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Development trends on the SF¢-free technology for switching equipment for the
electric power system
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Summary

The electric power industry is accelerating to reduce the SF¢ gases used as insulating gas for high-voltage
equipment in the course of carbon neutrality. SFe is a potent greenhouse gas with 25,200 times higher global
warming potential than CO,. This report reviews recent engagements by the electric power industry, including
utilities, manufacturers, and governments. There were significant changes in the strategies to reduce SF¢ usage in
electric power equipment in 2021. California Air Resources Board announced the new regulations for the phase-
out of the SFs used in switchgear and became effective from January 2022. Corresponding to such a trend,
manufacturers have accelerated the development of SFe alternative technologies. There exist two SFe-free
measures for gas-insulated switchgear as of now. One is alternative gases of fluorinated gases for replacing the
SF¢ gas, and another is vacuum interruption and air insulation technology. Two groups of manufacturers are
formed to adopt these strategies. GE and Hitachi Energy adopted the F-ketone gas developed with 3M under a
cross-license agreement. On the other hand, ten manufacturers, including Meidensha, Mitsubishi Electric, and
Toshiba Energy Systems, chose the utterly free of fluorinated gas solution as air-insulated switchgear with vacuum
circuit breaker, and released joint statements “Toward T&D equipment free of fluorinated gases for sustainable,
climate-neutral power grids.” The last part of this report addresses the future development plans and their

technological challenges.
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Fig.2 SFs emission from electrical equipment and total
greenhouse gas emissions from 1990 to 2020 in Japan®.
MMT CO; eq.: million metric tons of carbon-dioxide
eauivalent.
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Fig.3 SFsemission from 1990 to 2020 in Japan?. MMT
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Fig.4 Estimated U.S. SFs gas and total greenhouse gas
emissions from 1990 to 2020. MMT CO, eq.: million
metric tons of carbon-dioxide equivalent.
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Table 1 Regulation for reducing SF¢ emissions by CARB!'? and EU'?
(a) Regulation for reducing SF¢ emissions from GIS by California Air Resources Board (CARB)
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38 All
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(b) The use of SF; to be prohibited in MV electrical equipment for applications by the European Union (EU,
52 MV electrical equipment
24 MV electrical equipment
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Table 4 Overview of power equipment adopting SFs alternative technology ¥
No. Alternative Voltage, Gas composition, GWP Min. op.
gas Apparatus Gas Pressure temperature
CO4: 0y : C5-FK (82: 12: 6)
(1) C5-FK 170 kV, GIS 0.78 MPa abs (CB) <1 5C
(F-Ketone) 0.83 MPa abs (the others)
mixed gas . B ]
24 KV, GIS Dry air : C5-FK (92.4 : 7.6) <1 _95C
0.14 MPa abs
) C4-FN 420 kV, GIL ?:))62 I;Ag4_iN (94 4) 320 ~ 460  —25°C
(F-Nitrile) : & ans
mixed gas CO2:05: C4-FN (89: 5: 6)
145 kV, GCB  0.85 MPa abs (CB) 320 ~ 460 -25C
0.8 MPa abs (the others)
COQ . 02 (70 . 30) o,
3 145 kV, GIS 1 -50C
8 €O +0, ’ 0.8 MPa abs =
Dry air Ny : Oz (80 : 20) .
—60°C
) with VCB 145 kv, GIS 0.6 MPa abs 0 00

GIS: Gas-insulated switchgear, GIL: Gas-insulated line, CB: Circuit breaker, GCB: Gas circuit breaker,
VCB: Vacuum circuit breaker, abs: absolute pressure

Table 5 T&D Properties of alternative gases '9!719)
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K& FFf (4F) 39 0.04 3,200
st (C) —4.7 26.9 —63.9
434t (g/mol) 195 266 146.06
Vv JEERE (ODP) 0 0 0
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Fig. 5 Dielectric breakdown voltages for F-ketone and
F-Nitrile gases in comparison with SFs. Uniform field
using parallel disk electrode with 2.5 mm / 0.1-inch gap
at 25°C1o,
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GE and Hitachi ABB Power Grids sign landmark
agreement to reduce environmental impact in the
electrical transmission industry GE Renewable Energy s
Grid Solutions business and Hitachi ABB Power Grids
Ltd. announced today a nonexclusive, cross-licensing
agreement related to the use of an alternative gas to sulfur
hexafluoride (SFs) used in high voltage equipment. This
Sfluoronitrile-based gas mixture has a significantly
reduced impact on the environment compared to SFs.
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Fig. 6 Enhancement of breaking capacity of vacuum
circuit breaker in Japan.
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Table 6 T&D manufacturers signed on the joint

statement>”
Company Country
ILJIN Electric Co., Ltd. Korea
MEIDENSYA CORPORATION Japan
Mitsubishi Electric Corporation Japan

Mitsubishi Electric Power Products, Inc. USA

Nuventura GmbH Germany
Schneider Electric France

Siemens AG Germany
Siemens Energy Global GmbH & Co. KG Germany

Toshiba Energy Systems & Solutions Corporation Japan
Eaton USA

As equipment manufacturers, we embrace our
responsibility to society and are fully committed to the net
zero goal. Each of the undersigned has already developed
or is in the process of developing T&D equipment
completely free of fluorinated gases. The phase-out of
fluorinated and PFAS-gases (per- and polyfluoroalkyl
substances) in electrical T&D equipment, where
alternatives are available, would accelerate progress
toward a more sustainable future.”

Each of the undersigned is committed to delivering
T&D equipment free of fluorinated-gas and PFAS-gas
needed to enable this transition. The first F-gas firee
products are successfully in operation, and each of the
signing companies is committed to close the remaining
portfolio gaps in the upcoming years in order to deliver
on science-based net zero targets (SBTI) that companies
are setting.
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Fig. 7 Roadmaps of SFs-free high-voltage switchgear and
circuit breaker development in various manufacturers. LT:
Live-tank circuit breaker, DT: Dead-tank circuit breaker,
GIS: Gas-insulated switchgear.
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Fig. 8 Time evolution of interrupting power for various
circuit breakers and recently developed SFe alternative
circuit breakers and future plans. Reference trend data
comes from Fig. 1.2 in reference 1).
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from reference 38).
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