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IEC #2271-1

High-voltage switchgear and controlgear —
Common specifications for high-voltage switchgear and control gear standards

IEC £2271-100

High-voltage switchgear and controlgear -
High-voltage altemating-current circuit-breakers

IEC 62271-102

High-voltage switchgear and controlgear -
Alternating current disconnectors and earthing switches

IECs2271-103

High-voltage switchgear and controlgear —
High-voltage switches

IEC 62271-200

E:T°N
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High-voltage switchgear and controlgear - AC metal-enclosed switchgear and
controlgear for rated voltages above 1 kV and
up to and incloding 52 kV

© 2025 Eaton. All rights reserved.



Xiria =
Rated Voltage: 24kV
Rated normal Current: 630A o

Loss of service continuity: LSC2B

Partition class: PM

Internal Arc Classification (IAC): AFLR 20kA — 1s

Xiria complies with the following international standards

IEC62271-1 IEC 61869-2 =
IEC62271-100 IEC61869-3 900 00000 ‘
|
.

IEC62271-102 IEC 60529
IEC62271-103 EN 50181
IEC62271-200

IEC62271-304 1SO 9001

IEC61869-1 ISO 14001
I1SO 50001

L — _—
( : —
b p— —
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SF6 (fluorinated gas)

AR

3%, APPLICATIONS OF THE GAS

SFs is routinely used as an electrical and heat
insulator in medium- and high-voltage T&D
applications. These include:

&% Circuit breakers

B4 Switchgears

&4 Power, voltage, and current transformers
04 Gas-insulated lines

B4 Capacitors

https://dilo.com/sf6-gas/useful-information-sf6/properties

A
E-T-N .
© 2025 Eaton. All rights reserved.
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What is SF;?

First reported in 1900 by French Chemist Henri Moissan

SF¢ or sulfur hexafluoride is a human made,
colourless, and odourless gas.

Chemically stable, Non-toxic*, Non-flammable

F-gases are a range of chemicals involving fluorine
which have been used for a variety of things including
the manufacture of shoes, tennis balls, and windows,
and as a coolant in refrigerators.

Good properties as a dielectric insulating
medium, prevents voltage electrical
breakdown and explosion hazards.

E-T°N
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Sk, (Fluorinated gas)

\%\ .

= 2.5 times higher than that of air m‘i_@
Colorless and odorless . g
= SF4is 100x more effective at quenching an arc than air .
= Creates resistance across the arcing contacts and eventually
Non-toxic extinguishing the arc.
n » Once the arc is extinguished, sulfur hexafluoride begins to regenerate

almost immediately.
Chemically stable .
» More effective at dissipating heat then air, nitrogen, or other dielectrics.

= The volumetric specific heat of SF; is 3.7 times that of air, meaning it is
Non-flammable more effective at removing heat from the electric equipment

E-T-N
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Challenges In distribution grids
How does the grid look like in 20307

EF.T-N

Powering Business Worldwide © 2025 Eaton. All rights reserved. 17



Challenges In
distribution
grids

EU Green
Deal

EF.T-N

Powering Business Worldwide

The Energy Transition is on full speed

Economic + Ongoing sector

growth coupling

Grid connections, Switchgear
and circuit breakers

New legislation

Fossil-powered generation -
Mixed green sources of power
(including wind, solar and gas)

Global installed base of SFg growth

by *if no legislation

© 2025 Eaton. All rights reserved.

