
Switching to something better?
A webinar about SF6-alternatives and a Norwegian researcher’s life and career
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A short introduction: Nina

• Nina Sasaki Støa-Aanensen
• Born in 1987
• Lives in Trondheim, Norway, with a 

husband and a dog
• Work as a Senior Research Scientist at 

SINTEF Energy Research
• Norwegian representative in CIGRE Study 

Committee A3 



A short introduction: SF6

• Sulphur Hexafluoride
• Sulphur: space for six friends
• Fluorine: the most electronegative 

element
• A “world champion” in:

• Current interruption performance
• Electric insulation performance
• Stable and non-toxic
• The ideal switchgear gas
• Highest global warming potential per kg, 

24 300 times higher than CO2



A short introduction: SF6

• 1980-1990s, SF6 used for:
• MV and HV switchgear
• Cover gas for magnesium / metal 

industry
• Window insulation gas
• Military applications
• Nike Air Max
• Luxury car tyres
• Medical use

• An example from Norway

https://nilu.brage.unit.no/nilu-xmlui/bitstream/handle/11250/2717927/OR-15-93.pdf?sequence=1&isAllowed=y
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Growing up in a small town: Farsund

• About 10 000 people
• Peninsula at the south coast of 

Norway
• Lots of sandy beaches
• A lot of wind
• An aluminium smelter
• A pipe-coating facility



Growing up in a small town: Farsund

• Myself, an older sister and two 
parents

• Good at school
• Bad at sports
• Music (piano, choir, brass band)
• Wanted a dog, but never got one
• In the nerd category : P
• Enough good friends!
• 1987-2006



A growing concern around SF6

• The Intergovernmental Panel on Climate 
Change (IPCC) was established in 1988 to 
provide policymakers with regular 
scientific assessments on the current state 
of knowledge about climate change.

• 1997: Kyoto protocol listed six greenhouse 
gases that we should limit emissions of to 
slow down global warming, SF6 was one of 
them.

• 2006: First F-gas regulation passed in the 
EU, prohibited use of SF6 for certain 
applications
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Moving to Trondheim

• From 10 000 -> 160 000
• From coast to river + fjord
• More snow, less light during winter (today 09:50-

14:30)
• Norwegian University of Science and Technology

• Norway’s largest university, >43 000 students

• Master of Science: Applied Physics and 
Mathematics

• Lots of new friends, even a boyfriend?!
• A lot of things to learn
• Spent summers in Farsund, working at the 

aluminium smelter
• One semester in Glasgow, Scotland 
• 2006-2011



Moving to alternatives?

• The search for something better than SF6 never 
stopped, but the Kyoto protocol accelerated the 
need and motivation to look for an alternative

• The global warming concern, and ban on other 
applications than in switchgear starts to show 
effects 

• Papers exploring different alternatives (new and 
old) are regularly published

• Pressurised air
• Mixtures with SF6 
• CF4
• CF3I
• CO2
• (Vacuum technology)
• …



MSc: Check! What now?

• A bit of everything, but not a lot of one 
thing in particular

• Project work: Identifying by-products 
from a new method of producing 
aluminium

• Master thesis work: Non-linear laser-
induced deformations at liquid-liquid 
interfaces

• Is this useful in the real world?
• But then, I found a PhD position
• 2011-2015



MSc: Check! What now? (a digression on how small Norway is)
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The challenge of using another gas: Is there something better?

• A lot of gases are more environmentally-friendly 
than SF6

• But an alternative should also be:
• A good electric insulator
• A good electric arc quencher
• A good heat conductor
• Stable, non-toxic, non-flammable
• A gas in the range -40°C – +50°C
• Scalable up to high voltages
• +++

• If not taking GWP into account: 
• No gas or gas mixture gets as good overall score as SF6

• Air: about 30-40% the performance of SF6
• Everything else needs to be optimised



The challenge of using another gas: Is there something better?

