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Recent news reports have highlighted the effect of 
the gas sulphur hexafluoride on global warming. 
With a global warming potential about 22 200 

times greater than carbon dioxide over a 100-year 
period, increased emissions are causing concern. What 
is this gas? Why have emissions increased? And why 
does it cause so much global warming?

A synthetic gas
Sulphur hexafluoride (SF6) molecules are made of 
one sulphur and six fluorine atoms. The gas does not 
occur naturally and was first made in 1900. SF6 is very 
dense and sinks below air — this behaviour leads 
to some interesting effects (see the video at www.

tinyurl.com/deep-voice-gas). Part of the problem is 
that the molecules are very stable, and when SF6 does 
decompose the products are very toxic.

Table 1 Gas densities at sea level

Gas Density/kg m–3

Sulphur hexafluoride 6.1

Carbon dioxide 1.8

Air 1.2

Helium 0.2

A greenhouse gas
Like carbon dioxide, SF6 absorbs infrared radiation, 
but unlike carbon dioxide (which is absorbed by plants 

and dissolves in water) SF6 remains in the atmosphere 
for about 3200 years. The Intergovernmental Panel 
on Climate Change reports that SF6 is the most potent 
greenhouse gas it has evaluated. Reducing its use was 
included in the 1997 Kyoto Protocol (an international 
treaty to reduce greenhouse gas emissions).

Why is it used?
In 1937 the electricity company GEC realised that SF6 
is useful as a gaseous electrical insulator. It also reduces 
overheating because its specific heat capacity is over 
three times that of air. 

In electrical circuits there are switches for control, 
and circuit breakers for safety. When a switch is opened 
or closed there is a point when the contacts are so close 
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Sulphur hexafluoride 
and global warming
Carol Tear examines the effect of a greenhouse gas 
that is an unfortunate result of the drive for green 
energy, and looks at the solutions that can combat it

A model of an 
SF6 molecule
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Question
The amount of SF6 used in the UK is increasing by 
about 35 tonnes per year.

Estimate how many cars it takes to release an 
amount of carbon dioxide that has an equivalent 
global warming effect (one car releases about 4.6 
tonnes of carbon dioxide per year).

To combat this, there are incentives for companies 
to reduce their SF6 emissions, and more gas is being 
recovered and recycled. Newer switchgear has lower 
leak rates. The offshore windfarm East Anglia One is 
one of the biggest windfarms where turbines are free 
of SF6 — 102 generators are being installed and will 
supply up to 714 MW of power by 2020. SF6 is a problem 
that can be solved, not one for which we don’t have a 
solution.

that the potential difference 
across the gap will ionise the 
air and current will pass across 
the gap as a spark, or an electric 
arc. Lightning is caused in this 
way. The higher the voltage, 
the larger the gap the spark 
can cross — these circuits need 
heavy-duty switchgear.

In the early twentieth 
century, switchgear was often 
filled with insulating oil, 
but in the 1960s, the use of 
SF6 became common. The 
structure of SF6 means that it 
absorbs electrons, producing 
negative ions. These ions are 
much heavier than electrons 
and not as mobile, so as SF6 ionises it reduces the 
chance of arcing. For breakdown to occur, the electric 
field must be three times higher in SF6 than in air. These 
properties mean that the switchgear can be made much 
smaller. The first gas-insulated substation was opened 
in 1966. Other uses include high-voltage transmission 
electron microscopes and particle accelerators.

SF6 also has medical uses. It is used in eye surgery 
during operations to repair detached retinas, and it is 
used in some ultrasound scans, in which microbubbles 
are injected into a vein and show on the scan, 
highlighting the veins. Its use as an inert gas in the 
production of magnesium has been reduced as a result 
of the Kyoto Protocol, as has its use as a filler in tennis 
balls and the soles of training shoes.

Why has use increased?
Electricity generators require switchgear. Producing 
electricity using many wind turbines, instead of a few 
power stations, requires more switchgear. In Europe 
in 2017, 15.6 GW of new wind-power generators 
were installed — a record year. This trend towards 
windfarms is having a big effect — there was an 8.1% 
increase in SF6 emissions across Europe in 2017. 

Gas-insulated switchgear
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