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3Summary for Policymakers

1 Decision 12/CP.8, FCCC/CP/2002/7/Add.1, page 30.
2 Decision XIV/10 UNEP/OzL.Pro.14/9, page 42.
3 Ozone within this report refers to stratospheric ozone unless otherwise noted.
4 Hereafter referred to as the Montreal Protocol.
5 Banks are the total amount of substances contained in existing equipment, chemical stockpiles, foams and other products not yet released to the atmosphere.

Figure SPM-1. Schematic diagram of major issues addressed by this report. Chlorofluorocarbons (CFCs), halons and hydrochlorofluorocarbons 
(HCFCs) contribute to ozone depletion and climate change, while hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs) contribute only to 
climate change and are among possible non-ozone depleting alternatives for ODSs. Red denotes gases included under the Montreal Protocol and 
its amendments and adjustments4 while green denotes those included under the UNFCCC and its Kyoto Protocol. Options considered in this 
report for reducing halocarbon emissions include improved containment, recovery, recycling, destruction of byproducts and existing banks5, and 
use of alternative processes, or substances with reduced or negligible global warming potentials. 

This IPCC Special Report was developed in response to 
invitations by the United Nations Framework Convention on 
Climate Change (UNFCCC)1 and the Montreal Protocol on 
Substances that Deplete the Ozone Layer2 to prepare a balanced 
scientific, technical and policy relevant report regarding 
alternatives to ozone-depleting substances (ODSs) that affect 
the global climate system. It has been prepared by the IPCC 
and the Technology and Economic Assessment Panel (TEAP) 
of the Montreal Protocol. 

Because ODSs cause depletion of the stratospheric ozone 
layer3, their production and consumption are controlled 
under the Montreal Protocol and consequently are being 
phased out, with efforts made by both developed and 
developing country parties to the Montreal Protocol. Both the 
ODSs and a number of their substitutes are greenhouse gases 
(GHGs) which contribute to climate change (see Figure  
SPM-1). Some ODS substitutes, in particular 
hydrofluorocarbons (HFCs) and perfluorocarbons (PFCs), 

1. Introduction
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4 Summary for Policymakers

6 It should be noted that the National Inventory Reporting community uses the term ‘indirect emissions’ to refer specifically to those greenhouse gas emissions 
which arise from the breakdown of another substance in the environment. This is in contrast to the use of the term in this report, which specifically refers to 
energy-related CO2 emissions associated with Life Cycle Assessment (LCA) approaches such as Total Equivalent Warming Impact (TEWI) or Life Cycle Climate 
Performance (LCCP).

are covered under the UNFCCC and its Kyoto Protocol. 
Options chosen to protect the ozone layer could influence 
climate change. Climate change may also indirectly influence 
the ozone layer.

This report considers the effects of total emissions of ODSs 
and their substitutes on the climate system and the ozone 
layer. In particular, this provides a context for understanding 
how replacement options could affect global warming. The 
report does not attempt to cover comprehensively the effect of 
replacement options on the ozone layer.

The report considers, by sector, options for reducing 
halocarbon emissions, options involving alternative 
substances, and technologies, to address greenhouse gas 
emissions reduction. It considers HFC and PFC emissions 
insofar as these relate to replacement of ODSs. HFC and 
PFC emissions from aluminum or semiconductor production 
or other sectors are not covered.

The major application sectors using ODSs and their HFC/
PFC substitutes include refrigeration, air conditioning, foams, 
aerosols, fire protection and solvents. Emissions of these 
substances originate from manufacture and any unintended 
byproduct releases, intentionally emissive applications, 
evaporation and leakage from banks contained in equipment 
and products during use, testing and maintenance, and end-
of-life practices.

With regard to specific emission reduction options, the 
report generally limits its coverage to the period up to 2015, 
for which reliable literature is available on replacement 
options with significant market potential for these rapidly 
evolving sectors. Technical performance, potential assessment 
methodologies and indirect emissions6 related to energy use 
are considered, as well as costs, human health and safety, 
implications for air quality, and future availability issues.
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5Summary for Policymakers

Figure SPM-2. Direct and indirect radiative forcing (RF) due to 
changes in halocarbons from 1750 to 2000.9 Error bars denote ±2 
standard-deviation uncertainties. [Based on Table 1.1]

7  Radiative forcing is a measure of the influence a factor has in altering the balance of incoming and outgoing energy in the Earth-atmosphere system, and is 
an index of the importance of the factor as a potential climate change mechanism. It is expressed in watts per square meter (W m–2). A greenhouse gas causes 
direct radiative forcing through absorption and emission of radiation and may cause indirect radiative forcing through chemical interactions that influence other 
greenhouse gases or particles. 
8  Numbers in square brackets indicate the sections in the main report where the underlying material and references for the paragraph can be found.
9  PFCs used as substitutes for ODSs make only a small contribution to the total PFC radiative forcing.
10 In this Summary for Policymakers, the following words have been used where appropriate to indicate judgmental estimates of confidence: very likely (90–99% 
chance); likely (66–90% chance); unlikely (10–33% chance); and very unlikely (1–10% chance).

