Kyoto Protocol

Compound GWP (range)
HFCs 140-11,700
PFCs 6,500-9,200

SF6 23,900
N20 310

CH4 21

CO2 1 (reference)

Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFC) are chemically related
anthropogenic greenhouse gases. Because of their depleting effect on stratospheric ozone
CFCs and HCFCs have been regulated under the Montreal Protocol since the late 1980’s and
were thus not included into the Kyoto Protocol. The whole group of fluorinated greenhouse
gases (CFCs, HCFCs, HFCs, PFCs and SF6) contributed about 25% of the added
anthropogenic radiative forcing of the climate between 1980 and 1990 [IPCC, 1990]. The
main contribution came from CFCs and HCFCs. It needs to be emphasised that
chlorofluorocarbons and more so halons, chlorocarbons and bromocarbons exhibit significant
negative indirect radiative effects on climate, i.e. they also cool the climate through the
depletion of stratospheric ozone. These negative effects are often large but extremely
uncertain (see WMO [1995, 1999] for a more detailed discussion).

Figure 1  Estimated and projected evolution of European emissions of HFCs,
PFCs and SF6 between 1990 and 2010 - after Ecofys (2000a).
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The absolute relevance of the remaining fluorinated compounds (HFCs, PFCs, and SF6) was
limited to less than 1% of the direct warming effect during the same period. When the Kyoto
Protocol was negotiated it was anticipated that emissions of HFCs, PFCs and SF6 could
reach a relevance comparable to CFCs and HCFCs. This notion was corroborated by rapidly
increasing accumulation rates observed in the atmosphere. The extraordinary atmospheric
stability of PFCs, SF6 and some HFCs was an additional reason to restrict their emissions
[Cook, 1995]. Despite their limited present and near future relevance to global warming, is
has been shown that the abatement of emissions of HFCs, PFCs and SF6 can significantly
reduce the total costs of compliance with the Kyoto Protocol [Reilly et al., 1999]. The same
authors also demonstrated that a failure to control these emissions could be expensive if
emissions increases have to be compensated by additional emission reductions from fossil
fuels.

It is estimated that in 1990 emissions of HFCs, PFCs and SF6 contributed roughly equally to
European emissions, in total adding up to roughly 1.4 % of total European greenhouse gas
emissions in 1990 (Figure 1). After 1990 emission levels of HFCs increase due to phase in of
HFCs as replacement of ozone depleting substances whereas the sum of emissions of PFCs
and SF6 is projected to remain fairly constant between 1995 and 2010. In both studies the
total share of HFCs, PFCs and SF6 had started to rise until 1995 and is projected to
significantly increase until 2010 without reaching saturation until around 2030. March (1998)
estimated 1.6% and 2.6% for 1995 and 2010, respectively. So far, there have been few
comprehensive attempts to project EU emissions beyond 2010.

A number of different processes are responsible for emission of HFCs, PFCs and SF6. There
are a couple of relevant processes that release these compounds as unintentional by-products.
A growing share of emissions occurs in connection with the intentional use of these
compounds as refrigerants, blowing agents, solvents, aerosol propellants and protection gases
(Figure 2).

It is important to note that many of the estimates reported above (and similar studies) have
large inherent uncertainties. These are connected to the limited availability of data on current
emission factors (e.g. specific leakage rates), their future evolution in a business-as-usual
case, and the underlying economic activity data. In most countries considerable efforts will
be still be necessary to obtain reliable inventories and projections. It will be of great
importance to ensure consistency of these estimates through international collaboration.
Regarding this issue UNFCCC could seek further assistance from IPCC - continuing the
ongoing efforts on “Good Practice in Inventory Preparation” - and also heavily build on the
experience of experts from the Technology and Economy Advisory Panel under the Montreal
Protocol.
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Figure 2  Projected mix of sources of emission of HFCs, PFCs and SF6 in 2010.
After ECOFYS (2000a)
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3.3 Potential PAMs and criteria

A number of different policy instruments to control emissions of HFCs, PFCs and SF6 are
available. Among the most promising are the following:

A) Voluntary agreements
B1) End use emission regulations
B2) End use controls, by market segment
C1) Fiscal measures such as product taxation, by fluid
C2) Fiscal measures such as product taxation, by market segment
D) Domestic trading in emission permits or reduction certificates
E) Information dissemination, training and education
F)  Promotion of R&D on new technologies
G) Emissions reporting mechanisms
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At least six different criteria can be identified to select the most appropriate policies and
measures to control emissions of HFCs, PFCs and SF6:

• Environmental Effectiveness
• Probability of success
• Cost effectiveness
• Administrative burden for verification and enforcement
• Fairness and consistency
• Acceptance by stake holders

Several of these points will in most cases be compatible among each others: A fair and
consistent approach will usually find greater acceptance by stakeholders and increase the
likelihood of success. Unfortunately there will often also be tradeoffs between these criteria.
A consistent policy across all sectors (e.g. mandatory recovery of fluids) may often impose a
great burden on administrations and also include sectors  in which the cost effectiveness of a
policy is poor.

A systematic integration of all criteria into one methodology is rather difficult. Most tools
thus attempt to analyse one dimension at a time. Especially the quantitative instruments
commonly evaluate only one category. Emission inventories for examples help to identify
sectors of priority in which political action warrants large effects under presumably modest
administrative burden. Total-Equivalent-Warming-Impact (TEWI) studies are designed to
carry out a thorough assessment of the environmental effectiveness of substituting one
technology against an alternative one. TEWI studies provide a combined analysis of direct
emissions of greenhouse gases connected to a process (e.g. losses of HFC refrigerant) along
with indirect emissions  associated with the energy consumed by the device under typical use
pattern.

