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F-gases 
 
A. Projected business as usual emissions for 2050 
 
Figures for BAU greenhouse gas emissions from f-gases are based on projections from the 
figures developed by EPA in their report on non-CO2 emissions1. Our post 2020 projections 
envisage a similar increase in emissions from 2020 onwards as the EPA estimated increase 
from 2010 to 2020. This gives the following numbers, in million tonnes CO2-e a year: 
 

Subsector 1990 2000 2010 2020 2030 2040 2050 

HFC  
(ODS substitutes) 

0 164 431 734 1,250 2,129 3,625 

HFC-23  
(HCFC-22) 

98 58 70 77 85 93 102 

SF6  
(electric power systems) 

77 96 118 138 161 189 221 

PFC  
(aluminium production) 

10 27 99 232 544 1,274 2,986 

HFC/PFC/SF6 

(manufacture of semi-
conductors) 

42 27 52 66 84 106 135 

SF6  
(magnesium 
manufacturing) 

12 9 12 18 22 34 51 

Totals 239 356 782 1,265 2,146 3,825 7,120 

 
However, all of the above figures regarding HFCs are in the process of being revised by 
NOAA and EPA. New, soon-to-be-published data indicate that the EPA 2006 projections are 
to be substantially increased. These new figures are currently being peer-reviewed and are 
scheduled to be published in March or April of 2009. Preliminary conclusions from these 
figures indicate that IPCC-TEAP and SRES scenarios underestimate 2007 HFC refrigeration 
and A/C emissions and that we should anticipate a larger-than-expected growth of HFCs in 
developing countries in the coming decades. 
 
Next to this, one needs to keep in mind that the above figures only refer to the emissions 
from the three f-gases covered by the Kyoto Protocol and do not take into account 
greenhouse gas emissions from CFCs and HCFCs.  
 
 

                                                 
1 EPA. 2006: Global Anthropogenic Non-CO2 Greenhouse Gas Emissions: 1990-2020. Unites States 

Environmental Protection Agency. June 2006. (www.epa.gov/climatechange/economics/international.html) 
 

http://www.epa.gov/climatechange/economics/international.html
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Including these emissions would lead to substantially different figures. For example, in 2002-2003, the 
combined emissions of halocarbons (CFCs, HCFCs and HFCs), with the contribution of CFCs and HCFCs 
recalculated as having been replaced by HFCs, amounted to 1.7 Mt CO2-e, equalling approximately 4% of 
global greenhouse gas emissions.2 In 2005 the combined accumulated f-gas concentration was responsible 
for about 17% of the total anthropogenic radiative forcing (i.e. direct global warming) of the planet.3 
 

B. Zero Emissions Pathway 
 
The Greenpeace Climate Vision's Zero Emissions Pathway for f-gas emissions builds further upon the 
Greenpeace call for a complete phase-out of HFCs and has two main strands: 
 
 a total phase-out of HFCs as a complement to the already agreed phase-out of HCFCs in the Montreal 

Protocol; 
 
 implementation of technological innovation to strongly reduce the production of f-gases as results of 

industrial processes, as identified in the EPA report on mitigation potential for non-CO2 emissions4. 
 
Phase out of f-gases 
 
There are technologically proven and commercially available technologies using natural refrigerants for most 
cooling applications. Natural refrigerants such as propane, propylene, ammonia and carbon dioxide have low 
global warming potentials. Typically, systems using natural refrigerants are equal to or more energy efficient 
than those using HFCs, and they are less expensive to operate. Alternatives to HFCs include natural 
refrigerants (CO2, hydrocarbons, ammonia, water); secondary cooling systems; desiccant cooling; 
evaporative cooling; absorption cooling and innovative building designs that eliminate the need for 
mechanical cooling5. Our zero emissions pathway is based on our demand for a total HFC phase-out before 
2050.  
 
A total phase-out of HFCs used for refrigeration, air conditioning, solvents, foams and fire 
extinguishing will bring emissions from this sub-sector down to zero thereby reducing 3,625 MtCO2 -
e/yr by 2050 as compared to the baseline emissions. 
 