2.1 What are the past and present effects of 
ODSs and their substitutes on the Earth’s 
climate and the ozone layer?

Halocarbons, and in particular ODSs, have contributed to 
positive direct radiative forcing7 and associated increases 
in global average surface temperature (see Figure SPM-
2). The total positive direct radiative forcing due to 
increases in industrially produced ODS and non-ODS 
halocarbons from 1750 to 2000 is estimated to be 0.33 
± 0.03 W m–2, representing about 13% of the total due 
to increases in all well-mixed greenhouse gases over that 
period. Most halocarbon increases have occurred in recent 
decades. Atmospheric concentrations of CFCs were stable 
or decreasing in the period 2001–2003 (0 to –3% per year, 
depending on the specific gas) while the halons and the 
substitute hydrochlorofluorocarbons (HCFCs) and HFCs 
increased (+1 to +3% per year, +3 to +7% per year, and +13 
to +17% per year, respectively). [1.1, 1.2, 1.5 and 2.3]8

Stratospheric ozone depletion observed since 1970 is 
caused primarily by increases in concentrations of reactive 
chlorine and bromine compounds that are produced by 
degradation of anthropogenic ODSs, including halons, 
CFCs, HCFCs, methyl chloroform (CH3CCl3), carbon 
tetrachloride (CCl4) and methyl bromide (CH3Br). [1.3 
and 1.4]

Ozone depletion produces a negative radiative forcing 
of climate, which is an indirect cooling effect of the 
ODSs (see Figure SPM-2). Changes in ozone are believed 
to currently contribute a globally averaged radiative forcing 
of about –0.15 ± 0.10 W m–2. The large uncertainty in the 
indirect radiative forcing of ODSs arises mainly because of 
uncertainties in the detailed vertical distribution of ozone 
depletion. This negative radiative forcing is very likely10 to be 
smaller than the positive direct radiative forcing due to ODSs 
alone (0.32 ± 0.03 W m–2). [1.1, 1.2 and 1.5]

Warming due to ODSs and cooling associated with ozone 
depletion are two distinct climate forcing mechanisms 
that do not simply offset one another. The spatial and 
seasonal distributions of the cooling effect of ozone depletion 
differ from those of the warming effect. A limited number of 
global climate modelling and statistical studies suggest that 
ozone depletion is one mechanism that may affect patterns 
of climate variability which are important for tropospheric 
circulation and temperatures in both hemispheres. However, 
observed changes in these patterns of variability cannot be 
unambiguously attributed to ozone depletion. [1.3 and 1.5]

2. Halocarbons, ozone depletion and climate change
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6 Summary for Policymakers

Figure SPM-3. Observed and modelled low- and mid-latitude 
(60ºS–60ºN) column ozone amounts as percent deviations from the 
1980 values. [Box 1.7]

11 GWPs are indices comparing the climate impact of a pulse emission of a greenhouse gas relative to that of emitting the same amount of CO2, integrated over a 
fixed time horizon.

Each type of gas has had different greenhouse warming 
and ozone depletion effects (see Figure SPM-2) depending 
mainly on its historic emissions, effectiveness as a 
greenhouse gas, lifetime and the amount of chlorine and/
or bromine in each molecule. Bromine-containing gases 
currently contribute much more to cooling than to warming, 
whereas CFCs and HCFCs contribute more to warming than 
to cooling. HFCs and PFCs contribute only to warming. [1.5 
and 2.5]

2.2 How does the phase-out of ODSs affect 
efforts to address climate change and 
ozone depletion?

Actions taken under the Montreal Protocol have led to 
the replacement of CFCs with HCFCs, HFCs, and other 
substances and processes. Because replacement species 
generally have lower global warming potentials11 (GWPs), 
and because total halocarbon emissions have decreased, 
their combined CO2-equivalent (direct GWP-weighted) 
emission has been reduced. The combined CO2-equivalent 
emissions of CFCs, HCFCs and HFCs derived from 
atmospheric observations decreased from about 7.5 ± 0.4 
GtCO2-eq per year around 1990 to 2.5 ± 0.2 GtCO2-eq 
per year around 2000, equivalent to about 33% and 10%, 
respectively, of the annual CO2 emissions due to global fossil 
fuel burning. Stratospheric chlorine levels have approximately 
stabilized and may have already started to decline. [1.2, 2.3 
and 2.5]

Ammonia and those hydrocarbons (HCs) used as 
halocarbon substitutes have atmospheric lifetimes ranging 
from days to months, and the direct and indirect radiative 
forcings associated with their use as substitutes are very 
likely to have a negligible effect on global climate. Changes 
in energy-related emissions associated with their use may 
also need to be considered. (See Section 4 for treatment of 
comprehensive assessment of ODS replacement options.) 
[2.5]

Based on the Business-As-Usual scenario developed in 
this report, the estimated direct radiative forcing of HFCs 
in 2015 is about 0.030 W m–2; based on scenarios from 
the IPCC Special Report on Emission Scenarios (SRES), 
the radiative forcing of PFCs9 in 2015 is about 0.006  
W m–2. Those HFC and PFC radiative forcings correspond to 
about 1.0% and 0.2%, respectively, of the estimated radiative 
forcing of all well-mixed greenhouse gases in 2015, with the 
contribution of ODSs being about 10%. While this report 
particularly focused on scenarios for the period up to 2015, 
for the period beyond 2015 the IPCC SRES scenarios were 
considered but were not re-assessed. These SRES scenarios 
project significant growth in radiative forcing from HFCs 
over the following decades, but the estimates are likely to be 
very uncertain due to growing uncertainties in technological 
practices and policies. [1.5, 2.5 and 11.5]