Studies on the cost-effectiveness of abatement measures permit a ranking of different options
in respect to the amount of abated emission per unit of capital expended (Figure 3).  At an
advanced stage more qualitative instruments such as a comprehensive stakeholder
consultation involving NGOs and industry are required to compromise between several
criteria.
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Figure 3  Abatement cost curve for projected European Emissions of HFCs, PFCs and
SF6 in 2010 (after ECOFYS (2000a)). A strategy minimising costs requires that PAMs
are implemented sequentially from low costs to higher costs up to a certain threshold
value.
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The Workshop “Joining European Efforts to Limit Emissions of HFCs, PFCs and SF6” was
jointly sponsored and organised by the European Commission, the Finnish Presidency of the
EU-Council and the Dutch Ministry of Spatial Planning, Housing and the Environment. It
was held in Luxembourg on February 1-2, 2000 under involvement of European policy
makers and stake holders (Industry and NGOs). After presentations on the technical and more
quantitative aspects of different technologies, different PAMs were evaluated during the
workshop for implementation in certain sectors. Below, two examples from the Workshop-
Proceedings (Ecofys, 2000b) are given in order to illustrate how certain PAMs were
discussed by policy makers after a stake holder consultation:

“Mobile air conditioning (MAC)

It was pointed out that MAC has a rapidly growing market share in new vehicles and that a
large potential exists in MAC to reduce leakage rates. ... It was discussed whether a
maximum allowed leakage rate can be legislated on the EU level. It was pointed out that one
would also need to negotiate agreement with US/Japan/Korea. One participant explained that
this can be done as demonstrated in the case of the voluntary agreement on vehicle fuel
efficiency. ... The need to ensure end of life recycling was emphasised. Another participant
suggested that one could use a mix of voluntary agreement / taxation and quality assurance
for MAC. It was stressed that voluntary agreements are particularly well suited for MAC due
to the limited number of manufacturers.”
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“General aerosols and metered dose inhalers (MDIs)

It was generally agreed that for aerosol applications there is particular justification for
looking at use limitations due to the large potential for growth in this sector. Some
representatives stressed that the Scandinavian experience shows that HFCs are not needed in
this application. Voluntary agreements were seen as difficult to be implemented because of
the large number of small users. Thus legislation was seen as the more appropriate choice to
usage of HFCs. It was reported that HFCs exhibit a larger market share in aerosol
applications in the US due to VOC regulation limiting the use of HCs. Labelling of products
was brought forward as an useful alternative.  Taxation was also seen as an option along with
requiring a license for specific applications. ...”

These examples may serve as an illustration of the complex non-quantitative aspects that
need to be considered in order to eventually find a consensus on emission limitations.

3.4 International options for common or co-ordinated policies

In many sectors in which emissions of HFCs, PFCs and SF6 are likely to occur, national
PAMs will often not be the most effective way to limit emissions as trade with products
containing HFCs (e.g. domestic refrigeration, mobile air conditioning, thermal insulation
foams) is involved and issues of international competitiveness can be touched
(e.g. magnesium casting, thermal insulation foams). In these cases acceptance by stake
holders is likely to be significantly larger if joint action is taken, e.g. on the European level.
Stringent voluntary agreements will also be more acceptable to industry if negotiated on a
trans-national or even global level. For many PAMs implementation and verification costs for
governments would probably be much lower if a uniform solution is found across a larger
number of countries, e.g. if a back-tracking of the production process for imported foams is
not required. Companies also generally benefit if they do not need to provide several products
with different specifications for one application in different national markets.

The article 13.4 d) of the Kyoto Protocol provides an interesting provision to promote a
trans-national implementation of PAMs to reduce greenhouse gas emissions:

“Article 13.4 The Conference of the Parties serving as the meeting of the Parties to this
Protocol shall keep under regular review the implementation of this Protocol and shall make,
within its mandate, the decisions necessary to promote its effective implementation. It shall
perform the functions assigned to it by this Protocol and shall:   ...

d) Facilitate, at the request of two or more Parties, the coordination of measures adopted by
them to address climate change and its effects, taking into account the differing
circumstances, responsibilities and capabilities of the Parties and their respective
commitments under this Protocol;“
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The EU and other countries like Iceland, Norway, Switzerland, the EU-accession  countries
etc could join their interests by means of this vehicle in order to exchange information on
emission data, technical know-how or stimulate industrial alliances.

The lack of know-how to find ODS replacements and at the same time limit or prevent
emissions of HFCs and energy related greenhouse gases, especially in developing countries,
remains a serious problem. It is recommended to deal with this by developing good practice
guidance for Parties under the Convention but also for private enterprises and consumers. It is
also proposed to negotiate international agreements to implement labelling of consumer
products indicating both climate and ozone impacts

4. Conclusions

The following issues are proposed for further consideration by workshop participants:
• Intensify a scientifically neutral international exchange of emission data and factors,

possibly facilitated by IPCC on request of the Parties.
• Develop a guidance on good practice in finding alternatives for ODS and at the same time

limit or prevent emissions of fluorinated greenhouse gases for Parties, private enterprises,
NGO’s; This would also be useful for developing countries.

• Investigate options on art. 13.4 d of the Kyoto Protocol and explore respective
possibilities for trans-national actions by a CoP-6 decision.
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