18



Sk switchgears & GIS/AIS Switchgears

E:T°N
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SF, In High-voltage equipment

Fixed Contact

Hole for
Gas Inlat
before Reclosing

Vents
Pufter
Cylindar
Connecting
Brridipe

Floed Peston

Maving Asm

Fixed Contact ‘

Puffer type SFE Circuit Breaker ps:// lectricaltechn ‘
— o Bt Wrkteads © 2025 Eaton. All rights reserved. circuit-breaker.html




Network design

Arcs
» Switching in vacuum

» 24kV VB18 interrupter

« Switching in oill

E-T°N
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Eaton Vacuum Interrupters

E;T-N
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Using Eaton Core Technologies

Vacuum technology

. Safe, compact & reliable construction None
. affected contacts Environmentally friendly ;
. switching medium 30.000 operations :

4 ._,r o >
o~ 1 F & Lagitione)
d . Fa
<

MTBF Eaton VI > 100.000 year
Design life >= 100 year

i E i 37
E ﬂ ©2025 Eaton. All rights reserved.
m‘? BUS LRI © 2025 Eaton. All rights reserved.



Why SF Is used in switchgear?

* SF4 has been widely used in the electrical industry to prevent short circuits and
accidents

* When used as an interrupting medium, SF; is able to quench the arc
« Itis non-flammable, non-explosive, colourless, odourless, and non-toxic*

« ltis effective as an insulating material for medium and high-voltage electrical
installations

« Sk, switchgear falls under three categories:
* Closed pressure systems
« Controlled pressure systems
« Hermetically sealed systems

*Whilst SF is non-toxic, it does not support life and can cause suffocation. Heavy duty switching operations can generate harmful by-products from decomposition.

AC N

© 2025 Eaton. All rights reserved.






Global view on climate and energy
Motivation: global temperature rise

Global Average Temperature Change Land and Ocean Temperatures 1850-2023
+1.0 °C "M;::;val — "Little \.\’(\': !!.
period” ice age" & . 1

+0.5°C

0.0°C

o
- o
Tempersture Ancomaly (* C)

r 0
05 °C < 2020 years T R B A e o e e L
| e et w0 o o0 oo 1000 10 T © S S
Year: 200 400 600 800 1000 1200 1400 1600 1800 2000 o JADE o St < :
Source:Global temp. Change: By RCraig09 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=87832845 Source: https://berkeleyearth.org/global-temperature-report-for-2023/

EF:T-N
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https://commons.wikimedia.org/w/index.php?curid=87832845
https://berkeleyearth.org/global-temperature-report-for-2023/

Global view on climate and energy

Motivation: CO, emissions

Our World
inData

Warld

2022:

Worldwide annual CO, emissions from
fossil fuels and industry

35 billion t

30 billion t 1992 b||||ont
e on First UN climate summit
25 billion t Rio de Janeiro
20 billion t 22.58 b|II|onvt I
15 billion t 1972 | :
15 billion t Club of Rome: A, I
10 billon t “Limits of growth? | 1
| |
5 billion t 1 1
| |
0“1850 18‘80 1960 19‘20 19‘40 19‘60 i 19‘80 :ZdOO 2022‘
Data sc 1al Carbon Budget (2023) I

OurWorldlnData,org/coZ-and-greezooos-emissions | CCBY

1850 1920

1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO,) emitted from the burning of fossil fuels, and directly from
industrial processes such as cement and steel production. Fossil CO; includes emissions from coal, oil, gas, flaring, cement, steel, and other
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

https://ourworldindata.org/grapher/annual-co2-emissions-per-country

Cumulative CO, emissions from
fossil fuels and industry since 1750

Our World
inData

Enrane

500 billion t EUI’Ope
500 billion t
United States
400 billion t USA
300 billion t
300 bl"lon t gich”]a and India)

Asia w/o CN, IN

200 billion t

100 billion t

i, 9

India
Qe w
‘ India
South America

\

ot

i ; g 0 T T T T )
1850 1880 1900 1920 1940 1960 1980 2000 2022

1850 1920
1. Fossil emissions: Fossil emissions measure the quantity of carbon dioxide (CO,) emitted from the burning of fossil fuels, and directly from

industrial processes such as cement and steel production. Fossil CO, includes emissions from coal, o, gas, flaring, cement, steel, and other
industrial processes. Fossil emissions do not include land use change, deforestation, soils, or vegetation.