Observations and model calculations suggest that the 
global average amount of ozone depletion has now 
approximately stabilized (for example, see Figure 
SPM-3). Although considerable variability in ozone is 
expected from year to year, including in polar regions 
where depletion is largest, the ozone layer is expected to 
begin to recover in coming decades due to declining ODS 
concentrations, assuming full compliance with the Montreal 
Protocol. [1.2 and 1.4]
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Over the long term, projected increases in other 
greenhouse gases could increasingly influence the 
ozone layer by cooling the stratosphere and changing 
stratospheric circulation. As a result of the cooling effect and 
of reducing ODS concentrations, ozone is likely to increase 
over much of the stratosphere, but could decrease in some 
regions, including the Arctic. However, the effects of changes 
in atmospheric circulation associated with climate change 
could be larger than these factors, and the net impact on 
total ozone due to increases in atmospheric concentrations 
of greenhouse gases is currently uncertain in both magnitude 
and sign. Based on current models an Arctic ‘ozone hole’ 
similar to that presently observed over the Antarctic is very 
unlikely to occur. [1.4]

The relative future warming and cooling effects of 
emissions of CFCs, HCFCs, HFCs, PFCs and halons 
vary with gas lifetimes, chemical properties and time of 
emission (see Table SPM-1). The atmospheric lifetimes 
range from about a year to two decades for most HFCs and 
HCFCs, decades to centuries for some HFCs and most 
halons and CFCs, and 1000 to 50,000 years for PFCs. 
Direct GWPs for halocarbons range from 5 to over 10,000. 
ODS indirect cooling is projected to cease upon ozone layer 
recovery, so that GWPs associated with the indirect cooling 
effect depend on the year of emission, compliance with the 
Montreal Protocol and gas lifetimes. These indirect GWPs are 
subject to much greater uncertainties than direct GWPs. [1.5, 
2.2 and 2.5]

2.3 What are the implications of substitu-
tion of ODSs for air quality and 
other environmental issues relating to 
atmospheric chemistry?

Substitution for ODSs in air conditioning, refrigeration, 
and foam blowing by HFCs, PFCs, and other gases such as 
hydrocarbons are not expected to have a significant effect 
on global tropospheric chemistry. Small but not negligible 
impacts on air quality could occur near localized emission 
sources and such impacts may be of some concern, for 
instance in areas that currently fail to meet local standards. 
[2.4 and 2.6]

Persistent degradation products (such as trifluoroacetic 
acid, TFA) of HFCs and HCFCs are removed from 
the atmosphere via deposition and washout processes. 
However, existing environmental risk assessment and 
monitoring studies indicate that these are not expected to 
result in environmental concentrations capable of causing 
significant ecosystem damage. Measurements of TFA in 
sea water indicate that the anthropogenic sources of TFA are 
smaller than natural sources, but the natural sources are not 
fully identified. [2.4]
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8 Summary for Policymakers

Table SPM-1. GWPs of halocarbons commonly reported under the Montreal Protocol and the UNFCCC and its Kyoto Protocol and assessed 
in this report relative to CO2, for a 100-year time horizon, together with their lifetimes and GWPs used for reporting under the UNFCCC. 
Gases shown in blue (darker shading) are covered under the Montreal Protocol and gases shown in yellow (lighter shading) are covered under the 
UNFCCC. [Tables 2.6 and 2.7]

Gas
GWP for direct radiative 

forcinga
GWP for indirect radiative forcing

(Emission in 2005b)
Lifetime
(years)

UNFCCC 
Reporting GWPc

CFCs
CFC-12  10,720 ± 3750  –1920 ± 1630 100 n.a.d

CFC-114  9880 ± 3460      Not available 300 n.a.d

CFC-115  7250 ± 2540      Not available 1700 n.a.d

CFC-113  6030 ± 2110  –2250 ± 1890 85 n.a.d

CFC-11  4680 ± 1640  –3420 ± 2710 45 n.a.d

HCFCs
HCFC-142b  2270 ± 800  –337 ± 237 17.9 n.a.d

HCFC-22  1780 ± 620  –269 ± 183 12 n.a.d

HCFC-141b  713 ± 250  –631 ± 424 9.3 n.a.d

HCFC-124  599 ± 210  –114 ± 76 5.8 n.a.d

HCFC-225cb  586 ± 205  –148 ± 98 5.8 n.a.d

HCFC-225ca  120 ± 42  –91 ± 60 1.9 n.a.d

HCFC-123  76 ± 27  –82 ± 55 1.3 n.a.d

HFCs
HFC-23  14,310 ± 5000 ~0 270 11,700
HFC-143a  4400 ± 1540 ~0 52 3800
HFC-125  3450 ± 1210 ~0 29 2800
HFC-227ea  3140 ± 1100 ~0 34.2 2900
HFC-43-10mee  1610 ±  560 ~0 15.9 1300
HFC-134a  1410 ± 490 ~0 14 1300
HFC-245fa  1020 ±  360 ~0 7.6 –e