• My PhD work: Investigate design 
parameters that influence the interruption 
capability:

• Nozzle width and length
• Contact size
• Over-pressure (and gas flow) vs current

• Experimental work in a single-phase directly 
powered MV lab in Trondheim

• Not so many females in this field? 
• Have to document it!?



Finishing a PhD

• Working on a PhD can involve some 
mixed feelings

• Worked on one topic for many years: 
But still so much you don’t know!

• Feeling of “nothing surprising was 
uncovered”

• And still: What can this be used for?
• Despite all this: Finishing a PhD is a 

great feeling!
• And: I was lucky enough to get a job at 

SINTEF Energy Research, where I could 
continue with research within my 
topic!

• (Still lack of females)



A PhD on current interruption in air, but did you say plus?

• In one of my last PhD project 
meetings with ABB, they 
mentioned that they were 
considering something else than 
just technical air : P

• AirPlus: Technical air with a dash of 
C5-fluoroketone

• From 2014, papers on new 
synthetic molecules for 
switchgear were published



Working for SINTEF Energy Research (since April 2015)

• Continued research projects with on 
MV (and later HV) switchgear

• On current interruption
• Short-circuit making
• Dielectric design

• Building test setups, performing 
experiments, setting up budgets, 
writing applications, co-supervising 
students at NTNU, learning a bit more 
fluid simulations, writing reports and 
papers, project managing, presenting 
research, talking to partners, +++

• Still a lot to learn!



So many options!

HFO1234zeE



My introduction to CIGRE

• 2018: Magne Runde (my PhD 
supervisor, now my colleague) 
told me that I should travel to 
Paris as fast as I could

• Joined WG A3.41 (TB 871)
• (I think they needed some females 

here as well)
• Later, became the Norwegian 

representative for SC A3
• Active in workshops and 

discussions related to SF6-
alternatives



Going higher! 

• New SF6-free switchgear 
launched every year

• Higher ratings
• More and more manufacturers
• More and more countries
• A lot of fancy names
• A lot of new knowledge to 

collect and compare
• Good to have CIGRE!



Research projects, at work and at home

• Projects at work: direct projects 
with partners in Norway and 
abroad, Norwegian R&D 
projects, EU projects

• Side topics: Electrification of 
vessels, Senior safety 
representative

• At home: Dog training (a lot of 
research needed!), gardening, 
forest walks, friends and family



Restrictions and possibilities

From a CIGRE 
colloquium in 
Birmingham 2023

• Product development, marked 
requirements and political 
regulations still drive changes

• The transition to SF6-free is far 
from over!



CIGRE Centennial Session 2021  
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SF6-alternatives

Medium voltage (<52 kV) High voltage (>52 kV)
Switchgear medium

(with / without vacuum)
Interruption medium Electric insulation

N2 / O2 (or dry air) CO2 / O2 CO2 / O2

N2 / CO2 C4-FN / CO2 C4-FN / CO2

N2 / O2 / CO2 C4-FN / CO2 / O2 C4-FN / CO2 / O2

C4-FN / CO2? Vacuum technology N2 / O2

C4-FN / N2 / O2

• Other alternatives explored during the years, such as HFO-1234ze, C5-FK, C6-FK, C3F6O, and 
CF3I

• Some variations in gas mixing ratios



Agenda: Check!

• A short introduction: Nina

• Growing up in a small town

• Moving to Trondheim

• What now?

• Finishing a PhD

• SINTEF Energy Research

• CIGRE

• Research projects: at work and 
at home

• A short introduction: SF6

• A growing concern

• Moving to alternatives?

• The challenge of using another gas

• Did you say plus?

• Going higher!

• So many options!

• Restrictions and possibilities



So: are we switching to something better?

• I believe yes: because all released SF6 
will leave a permanent change in the 
atmosphere

• Still, the optimisation challenge is not 
completed yet, so we better keep 
working

• And, remember yourself in this 
“chaos”:

• Make sure you actually like your job!
• Make sure you have something that makes 

you curious and happy outside work!



Thank you so much for your attention!
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