Data sot | Carbon Budget (2023] OurWorldlnDatezo'o‘ond-greenhouse-gas-emissions | CCBY

https://ourworldindata.org/grapher/cumulative-co-emissions

EF:T-N
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Motivation: Energy efficiency
Invest in clean energy and efficiency

 IPCC report 2023 10 key solutions needed to mitigate climate change
- Power generation, buildings, | -
. . coal plants
industry, and transport are
. N in clean
responsible for close to 80% 2, ﬁ enrey 8 efconcy 7 Ko
Of glObal emISSIonS . 3. g:ggl;l;;&i buildings 8. @% :ggg;t[;?‘gftﬁl‘:’ﬁnda
* One necessary measure is
DECARBONIZE cement FTI?I:?(;I{E] food loss and
investment in clean 4, g = 9, [OF rmemimenore
energy & efficiency (2.) £ oo 10. so o

Source: IPCC ARG WORLD RESOURCES INSTITUTE

Source: https://www.wri.org/insights/2023-ipcc-ar6-synthesis-report-climate-change-findings and
https://www.ipcc.ch/report/ar6/syr/
E.-T-N 35
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https://www.wri.org/insights/2023-ipcc-ar6-synthesis-report-climate-change-findings
https://www.ipcc.ch/report/ar6/syr/

What is a greenhouse gas?

In the last century, human activities such as burning fossil fuels and deforestation
have caused a jump in the concentration of greenhouse gases in the atmosphere.
The result: extra trapped heat and higher global temperatures.

) + R

CREENWOUSE EFFECT \ CREENHOUSE EFFECT

Daytime: the sun shines
through the atmosphere,
warming the earth’s surface.

' »

Nighttime: the earth's surface
cools, releasing heat back into
the air. But some of the heat is
trapped by the greenhouse
gases in the atmosphere.

Greenhouse gases act like the
glass walls of a greenhouse
trapping in the heat.

Same hear cantinues into Dace whrlz the rest, wapped by gresahouse Isoeased greenhoase gases means less beat escapes.
ganis, holp maintasm the planet’s celimwely comfortabio Bemwren prowndestr i smes 3nd oow, the Sanh's avenge
sersperatares. Less gan » bexs haat trapped in e samesphere. feoperature his rsen 1.8 “F (1LG°C).

E-T-N
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Sk, aka fluorinated gas

» Over a 100-year period, SFg is 23,500 times more effective at trapping infrared radiation than an equivalent
amount of carbon dioxide (CO,).

+ SFgis also a very stable chemical, with an atmospheric lifetime of 3,200 years.

The global warming
potential (GWP) of
human-generated

greenhouse gases is a
measure of how much
heat each gas traps in
the atmosphere,
relative to carbon
dioxide.

How much each
human-caused
greenhouse gas
contributes to total
emissions around
the globe.

5

Coten  Wthose  Nowws  Pesosated
L) - s

Powering Business Worldwide © 2025 Eaton. All rights reserved. 37



Greenhouse gas equivalents

Preventing emission of 1kg (2.2lbs) of SF;
has the equivalent environmental impact as

Removing Preventing the Eliminating the

5 vehicles from burning of combustion of
the road for an 11 metric tons 54 barrels
entire year of coal of oil

E-T-N
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Greenhouse Gases Global Warming Potential (GWP)

Common Source or Application Global Warming
Potential (GWP)

Carbon Dioxide (CO2) Fire suppression, carbonated beverages, by-product of fossil fuel consumption 1
Methane (CH4) Consumed as fuel (also known as Natural Gas) 21
HFC6-152a Refrigerant, aerosol spray propellant 140
Nitrous Oxide (N20) Known as ‘Laughing Gases, pain relief in dental procedures, car performance, and preservative. 310
HFC-32 Refrigerant 650
HFC-4310mee Solvent for cleaning process 1,300
HFC-125 Used as a fire suppression agent 2,800
HFC-143a Refrigerant, aerosol spray propellant 3,800
HFC-236fa Used as a fire suppression agent, refrigerant 6,300
CF4 Refrigerant, electronics fabrication 6,500
C2F6 Semiconductor fabrication 9,200
Fluoroform (HFC-23) Semiconductor fabrication, fire suppressant 11,700
SF, Electrical Switchgear 25,200
E ‘T.N Source: WPD, A Literature Review on SF6 Gas Alternatives for use on the Distribution Network, 2018 [2]
Eal
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Sk, Toxic By-products