Technological innovation 
 
By implementing the full economic potential of technological innovation as described in the EPA 
report, emissions from all non-ODS substitution subsectors can be reduced to 87 MtCO2 -e a year by 
2030. We assume this figure to be stable up to 2050.  
 
The following technologies to mitigate emissions have been identified: 
 
 Two options have been identified as technically viable measures to reduce HFC-23 emissions from 

HCFC-22 production: manufacturing process optimisation; and destruction of HFC-23 by thermal 
oxidation; 

 
 SF6 emissions during use of electrical equipment can occur either during the maintenance and disposal 

of equipment or during the operation of equipment because of the failure of mechanical seals or breaks i
gas-insulated equipment enclosures. There are three abatement options for reducing SF6 emissions from 
electric power systems: SF6 recycling; leak detection and repair (LDAR); and equipment refurbishment; 

 
 The most direct and cost-efficient method to reduce PFC emissions from aluminium production and 

improve process efficiency is to retrofit existing technology. Two types of retrofit options can be 

 
2 Öko-Recherche. 2005 “Fluorinated greenhouse gases in overall global warming emissions” 
 
3 IPCC.2007: Summary for Policy Makers. In: Climate Change 2007: The Physical Science Basis. Contribution of Working Group I to 

the Fourth Assessment Report of the Intergovernmental Panel on Climate Change  
 
4 EPA. 2006: Global Mitigation of non-CO2 Greenhouse Gases. United States Environmental Protection Agency. June 2006. 

(www.epa.gov/climatechange/economics/international.html) 
 
5 See, Greenpeace/EIA. 2008: Cool Technologies: Working Without HFCs: Part One. Greenpeace/Environmental Investigation 

Agency. April 2008; and: Greenpeace. 2008: Cool Technologies: working without HFCs: Part Two. April 2008. 
(www.greenpeace.org/raw/content/china/en/campaigns/stop-climate-change/climate-friendly-cooling/cool-technologies-part-1.pdf) 

http://www.epa.gov/climatechange/economics/international.html


 
 

 

 

implemented: installation or refinement of process computer control systems; and the installation or 
conversion to alumina point-feed systems. The installation of process computer controls can be 
considered a minor retrofit, whereas the installation of alumina point-feed systems can be considered a 
major retrofit;  

 
 There are six different emissions reduction technologies applicable to semi-conductor manufacturing: 

thermal destruction; catalytic decomposition; capture/recovery; plasma abatement; NF3 remote clean; 
C3F8 replacement;  

 
 Two potential abatement options are available for reducing SF6 emissions from magnesium production 

and processing operations: replacement with alternate cover gas—SO2; and replacement with alternate 
cover gas—fluorinated gases. 

 
Divided over the different subsectors, the following emission reductions can be achieved: 
 

Subsector 2050 BAU 2050 ZEP Reduction 

HFC-23  
(HCFC-22) 

102 8 -92% 

SF6  
(electric power systems) 

221 28 -87% 

PFC  
(aluminium production) 

2,986 38 -99% 

HFC/PFC/SF6 
(manufacture of semi-
conductors) 

135 13 -90% 

SF6  
(magnesium 
manufacturing) 

51 0 -100% 

Totals 3,495 87 -98% 

 

C. Reduction potential for f-gas emissions 
 
Based on the data provided by the 2006 USEPA study, the total mitigation potential of both strands would 
result in an emissions reduction potential of 7,033 MtCO2-e a year by 2050, as compared to BAU. This 
means emissions from f-gases can be reduced to 87 MtCO2 -e a year by 2050. This is a reduction of 99% 
compared to the projected 2050 BAU emissions and a reduction of 64% compared to the 1990 emissions 
from f-gases. 
 
However, as indicated above, more recent, soon-to-be-published data, indicate that the actual annual 
emissions reduction potential from an HFC phase-out will be significantly greater than indicated by the 2006 
EPA figures. 
 
 