HFC-365mfc  782 ±  270 ~0 8.6 –e

HFC-32  670 ± 240 ~0 4.9 650
HFC-152a  122 ± 43 ~0 1.4 140

PFCs
C2F6  12,010 ± 4200 ~0 10,000 9200
C6F14  9140 ± 3200 ~0 3200 7400
CF4  5820 ± 2040 ~0 50,000 6500

Halons
Halon-1301  7030 ± 2460  –32,900 ± 27,100 65 n.a.d

Halon-1211  1860 ± 650  –28,200 ± 19,600 16 n.a.d

Halon-2402  1620 ± 570  –43,100 ± 30,800 20 n.a.d

Other Halocarbons
Carbon tetrachloride (CCl4)  1380 ± 480  –3330 ± 2460 26 n.a.d

Methyl chloroform (CH3CCl3)  144 ± 50  –610 ± 407 5.0 n.a.d

Methyl bromide (CH3Br)  5 ± 2  –1610 ± 1070 0.7 n.a.d

a Uncertainties in GWPs for direct positive radiative forcing are taken to be ±35% (2 standard deviations) (IPCC, 2001). 
b Uncertainties in GWPs for indirect negative radiative forcing consider estimated uncertainty in the time of recovery of the ozone layer as well as uncertainty in the 
negative radiative forcing due to ozone depletion.
c The UNFCCC reporting guidelines use GWP values from the IPCC Second Assessment Report (see FCCC/SBSTA/2004/8, http://unfccc.int/resource/docs/2004/
sbsta/08.pdf ).
d ODSs are not covered under the UNFCCC.
e The IPCC Second Assessment Report does not contain GWP values for HFC-245fa and HFC-365mfc. However, the UNFCCC reporting guidelines contain 
provisions relating to the reporting of emissions from all greenhouse gases for which IPCC-assessed GWP values exist.
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9Summary for Policymakers

12 Greenhouse gas (GHG) emissions and banks expressed in terms of CO2-equivalents use GWPs for direct radiative forcing for a 100-year time horizon. Unless 
stated otherwise, the most recent scientific values for the GWPs are used, as assessed in this report and as presented in Table SPM-1 (Column for ‘GWP for direct 
radiative forcing’).
13 Halons cause much larger negative indirect than positive direct radiative forcing and, in the interest of clarity, their effects are not given here.
14 In the BAU projections, it is assumed that all existing measures continue, including Montreal Protocol (phase-out) and relevant national policies. The current 
trends in practices, penetration of alternatives, and emission factors are maintained up to 2015. End-of-life recovery efficiency is assumed not to increase.
15 In this Summary for Policymakers the ‘refrigeration’ sector comprises domestic, commercial, industrial (including food processing and cold storage) and transpor-
tation refrigeration. [4] ‘Stationary air conditioning (SAC)’ comprises residential and commercial air conditioning and heating. [5] ‘Mobile air conditioning (MAC)’ 
applies to cars, buses and passenger compartments of trucks.

3.1 How are production, banks and 
emissions related in any particular year?

Current emissions of ODSs and their substitutes are 
largely determined by historic use patterns. For CFCs and 
HCFCs, a significant contribution (now and in coming 
decades) comes from their respective banks. There are no 
regulatory obligations to restrict these CFC and HCFC 
emissions either under the Montreal Protocol or the 
UNFCCC and its Kyoto Protocol, although some countries 
have effective national policies for this purpose.

Banks are the total amount of substances contained in existing 
equipment, chemical stockpiles, foams and other products not 
yet released to the atmosphere (see Figure SPM-1). The build-
up of banks of (relatively) new applications of HFCs will – in 
the absence of additional bank management measures – also 
significantly determine post 2015 emissions.

3.2 What can observations of atmospheric 
concentrations tell us about banks and 
emissions?

Observations of atmospheric concentrations, combined 
with production and use pattern data, can indicate the 
significance of banks, but not their exact sizes. 
The most accurate estimates of emissions of CFC-11 and 
CFC-12 are derived from observations of atmospheric 
concentrations. Those emissions are now larger than estimated 
releases related to current production, indicating that a 
substantial fraction of these emissions come from banks built 
up through past production. Observations of atmospheric 
concentrations show that global emissions of HFC-134a are 
presently smaller than reported production, implying that 
this bank is growing. The total global amount of HFC-134a 
currently in the atmosphere is believed to be about equal to 
the amount in banks. [2.5 and 11.3.4]

In the case of CFC-11 and some other gases, the lack of 
information on use patterns makes it difficult to assess the 
contribution to observed emissions from current production 
and use. Further work in this area is required to clarify the 
sources.

3.3  How are estimated banks and emissions 
projected to develop in the period 2002 
to 2015?

Banks of CFCs, HCFCs, HFCs and PFCs were estimated 
at about 21 GtCO2-eq in 200212,13. In a Business-As-Usual 
(BAU) scenario, banks are projected to decline to about 18 
GtCO2-eq in 201514. [7, 11.3 and 11.5]

In 2002, CFC, HCFC and HFC banks were about 16, 4   
and 1 GtCO2-eq (direct GWP weighted), respectively (see 
Figure SPM-4). In 2015, the banks are about 8, 5 and 5 
GtCO2-eq, respectively, in the BAU scenario. Banks of PFCs 
used as ODS replacements were about 0.005 GtCO2-eq in 
2002.