Reactive decomposition by-products form when SF; is
exposed to:

spark discharges

partial discharges

switching arcs

failure arcing

Caution
SF,

Decomposition by-products can take the form of gas or

powders

If by-products are ingested or inhaled this can cause: eye,
nose and throat irritation, pulmonary oedema, and other
lung damage, skin and eye burns, nasal congestion,
Bronchitis, rashes

E-T°N
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Kyoto protocol sets path for F-Gas regulation

The Kyoto protocol stimulated the European Union to enforce the 2007 F-gas
regulation.

Today SF4 is banned for most industries. Exception is the switchgear industry
because in 2014 SF,was deemed to have no reliable alternative.

The switchgear industry and its users are responsible for 80% of total
annual SF6 gas emissions.

European Union:

“No later than 1 July 2023, the Commission shall publish a report assessing
whether cost-effective, technically feasible, energy-efficient and reliable
alternatives exist, which make the replacement of fluorinated greenhouse gases
possible in new medium-voltage secondary switchgear and new small single split
air-conditioning systems and shall submit, if appropriate, a legislative proposal to
the European Parliament and to the Council to amend the list set out in Annex I11.”
— Current F-gas regulation

© 2025 Eaton. All rights reserved.



How damaging is SF; to the environment?

The Power and Energy Industry is the Largest Emitter of SF, Gas.

1 kg SF, = 24,300 kg CO. On average 2,5 kg SF, SF, lasts in the atmaosphere for The power and enargy industry is responsibie
= 10.000 liters of burned gasoline are used in one 3,200 years after it is released for 80% of total annual SF, gas emissions
switchgear
¢ 8 i - 7/
“ies - . L 1S
/‘\ 7 g A
wes i
- r;- |
- 8 [ - i @ A =le

e |PCC AR6 Report
e ELI: http://data.europa.eu/eli/reg/2024/573/0j

EF:T-N
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https://www.ipcc.ch/assessment-report/ar6/
http://data.europa.eu/eli/reg/2024/573/oj

How damaging is Sk, to the environment?

= A rubber balloon filled with SF6 will expand and
> ultimately burst, as the smaller and faster-moving
02 and N2 molecules diffuse through the rubber
skin into the balloon very much faster than SF6 can
diffuse out. SF6 has been used to inflate car tyres,
and Nike employed SF6 for air cushioning its Air Max
shoes from 1978 onwards, as the use of this large
molecule minimised leaks from the air cushions in
the heel. Though the greenhouse potential of SF6
was recognised in 1992, it took them nearly 14 years
to solve the problem; in the end, Nike used 65 layers
of plastic to reduce nitrogen loss, and employed
blow moulding to produce the desired product, the
SF6-free AirMax 360 (photo, left).

https://www.chm.bris.ac.uk/motm/SF6/SF6h.htm

E-T°N
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- Otticial Journal EN
of the European Union L series

2024/573 20.2.2024

REGULATION (EU) 2024(573 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 7 February 2024
on fluorinated greenhouse gases, amending Directive (EU) 2019/1937 and repealing Regulation (EU)
No 5172014

{Text with EEA relevance)

EF:T-N
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3-2024 b1V W

?n172a00 170 'nn

-1 q7IN7 12D 10101 0N NI — MmN DI0N9Nn DI' 20 A9IN'RA qPINYT 10121 TAN NNPN
11/3/2024

1/1/2026 (7'7101) 24kV Ty N2 NNN NINIY IX TI'Y MDA 7V 110N
SF6 / F-gases Ta D'7'>nn

