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Motivation
• The “7 requirements” as evaluation criteria of SF6 

free switchgear has been developed by the “SF6 
Alternative Gas Study Group” composed of Japanese 
11 utilities, 7 manufacturers and 6 academia and 
CRIEPI, together with TDGC and JEMA as observers.

• This paper reports the current status and progress of 
SF6-free switchgear development in Japan based on 
the “7 requirements”.

Conclusions
• There are no disadvantages of natural-origin gases from the 

viewpoints of EHS, gas handling and utilization under normal 
service condition.

• In most cases, aged GISs installed in the 1970s and 1980s are 
replaceable with natural-origin gas switchgears.
On the other hand, design improvements and technological 
innovations should be continuously necessary to meet future 
replacement needs for later generations of existing SF6 
equipment.

• Developments of HV switchgears using natural-origin gases 
have been actively ongoing in Japan. 
The first pilot installation of the 72 kV GISs adopting synthetic 
air insulation will be completed by the end of 2022.

• While further coverage up to 550 kV must be a great technical 
challenge, the authors, as Japanese manufacturers and 
utilities, will aim to complete it by the end of 2029.
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Summary of the evaluation of natural-origin gases based on “7 requirements”
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Selection of gases
• Practical alternative gases that can be used as single 

gas or a base gas of mixtures are N2, CO2 and O2. 

• Artificial fluorinated gases such as C4-FN have not 
been directly selected so far, mainly because of still 
existing concerns on EHS aspects,  stable supply, 
potential environmental and regulatory risks.

• In the present study, mainly focused on 
(i) Synthetic air and (ii) CO2/O2 mixture 
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Screening of alternative gases

Pilot projects and future plan
• 72/84 kV F-gas free GIS consisted of a VCB with 

synthetic air insulation has completed the type test 
and will be installed by the end of 2022 as the first 
pilot in Japan.

• Developments of 168 kV VCB are also ongoing and will 
be in operation in 2023.

• The roadmap of natural-origin gas insulated 
switchgear developments above 72 kV was presented. 
Although coverage up to 550 kV must be a great 
technical challenge, the authors, as Japanese 
manufacturers and utilities, will aim to complete it by 
the end of 2029 for the future sustainable T&D 
systems.

F-gas free 72/84 kV GIS

F-gas free 72/84 kV VCB (left) and  145 kV VCB (right) 

The roadmap of natural origin gas-insulated 
switchgear releases above 72 kV (as of August 2022)
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Background data on (1) EHS aspects
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Decomposed gases detected after arcing 
in pure CO2 and CO2/O2 mixture.

(490 litter enclosure after 1,500kJ of arc energy)

Reduction of decomposed gas concentrations
in CO2/O2 gas mixture with a specific absorbent

Acute toxicity assessment: 
Accumulated fault duty vs. LC50(4h) on Hodge-Sterner scale, 

up to 1,500 kJ in 490 liter enclosure

Experimental assessment result of flammable range 
of a combustion gas CH4 in CO2/O2 

(yellow area indicates the flammable range)

Background data on (4) gas handling

Background data on (5) life cycle cost

Background data on (6) footprint

Examples of long-term material compatibility test 
(lubricants and coatings in CO2/O2(30%))

Estimated equipment dimensions using natural-origin gases 
compared with aged and the latest type of GIS

Impact of O2 % dispersion on dielectric performance 
of CO2/O2 gas mixture equipment. 
(Supposing dispersion of 30 +/-3%)