CFC banks associated with refrigeration, stationary air-
conditioning (SAC)15 and mobile air-conditioning (MAC) 
equipment are projected to decrease from about 6 to 1 
GtCO2-eq over the period 2002 to 2015, mainly due to 
release to the atmosphere and partly due to end-of-life 
recovery and destruction. CFC banks in foams are projected 
to decrease much more slowly over the same period (from 
10 to 7 GtCO2-eq), reflecting the much slower release of 
banked blowing agents from foams when compared with 
similarly sized banks of refrigerant in the refrigeration and air-
conditioning sector. 

HFC banks have started to build up and are projected to 
reach about 5 GtCO2-eq in 2015. Of these, HFCs banked 
in foams represent only 0.6 GtCO2-eq, but are projected to 
increase further after 2015.

3. Production, banks and emissions
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10 Summary for Policymakers

Figure SPM-4. Historic data for 2002 and Business-As-Usual (BAU) projections for 2015 of greenhouse gas CO2-equivalent banks (left) and 
direct annual emissions (right), related to the use of CFCs, HCFCs and HFCs. Breakdown per group of greenhouse gases (top) and per emission 
sector (bottom). ‘Other’ includes Medical Aerosols, Fire Protection, Non-Medical Aerosols and Solvents. [11.3 and 11.5] 
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16 For these emission values the most recent scientific values for GWPs are used (see Table SPM-1, second column, ‘GWP for direct radiative forcing’). If the 
UNFCCC GWPs would be used (Table SPM-1, last column, ‘UNFCCC Reporting GWP’), reported HFC emissions (expressed in tonnes of CO2-eq) would be 
about 15% lower.

In the BAU scenario, total direct emissions of CFCs, 
HCFCs, HFCs and PFCs are projected to represent about 
2.3 GtCO2-eq per year by 2015 (as compared to about 2.5 
GtCO2-eq per year in 2002). CFC and HCFC emissions 
are together decreasing from 2.1 (2002) to 1.2 GtCO2-eq 
per year (2015), and emissions of HFCs are increasing 
from 0.4 (2002) to 1.2 GtCO2-eq per year (2015)16. 
PFC emissions from ODS substitute use are about 0.001 
GtCO2-eq per year (2002) and projected to decrease. [11.3 
and 11.5]

Figure SPM-4 shows the relative contribution of sectors 
to global direct greenhouse gas (GHG) emissions that are 
related to the use of ODSs and their substitutes. Refrigeration 
applications together with SAC and MAC contribute the 
bulk of global direct GHG emissions in line with the higher 
emission rates associated with refrigerant banks. The largest 
part of GHG emissions from foams is expected to occur after 
2015 because most releases occur at end-of-life.

With little new production, total CFC banks will decrease 
due to release to the atmosphere during operation and 
disposal. In the absence of additional measures a significant 
part of the CFC banks will have been emitted by 2015. 
Consequently, annual CFC emissions are projected to 
decrease from 1.7 (2002) to 0.3 GtCO2-eq per year (2015).

HCFC emissions are projected to increase from 0.4 (2002) 
to 0.8 GtCO2-eq per year (2015), owing to a steep increase 
expected for their use in (commercial) refrigeration and SAC 
applications. 

The projected threefold increase in HFC emissions is the 
result of increased application of HFCs in the refrigeration, 
SAC and MAC sectors, and due to byproduct emissions of 
HFC-23 from increased HCFC-22 production (from 195 
MtCO2-eq per year in 2002 to 330 MtCO2-eq per year in 
2015 BAU). 

Uncertainties in emission estimates are significant. 
Comparison of results of atmospheric measurements with 
inventory calculations shows differences per group of 
substances in the order of 10 to 25%. For individual gases the 
differences can be much bigger. This is caused by unidentified 
emissive applications of some substances, not accounted for in 
inventory calculations, and uncertainties in the geographically 
distributed datasets of equipment in use. [11.3.4]

The literature does not allow for an estimate of overall 
indirect6 GHG emissions related to energy consumption. 
For individual applications, the relevance of indirect 
GHG emissions over a life cycle can range from low to 
high, and for certain applications may be up to an order 
of magnitude larger than direct GHG emissions. This 
is highly dependent on the specific sector and product/
application characteristics, the carbon-intensity of the 
consumed electricity and fuels during the complete life cycle 
of the application, containment during the use-phase, and the 
end-of-life treatment of the banked substances. [3.2, 4 and 5]