1/1/2030 52kV Ty 24kV -n NI22 NNN NINE? IX TI'Y MjNA 7V 110K
SF6 / F-gases D'7'>nn

1/1/2028 145kV TV1 52kV n [1"2Y NN NINEY? IR TI'Y NP 7V 10K
*GWP 2 1 nna F-gases Dy

1/1/2032 145kV n [1"2Y NN NINEY? IR TI'Y NPNA 7V 10K
*GWP 2 1 nna F-gases ny

E 1N *GWP - global warming potential
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EU Fgas Reqgulation

o e icment and gas p F-gas phase out of F-gas phase out of

of the council of 7 February 2024 in MV switchgear HV switchgear between MV switchgear between
Leak checks § 5 < 24 kV 52 kV and 145 kV 25 kV and = 52 kV

Leakage detection
systems 8§ 6
Record-keeping 8§ 7 (1'1'2026)
Recovery and destruction
§8

Certification and training §
10

Control of use § 13 Q I Q

GWP values deleted for MV = Full F-gas ban on probation
dates (exemptions apply)

EF.T-N
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3-2024 1>V W

REGULATION (EU) 2024/573 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
Leak checks (Article 5)
Electrical switchgear shall not be checked for leaks provided that ir complies with one of the following conditions:

{a) it hasa tested leakage rate of less than 0,1 % per vear as set out in the technical specification of the manufacturer and is

labelled accordingly;
(b) it is equipped with a pressure or density monitoring device with an automatic alert system while in operation;

{c) it contains less than 6 kilograms of fluorinated greenhouse gases listed in Annex 1.

EF:T-N
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232024 DTyl

High-voltage switchgear and controlgear - Part 4. Handling
procedures for gases for insulation and/or switching
(IEC 62271-4:2022)

3.1.21

sealed pressure system

volume for which no further liquid, gas or vacuum processing is required during its expected
operating duration

Mote 1 1o entry: Examples of sealed pressure systems are vacuum circuit-breakers or some MY circuil-breakers or
MV switchgear with leakage rates < 0,1 %/a.

Mote 2 to entry: Sealed pressure systems are typically assembled and tested in the factory.

Mote 3 lo entry: Expected operating duration starts when the device is sealed.

[SOURCE: IEC 62271-1:2017, 3.6.6.3, modified — Note 1 to entry and Note 2 to entry modified.]

EF:T-N

Awerrg Boorens Warcteas © 2025 Eaton. All rights reserved.



? 3-2024 1571V

IEC 62271-4:2022

5 Gas handling during normal service life

5.1 Topping-up of gas to the filling pressure/density for insulation and/or switching

This subclause applies to gas compartments of closed pressure systems to assure continuity
of service. Usually, the pressure/density monitor generates an alarm/indication due to too low

pressure/density. The alarm value shall be proposed by the electric power equipment
manufacturer.

A.6.14 Gas concentration alarm systems

Gas concentration alarm systems might be installed to monitor the SF; concentration in a room.

Such alarm systems require detlectors with very high long-term stability. The infrared absorption
characteristic of 5F is used as the basis for most detectors of this type. An infrared source is

used to heat a gas sample in a differential pressure-measuring device using a sensitive
capacitance transducer. The pressure rise is measured.

