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10. F-gases 

Introduction and key messages 
 
Fluorinated gases (F-gas) are man-made gases that can stay in the atmosphere for 
centuries. Their emissions account for around 3% of total UK GHG emissions. Major 
emissions sources are refrigerants, aerosols, solvents, insulating gases, or blowing 
agents for foams and medical equipment. They can also arise as fugitive emissions 
from other manufacturing processes. Most of the emissions reduction to 2050 will 
be driven via F-Gas regulations, with further abatement possible through a faster 
shift to lower Global Warming Potential (GWP) F-gases, behavioural shifts to Dry 
Powder Inhalers (DPI) and reduced leakage.  
 
The evidence base on how to decarbonise F-gases builds on our 2019 Net Zero 
report, and in particular a 2019 report commissioned by the CCC from Ricardo and 
Gluckman Consulting on decarbonising the F-gases sector.  
 
This section is split into three sub-sections:  

a) The Balanced Net Zero pathway for F-gases  

b) Alternative routes to delivering abatement in the mid-2030s 

c) Impacts of the scenarios: costs, benefits and co-impacts on society 
 
a) The Balanced Net Zero pathway for F-gases 
 
F-gas emission levels were 15 MtCO2e in 2018, accounting for 3% of total UK GHG 
emissions (Figure 3.10). Emissions were 14% below 1990 levels and 40% below the 
peak in 1997.  
 
Approximately 95% of F-gas emissions are hydrofluorocarbons (HFCs) which are 
emitted from the production, use and manufacture of refrigeration and air-
conditioning equipment; aerosols; foams; metered-dose inhalers; and fire 
equipment. Sulphur hexafluoride (SF6), perfluorocarbons (PFCs), and NF3 comprise 
the remaining percentage and are released in various industrial processes and 
from electrical insulation. 
 
F-gases are emitted in small volumes but have a high global warming potentials 
(GWPs)* and can be several thousand times more warming than CO2 (GWP = 1): 

• HFCs have GWPs ranging from approximately 100 to over 10,000 

• SF6 has a GWP of 26,087 

• PFCs have GWPs of approximately 7,000 to approximately 19,000 

• NF3 has a GWP of 16,100. These emissions are very low (less than 0.001 
MtCO2e) and do not count towards the UK’s climate targets.  

 
Our pathways start from an existing policy baseline where the UK maintains 
comparable legislation to the EU F-Gas Regulation that was introduced in 2014.  

 
 
*   Values given are AR5 GWPs with carbon-cycle feedbacks. 

There is strong existing 
regulation for the F-gases 
sector. 

The majority of F-gases 
emissions come from HFCs 
used in refrigeration and air-
conditioning.  
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The regulation sets a cap on the amount of HFCs that producers and importers are 
allowed to place on the EU market. The cap will be cut every three years until 
reaching a 79% cut from 2015 levels by 2030. The Government has legislated 
provisions for equivalent regulation into UK law to come into force from 2021, 
meaning that the UK’s departure from the EU should not impact this baseline 
assumption. 
 
Reducing emissions further requires a range of behavioural and technical 
measures, predominantly: 
 

• Further replacement of current F-gases with lower GWP F-gases. The 
deployment of lower GWP alternatives to current F-gases in heat pump 
systems and refrigerators has the potential to reduce emissions from the 
sector further. Specifically, the deployment of low-GWP alternatives to 
R448A and R449A F-gases and accelerated transition away from R-404A 
systems, and retrofitting of R-134a car air-conditioning systems.* A host of 
low-GWP F-gases or F-gases alternatives are already available on the 
market, and innovation will likely bring more forward.  

• More widespread move to dry power inhalers (DPIs). Metered dose inhalers 
(MDIs) are a significant source of F-gases emissions. Our Balanced Pathway 
assumes widespread move from MDIs to DPIs – which are already in 
common use in Europe – for some drugs, with lower-GWP MDIs developed 
for other drugs such as salbutamol.  

• Reduced leakage from heat pump and refrigerators through improved 
equipment design and installer training. 

 
Our Balanced Net Zero Pathway involves a widespread rollout of heat pumps from 
now until 2050 (see section 2). Heat pumps emit some F-gases during their product 
lifetimes as a result of refrigerant leakage and disposal. If existing standards are 
maintained, the greenhouse gas savings of a switch to heat pumps are orders of 
magnitude higher than the additional F-gas emissions (see Box 11.2 of the 
Methodology Report) and we account for those additional emissions in our 
analysis. 
 
 b) Alternative routes to delivering abatement in the mid-2030s 
 
All F-gases scenarios aim to reduce emissions as far as possible by 2050, resulting in 
a range of residual emissions of 1.5-2.5 MtCO2e/year, and emissions of 2.5-4.0 
MtCO2e/year over the Sixth Carbon Budget period (Figure 3.10). Across the 
scenarios we vary the assumptions relating to behavioural change and 
technological innovation: 

• Headwinds. Decreased leakage from heat pumps and refrigerants, greater 
rollout of low-GWP alternatives to F-gases, retrofitting of some car air-
conditioning systems and partial replacement of MDI inhalers with DPI 
inhalers (beclomethasone dipropionate and compound drug inhalers).  

• Widespread Engagement. All the measures from Headwinds are included, 
alongside greater willingness to shift to DPI inhalers (specifically switching 
from salbutamol MDIs to DPIs). 

 

 

 
 
*   R448A and R449A F-gases are high-GWP F-gases used as refrigerants. R-134a is a high-GWP F-gas use in car air-

conditioning systems that was banned from being used in new cars from January 2017.  

Further abatement in the F-
gases sector is possible 
through replacement of 
current F-gases with lower 
GWP alternatives, more 
widespread moves to dry 
powder inhalers and reduced 
leakage from heat pumps and 
refrigerators.   

Further abatement is possible if 
lower GWP F-gas alternatives 
can be developed and 
deployed, and there is greater 
uptake of DPI inhalers. 
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• Widespread Innovation. All the measures from Headwinds are included. 
Further shift away from HFCs for which low-carbon alternatives are currently 
at an earlier stage of deployment. Measures outlined as technically 
feasible but not costed in our Net Zero report are included in this scenario. 

• Tailwinds. Tailwinds includes the measures from Headwinds, Widespread 
Engagement and Widespread Innovation. 

 

Figure 3.10.a Emissions pathways for the F-gases 
sector 

 
Source: BEIS (2020) Provisional UK greenhouse gas emissions national statistics 2019; CCC analysis. 
Notes: Headwinds and Widespread Engagement scenario are obscured by Balanced Net Zero Pathway curve. Full 
date can be found in the exhibits CCC’s databook. 
 

 
 
c) Impacts of the scenarios: costs, benefits and co-impacts on 
society 
 
Our estimates suggest that reducing emissions from the UK’s F-gases sector is 
achievable as part of a cost-effective scenario towards the Sixth Carbon Budget. 
In the Balanced pathway we estimate costs of around £7 million per year in 2035, 
and net savings of around £1 million per year by 2050. 
 
The majority of the 2035 costs are due to upfront investment in refrigeration and 
heating systems that have greater efficiency and lower GWP F-gases that are also 
often cheaper. By 2050, the efficiency savings more than offset this 
additional capital investment.  
 

Abating emissions from F-gases 
should be cost saving by 2050. 