IPCC Boek (dik).indb   11 15-08-2005   10:51:25
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17 Not-in-kind technologies achieve the same product objective without the use of halocarbons, typically with an alternative approach or unconventional technique. 
Examples include the use of stick or spray pump deodorants to replace CFC-12 aerosol deodorants; the use of mineral wool to replace CFC, HFC or HCFC 
insulating foam; and the use of dry powder inhalers (DPIs) to replace CFC or HFC metered dose inhalers (MDIs).
18 Comprehensive methods, e.g. Life Cycle Assessment (LCA), cover all phases of the life cycle for a number of environmental impact categories. The respective 
methodologies are detailed in international ISO standards ISO 14040:1997, ISO 14041:1998, ISO 14042:2000, and ISO 14043:2000. 
19 Typical simplified methods include Total Equivalent Warming Impact (TEWI), which assesses direct and indirect greenhouse emissions connected only with the 
use-phase and disposal; and Life Cycle Climate Performance (LCCP), which also includes direct and indirect greenhouse emissions from the manufacture of the 
active substances.
20 For this Report, best practice is considered the lowest achievable value of halocarbon emission at a given date, using commercially proven technologies in the 
production, use, substitution, recovery and destruction of halocarbon or halocarbon-based products (for specific numbers, see Table TS-6).
21 For comparison, CO2 emissions related to fossil fuel combustion and cement production were about 24 GtCO2 per year in 2000.
22 The Mitigation Scenario used in this Report, projects the future up to 2015 for the reduction of halocarbon emissions, based on regionally differentiated 
assumptions of best practices.

4.1 What major opportunities have been 
identified for reductions of greenhouse 
gas emissions and how can they be 
assessed?

Reductions in direct GHG emissions are available for 
all sectors discussed in this report and can be achieved 
through:
• improved containment of substances;
• reduced charge of substances in equipment; 
• end-of-life recovery and recycling or destruction of 

substances; 
• increased use of alternative substances with a reduced or 

negligible global warming potential; and
• not-in-kind technologies17.

A comprehensive assessment would cover both direct 
emissions and indirect energy-related emissions, full life-
cycle aspects, as well as health, safety and environmental 
considerations. However, due to limited availability 
of published data and comparative analyses, such 
comprehensive assessments are currently almost absent. 

Methods for determining which technology option has 
the highest GHG emission reduction potential address 
both direct emissions of halocarbons or substitutes and 
indirect energy-related emissions over the full life cycle. In 
addition, comprehensive methods18 assess a wide range of 
environmental impacts. Other, simplified methods19 exist 
to assess life-cycle impacts and commonly provide useful 
indicators for life-cycle greenhouse gas emissions of an 
application. Relatively few transparent comparisons applying 
these methods have been published. The conclusions from 
these comparisons are sensitive to assumptions about 
application-specific, and often region- and time-specific 

parameters (e.g., site-specific situation, prevailing climate, 
energy system characteristics). [3.5]

Comparative economic analyses are important to identify 
cost-effective reduction options. However, they require a 
common set of methods and assumptions (e.g., costing 
methodology, time-frame, discount rate, future economic 
conditions, system boundaries). The development of 
simplified standardized methodologies would enable better 
comparisons in the future. [3.3]

The risks of health and safety impacts can be assessed in most 
cases using standardized methods. [3.4 and 3.5] 

GHG emissions related to energy consumption can be 
significant over the lifetime of appliances considered in 
this report. Energy efficiency improvements can thus lead 
to reductions in indirect emissions from these appliances, 
depending on the particular energy source used and 
other circumstances, and produce net cost reductions, 
particularly where the use-phase of the application is long 
(e.g., in refrigeration and SAC).
The assessed literature did not allow for a global estimate 
of this reduction potential, although several case studies at 
technology and country level illustrate this point.

Through application of current best practices20 and 
recovery methods, there is potential to halve (1.2  
GtCO2-eq per year reduction) the BAU direct emissions 
from ODSs and their GHG substitutes by 201521. About 
60% of this potential concerns HFC emissions, 30% 
HCFCs and 10% CFCs. 
The estimates are based on a Mitigation Scenario22 which 
makes regionally differentiated assumptions on best practices in 
production, use, substitution, recovery and destruction of these 
substances. Sectoral contributions are shown in Figure SPM-5. 
[11.5]

4. Options for ODS phase-out and reducing greenhouse 
gas emissions
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23 The presented cost data concern direct emission reductions only. Taking into account energy efficiency improvements may result in even net negative specific costs 
(savings).
24 Costs in this report are given in 2002 US dollars unless otherwise stated.

Of the bank-related emissions that can be prevented in the 
period until 2015, the bulk is in refrigerant-based applications 
where business-as-usual emission rates are considerably more 
significant than they are for foams during the period in 
question. With earlier action, such as recovery/destruction 
and improved containment, more of the emissions from CFC 
banks can be captured.

4.2 What are the sectoral emission 
reduction potentials in 2015 and what 
are associated costs?

In refrigeration applications direct GHG emissions can 
be reduced by 10% to 30%. For the refrigeration sector as 
a whole, the Mitigation Scenario shows an overall direct 
emission reduction of about 490 MtCO2-eq per year by 
2015, with about 400 MtCO2-eq per year predicted for 
commercial refrigeration. Specific costs are in the range 
of 10 to 300 US$/tCO2-eq23,24. Improved system energy 
efficiencies can also significantly reduce indirect GHG 
emissions.

In full supermarket systems, up to 60% lower LCCP19 values 
can be obtained by using alternative refrigerants, improved 
containment, distributed systems, indirect systems or cascade 
systems. Refrigerant specific emission abatement costs range 
for the commercial refrigeration sector from 20 to 280 US$/
tCO2-eq.