Saneibivitias Arwn A A0 0lfl frrmul fran ha acrhiavad Aobamatis functianal rhasl farilitiae ~an
A
E-T-N
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IEC 62271-4:2022

Table A.1 — Measures when working with SFe electric power equipment

EF:T-N
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A nodice stating that open fire, naked flames (for example matches), smoking, use of heat
angines, heating io more than 180 “C and welding without special precautions are prohibited
bacausa 5Fg decomposes in the presence of cerdain melaks above the temparatura of 200 "C,
and will decompose on its own at temperatures above 500 *C, should be displayed, Eleciric
arcing (through normal cparalions or interruption of fault currents) causes decomposition.
Makad flames can also cause decomposition, Insiructions for giving firsl-aid (see A.2.8) should
be displayed whila 5F; is being handied in any localion,

When a gas compartmen| is opened aller the elecliic power equipment his been in Service,
parsonnel should wear sulable profaclive clathing in order lo avaid contact wilh the fing solid
by-products, which can be presant. Parlicular atiention should be given 1o protecting he eyes
and the respiratory ract, Personnel working in or near 1o opened gas compartmanis, which
have contained normally arced or heavily arced SFy should:

= uio suifable lools and handling eguipmant;
o wear suitable protective clothing (ses A& 2.5);
= observe high standards of personal hygiens;

« clean themsalves and their handling aquipment using disposabla materiats, before leaving
tha work area;

« femave protective clothing and wash them thorgughly &5 soon as possible after having laf
lha work araa;

« @ngura thal elathing, teals and companants which have bean in contact with by-praducts ara
sacuraly packed in sealed bags or other saaled containers and ara subseguently ireated to
neulralse any residusas
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lEC IEC 61936-1

Edition 2.1 2014-02

Power installations exceeding 1 kV a.c.
Part 1. Common rules
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8.5 Protection from danger resulting from arc fault...........ccocievriiir i e ceraeen. . B8
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8.7.4 Other equipment with flammable liquid ... i £ D
8.8 Protection against leakage of insulating liquid and SFg ...........cccoveiiiice e 73

8.8.1 Insulating liquid leakage and subsoil water protection..............cccoviviiiinanrns 73
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IEC 61936-1 2014
8.8.2  SFg leakage

Recommendations for use and handling of SF; gas are given in IEC/TR 62271-303.

To cover the unlikely event of an abnormal leakage, ventilation shall be provided in the
switchgear room and in other accessible locations where the accumulation of gas may present
a hazard. In case of outdoor installation, no special precautions are needed.

In rooms with SFg installations, which are above ground, natural venting is sufficient; if the gas |
volume of the largest compartment at atmospheric pressure does not exceed 10 % of the
volume of the accessible switchgear room. If this demand cannot be fulfiled, mechanical
ventilation shall be installed.

In rooms with SF; installations which are below ground on all sides, mechanical ventilation
shall be provided if gas gquantities which pose an intolerable risk to the health and safety of
personnel (see note below) are capable of collecting in terms of gas quantity versus size of the
room.

Chambers,. ducts, pits, shafts, etc., situated below SF; installation rooms and connected to
them, shall have the possibility of being ventilated.

EF:T-N
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The Energy Transition is on full speed

» Rise of electrification due to economic growth and
ongoing sector coupling

 Move from coal-powered generators to mixed
green sources of power including wind, solar and
gas

* Increased grid connections and rise in switchgear
and circuit breakers

« Global installed base of SF; was expected to i P b
grow by 75% by 2030 B Ry T = —

© 2025 Eaton. All rights reserved.



Leakage during Life Cycle

I Emissions during the
Emissions during SFg switchgear manufacturing I
gas production process L HE———

Emissions during transportation & |
|Commsssnonmg (installed base) '
G e cams S s Sam — s

-5%

100%

gas production «d o/.L ______ _
I Emissions during the service life I

859, High-quality SF6 t’ased on 0.1% per year I

end o?life gasemissions N — ~ ~ ~ ~ T T T

"Collection and | lifecycle

Collection and ) 0’5 %

transportation I_ 059
)

R v

I Gy
Extraction of SFg —

_(Em:s_w:tch_ge_ai)_ _JI End of life emissions
from switchgear I Source: KEMA (2008), Ecofys (2010)

A
E-T-N .
© 2025 Eaton. All rights reserved.
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r
Emissions in end-of-life |
| and disposal phases

are significant and must |

| Leakage during inspection | not be ignored. |
l_&mamtenance / ________ ]
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L series

2024/573 20.2.2024

- Official Journal
of the European Union

(44) The import from and export to a State that is not party to the Protocol of HFCs as well as of products and equipment
containing HFCs or whose functioning relies upon those pases should be prohibited as from 2028. The Protocol
envisages that prohibition from 2033, and the purpose of its earlier application under this Regulation is to ensure
that the global HFC reduction measures of the Kigali Amendment provide the envisaged benefit to the climate as
soon as possible.

EF:T-N
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What between now and 1-1-20267?

To consider

« SF; insulation is seen as
environmental unfriendly.
The banked amount adds
to CO, footprint

* The dismantling cost for
SF, insulated gear will
raise and negatively
influence TCO

» Green public procurement
in public tenders

E:T-N
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Switching to SFg-free - answering challenges

* Product selection * Education and awareness: understand available options

. Migration process considering performance, safety, and cost

* Access to resources: whitepapers, case studies,
and expert insights

* Collaboration: engage with SFg-free manufacturers
and learn from their expertise

* Early adoption: act now

EF.T-N
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Alternatives to SF6 GIS

« Conventional AIS (primary switchgear)
* Fluorketones / Fluornitrilles (GIS)

 Air (or natural air components) under high pressure
(GIS)

« Solid Insulation (SIS)
* Air under Atmospheric pressure (AIR GIS) > Xiri

S

« Switching in Vacuum

E-
Aowenng Boorwss Wokeas

2025 Eaton. All rights reserved.



AlS -
Conventional

air-insulated
switchgear

EF.T-N

Powering Business Worldwide

AIS

Mainly for primary switchgear

Primary insulation medium is Air (surrounding Air)
No tank / hermetic concept

More affordable than GIS

Simpler structures than with GIS

Withdrawable CBs / other modules

Less down-time due to fast change of CB possible

Larger dimensions compared to GIS/SIS (For high currents
this difference is small)

© 2025 Eaton. All rights reserved. 63



SIS - Solid

iInsulated
switchgear

EF.T-N

Powering Business Worldwide

* Primary & secondary switchgear

* Open enclosure / compartmentalized (PM)

* Primary parts are insulated with solid material

» Decreased air gap between phases

« Conductors enclosed in solid materials

+ Compact and safe design — requires less space

* More expensive than AIS

» Keeps electrical properties as cast resin is not aging

© 2025 Eaton. All rights reserved.
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SSIS —
Shielded or

Screened
SIS

EF.T-N

Powering Business Worldwide

Conductive layer outside of the insulating layer)
Ground shield around each phase of the switchgear
No exposure to live parts
The ground layer;

* minimizes phase-to-phase interaction

* reduces the likelihood of arc flash

* helps to protect the insulating material itself
More expensive than SIS

The ground shield behaves like a «Faraday cage»

© 2025 Eaton. All rights reserved.
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Secondary and primary switchgear

N eW G I S . AN/ +  Pressurized industrial air (mainly N2) or pressurized air
R - - Hermetically sealed-for-life tank

P ressu rl Zed B P : (Active/primary parts in the tank require no maintenance)

Compact design but pressure checks needed

all’ or | :
CO m pO n e ntS | N | Dielectric properties can get lost when pressure is lost

Operational personnel needs to be certified
Pressure up to 2.5 bars abs - higher than with SFg

f . Relatively new technology
O al r If leaking than the dielectrical behavior is on stake

(I N d U Stn al (Design needs to be verified in the field for long-term behavior)
air)

EF.T-N
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Non-
pressurized

air-GIS

EF.T-N

Powering Business Worldwide

» Hermetically sealed-for-life tank; GIS

» For active/primary parts - no maintenance
required

» Compact, safe design and less TCO
» Switching using vacuum interrupters
» Lifetime of more than 40 years

» Proven technology

* No pressure in the tank = no certified
operational personnel needed

» Very stable dielectrical behavior, even if the
tank would be leaking

» Xiria uses this proven technology
* On the market since 2002

© 2025 Eaton. All rights reserved.
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Ahead of our time

A

Eaton — Ahead of Its Time Developing SF -free Switchgear

1920

1960
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1965

1967

e
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S b e 2002

B | 1997 =%

E.-T-N iIi'l
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© 2025 Eaton. All rights reserved.