In food processing, cold storage and industrial refrigeration, 
ammonia is forecast for increased use in the future, with 
HFCs replacing HCFC-22 and CFCs. Industrial refrigeration 
refrigerant specific emissions abatement costs were determined 
to be in the range from 27 to 37 US/tCO2-eq. In transport 
refrigeration, lower GWP alternatives, such as ammonia, 
hydrocarbons and ammonia/carbon dioxide have been 
commercialized.

The emission reduction potential in domestic refrigeration 
is relatively small, with specific costs in the range of 0 to 
130 US$/tCO2-eq. Indirect emissions of systems using 
either HFC-134a or HC-600a (isobutane) dominate total 
emissions, for different carbon intensities of electric power 
generation. The difference between the LCCP19 of HFC-134a 
and isobutane systems is small and end-of-life recovery, at a 

Figure SPM-5. Sectoral reduction potentials 
for direct emissions of CFCs, HCFCs and 
HFCs in 2015 as compared to the BAU 
projections. The overall reduction potential 
is about half (1.2 GtCO2-eq per year) of the 
BAU direct GHG emissions.
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certain cost increase, can further reduce the magnitude of the 
difference. [4]

Direct GHG emissions of residential and commercial air-
conditioning and heating equipment (SAC) can be reduced 
by about 200 MtCO2-eq per year by 2015 relative to the 
BAU scenario. Specific costs range from –3 to 170 US$/
tCO2-eq23. When combined with improvements in system 
energy efficiencies, which reduce indirect GHG emissions, 
in many cases net financial benefits accrue. Opportunities 
to reduce direct GHG (i.e., refrigerant) emissions can be 
found in (i) more efficient recovery of refrigerant at end-
of-life (in the Mitigation Scenario assumed to be 50% and 
80% for developing and developed countries, respectively); 
(ii) refrigerant charge reduction (up to 20%); (iii) better 
containment and (iv) the use of refrigerants with reduced or 
negligible GWPs in suitable applications. 

Improving the integrity of the building envelope (reduced 
heat gain or loss) can have a significant impact on indirect 
emissions. 

HFC mixtures and hydrocarbons (HCs) (for small systems) 
are used as alternatives for HCFC-22 in developed countries. 
For those applications where HCs can be safely applied, the 
energy efficiency is comparable to fluorocarbon refrigerants. 
Future technical developments could reduce refrigerant 
charge, expanding the applicability of HCs. [5]

In mobile air conditioning, a reduction potential of 180 
MtCO2-eq per year by 2015 could be achieved at a cost of 
20 to 250 US$/tCO2-eq23. Specific costs differ per region 
and per solution. 
Improved containment, and end-of-life recovery (both of 
CFC-12 and HFC-134a) and recycling (of HFC-134a) could 
reduce direct GHG emissions by up to 50%, and total (direct 
and indirect) GHG emissions of the MAC unit by 30 to 40% 
at a financial benefit to vehicle owners. New systems with 
either CO2 or HFC-152a, with equivalent LCCP, are likely 
to enter the market, leading to total GHG system emission 
reductions estimated at 50 to 70% in 2015 at an estimated 
added specific cost of 50 to 180 US$ per vehicle.

Hydrocarbons and hydrocarbon blends, which have been used 
to a limited extent, present suitable thermodynamic properties 
and permit high energy efficiency. However, the safety and 
liability concerns identified by vehicle manufacturers and 
suppliers limit the possible use of hydrocarbons in new 
vehicles. [6.4.4]

Due to the long life-span of most foam applications, by 
2015 a limited emission reduction of 15 to 20 MtCO2-eq 
per year is projected at specific costs ranging from 10 to 
100 US$/tCO2-eq23. The potential for emission reduction 

increases in following decades. 
Several short-term emission reduction steps, such as the 
planned elimination of HFC use in emissive one-component 
foams in Europe, are already in progress and are considered as 
part of the BAU. Two further key areas of potential emission 
reduction exist in the foams sector. The first is a potential 
reduction in halocarbon use in newly manufactured foams. 
However, the enhanced use of blends and the further phase-
out of fluorocarbon use both depend on further technology 
development and market acceptance. Actions to reduce 
HFC use by 50% between 2010 and 2015, would result 
in emission reduction of about 10 MtCO2-eq per year, at 
a specific cost of 15 to 100 US$/tCO2-eq, with further 
reductions thereafter23. 

The second opportunity for emission reduction can be 
found in the worldwide banks of halocarbons contained in 
insulating foams in existing buildings and appliances (about 
9 and 1 GtCO2-eq for CFC and HCFC, respectively in 
2002). Although recovery effectiveness is yet to be proven, 
and there is little experience to date, particularly in the 
buildings sector, commercial operations are already recovering 
halocarbons from appliances at 10 to 50 US$/tCO2-eq23. 
Emission reductions may be about 7 MtCO2-eq per year in 
2015. However, this potential could increase significantly in 
the period between 2030 and 2050, when large quantities of 
building insulation foams will be decommissioned. [7]