200

2019

F-1°N

2024

2023

-
"

F.1°N




F-gas free Solution

>

S AR A

\We make whatmatters work %

Moist
A S
Dust _*o/;

:
:

. R

Xiria’s sealed for life compartment contains air under atmospheric pressure
GIS concept prevents primary components from ingress of moisture and dust
Switching in vacuum will not detoriate the dielectrical strenghth of the switchboard

Proven design, Xiria’s are in all kind off applications since 2002 (12kV) and 2003 (24kV)

No pressure vessel, No additional trainings, no pressure meter

EF:T-N
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Sealed-for-Life Enclosure -GIS-

The sealed compartment is filled with dry air and by sealing
this compartment the primary parts and tripping mechanism
are protected from environmental influences such as moist,

dust and any kind of animals or insects

By means of the sealed compartment the primary parts,
switches and circuit breakers are maintenance free

Where SF; insulated switchgear relies on a man-made gas
to prevent from an internal arc, this solution is 100% F-gas
free. With the benefit of maximised safety for people and the
planet, personnel and our environment

See also our Cired paper 0088 from the conference in 2021

E-T°N
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Core competences

Safety,
Sustainability and
Availability

* Arc free design
«  Arc proof design

« Sk, free
 System
integration

Vacuum

Interrupters

Solid Insulation &
Electrical Field
Control

- .N
E- l
Roweong Boorwss Wokteas
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Xiria for high-end secondary applications

Power plants Offshore and

marine

Green energy

Infrastructure
S

~’§,~\

\yA & Main stations

Commercial
buildings

.
o’
g

Heavy

% p 7,
industry Distribution . ",
substations v Shops and

offices

-
Transformer
stations

Residential

\\\\\\F\/ applications

Power generation Solutions and

Process Services

industry .,
Industry

Green energy

)
E:T-N 7
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Xirila NGX

« Single compact 500 mm wide extendable panels

- Rated voltage 24 kV

* Busbar current 1250 A

»  Circuit-breaker rating 630 or 1250 A

« Short circuit rating up to 25 kA - 3s

* Internal arc classification AFL(R) 25 kA - 1s

* Loss of Service Continuity LSC2

« Partition class PM

* Robust auto-reclose switching mechanism (OCO)

« |EC type tested by STL laboratory KEMA, Netherlands

E:T-N
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Xiria NGX basic design

Low voltage compartment ’

| Intuitive control panel |-§
| Inspection windows i/ [N

| Connection cones '/‘

B oy Y

Cable compartment door }\
(s

EF:T-N

Mowenng Beorwss WokSeas

Low voltage compartment

: Front operation module

Spring charging mechanism

Stainless steel tank

D Cable compartment

2-position change-over
switch

D Arc channel (optional)

Busbars

Vacuum interrupter

Current transformer

Voltage transformer

Cable clamps

77
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Product portfolio overview up to 24 kV

€L

- 0 630 1250 2000 2500 3150 4000 [4]

Xiria 630 Power Xpert FMX

E:T°N
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The Product Development moves on

» Technologies for higher voltages (38kV)
« Digitalization — Protection — Control
« 24kV -1250A compact SF6 free introduced

EF:T-N
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Further Reading

1N
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your value
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What is 5F. g and how does it impuct the

senitorement’?

www.eaton.com/sf6-free
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DovZimerman@eaton.com

052-3392121
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http://www.eaton.uk.com/EatonUK/ProductsSolutions/Electrical/ProductsServices/PowerDistributionMonitoring/index.htm
mailto:DovZimerman@eaton.com
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