The reduction potential for medical aerosols is limited due 
to medical constraints, the relatively low emission level and 
the higher costs of alternatives. The major contribution (14 
MtCO2-eq per year by 2015 compared to a BAU emission 
of 40 MtCO2-eq per year) to a reduction of GHG emissions 
for metered dose inhalers (MDIs) would be the completion 
of the transition from CFC to HFC MDIs beyond what was 
already assumed as BAU. The health and safety of the patient 
is considered to be of paramount importance in treatment 
decisions, and there are significant medical constraints to limit 
the use of HFC MDIs. If salbutamol MDIs (approximately 
50% of total MDIs) would be replaced by dry powder 
inhalers (which is not assumed in the Mitigation Scenario) 
this would result in an annual emission reduction of about 10 
MtCO2-eq per year by 2015 at projected costs in the range of 
150 to 300 US$/tCO2-eq. [8]

In fire protection, the reduction potential by 2015 is small 
due to the relatively low emission level, the significant 
shifts to not-in-kind alternatives in the past and the 
lengthy procedures for introducing new equipment.
Direct GHG emissions for the sector are estimated at about 
5 MtCO2-eq per year in 2015 (BAU). Seventy five percent of 
original halon use has been shifted to agents with no climate 
impact. Four percent of the original halon applications 
continue to employ halons. The remaining 21% has been 
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shifted to HFCs with a small number of applications shifted 
to HCFCs and to PFCs. PFCs are no longer needed for new 
fixed systems and are limited to use as a propellant in one 
manufacturer’s portable extinguisher agent blend. Due to the 
lengthy process of testing, approval and market acceptance of 
new fire protection equipment types and agents, no additional 
options will likely have appreciable impact by 2015. With 
the introduction of a fluoroketone (FK) in 2002, additional 
reductions at an increased cost are possible in this sector 
through 2015. Currently those reductions are estimated to be 
small compared to other sectors. [9]

For non-medical aerosols and solvents there are several 
reduction opportunities, but the reduction potentials are 
likely to be rather small because most remaining uses 
are critical to performance or safety. The projected BAU 
emissions by 2015 for solvents and aerosols are about 14 and 
23 MtCO2-eq per year, respectively. Substitution of HFC-
134a by HFC-152a in technical aerosol dusters is a leading 
option for reducing GHG emissions. For contact cleaners 
and plastic casting mould release agents, the substitution of 
HCFCs by hydrofluoroethers (HFEs) and HFCs with lower 
GWPs offers an opportunity. Some countries have banned 
HFC use in cosmetic, convenience and novelty aerosol 
products, although HFC-134a continues to be used in many 
countries for safety reasons.

A variety of organic solvents can replace HFCs, PFCs and 
ODSs in many applications. These alternative fluids include 
lower GWP compounds such as traditional chlorinated 
solvents, HFEs, HCs and oxygenated solvents. Many not-in-
kind technologies, including no-clean and aqueous cleaning 
processes, are also viable alternatives. [10]

Destruction of byproduct emissions of HFC-23 from 
HCFC-22 production has a reduction potential of up to 
300 MtCO2-eq per year by 2015 and specific costs below 
0.2 US$/tCO2-eq according to two European studies in 
2000.
Reduction of HCFC-22 production due to market forces 
or national policies, or improvements in facility design and 
construction also could reduce HFC-23 emissions. [10.4]

4.3 What are the current policies, measures 
and instruments?

A variety of policies, measures and instruments have been 
implemented in reducing the use or emissions of ODSs 
and their substitutes, such as HFCs and PFCs. These 
include regulations, economic instruments, voluntary 
agreements and international cooperation. Furthermore, 
general energy or climate policies affect the indirect GHG 

emissions of applications with ODSs, their substitutes, or 
not-in-kind alternatives. 

This report contains information on policies and approaches 
in place in some countries (mainly developed) for reducing 
the use or emissions of ODSs and their substitutes. Those 
relevant policies and approaches include:
• Regulations (e.g., performance standards, certification, 

restrictions, end-of-life management)
• Economic instruments (e.g., taxation, emissions trading, 

financial incentives and deposit refunds)
• Voluntary agreements (e.g., voluntary reductions in use 

and emissions, industry partnerships and implementation 
of good practice guidelines)

• International cooperation (e.g., Clean Development 
Mechanism)

It should be noted that policy considerations are dependent 
on specific applications, national circumstances and other 
factors.

4.4 What can be said about availability 
of HFCs/PFCs in the future for use in 
developing countries?

No published data are available to project future 
production capacity. However, as there are no technical 
or legal limits to HFC and PFC production, it can be 
assumed that the global production capacity will generally 
continue to satisfy or exceed demand. Future production 
is therefore estimated in this report by aggregating sectoral 
demand. 

In the BAU scenario, global production capacity is expected 
to expand with additions taking place mainly in developing 
countries and through joint ventures. Global production 
capacity of HFCs and PFCs most often exceeds current 
demand. There are a number of HFC-134a plants in 
developed countries and one plant in a developing country 
with others planned; the few plants for other HFCs are 
almost exclusively in developed countries. The proposed 
European Community phase-out of HFC-134a in mobile 
air conditioners in new cars and the industry voluntary 
programme to reduce their HFC-134a emissions by 50% will 
affect demand and production capacity and output. Rapidly 
expanding markets in developing countries, in particular 
for replacements for CFCs, is resulting in new capacity for 
fluorinated gases which is at present being satisfied through 
the expansion of HCFC-22 and 141b capacity. [11]
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