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I, Michael Eves, declare as follows: 

1. I was employed as a Power System Engineer at WSP | Parsons 

Brinckerhoff (“WSP”) from October 2014 to October 2018. During my tenure at 

WSP, I prepared a paper entitled SF6 Alternatives: A Literature Review on SF6 Gas 

Alternatives for use on the Distribution Network (the “SF6 Paper”), attached as 

EX1022.  I prepared the SF6 Paper by 22 January 2018.  

2. In preparing the SF6 Paper, I reviewed then-available switchgear 

technology and considered the Schneider Premset switchgear. One document I 

reviewed was a Schneider Premset catalog, having a Schneider document number of 

6045CT1601, for the Premset 15 kV Switchgear (the “Schneider Premset catalog”).  

I found the Schneider Premset catalog on the website of Schneider Electric.  I cited 

to the Schneider Premset catalog in footnote 55 of the SF6 Paper.  The Schneider 

Premset catalog is attached as EX1007.  On 30 November 2017, I accessed the 

Schneider Premset catalog on Schneider Electric’s website using the link identified 

in footnote 55 of the SF6 Paper.   

3. I declare under penalty of perjury under the laws of the United States 

of America that the foregoing is true and correct. I understand that willful false 

statements and the like are punishable by fine or imprisonment, or both (18 U.S.C. 

§ 1001). 
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Introduction
Shielded Solid Insulation System (2SIS)
The entire main circuit is solid insulated with epoxy or EPDM, reducing exposure 
to live parts:
•	 Reduced sensitivity to harsh environments (humidity, dust, pollution, etc.)
•	 Reduction of phase-to-phase fault risks.
The solid insulation is ground shielded
•	 Extended life expectancy
The shielded solid insulation system extends switchgear life and increases 
reliability.

Innovative single-line diagram, new arrangement  
of main functions
The PremsetTM single-line diagram is composed of:
•	 A vacuum circuit breaker
•	 An isolating ground switch within a sealed tank with air at atmospheric pressure 
•	 MV cables can be directly grounded with the isolating ground switch before opening
the cable compartment panels
•	 the arrangement of the two devices in series provides double isolation between	

	 	 the busbars and cables
•	 the system does not contain SF6 and is RoHS compliant, for your peace of 		

	 	 mind regarding end-of-life treatment and environmental concerns.

Integrated core units
Easy and intuitive operation of the circuit breaker and isolating ground switch:
•	 Simple operation, with just 3 positions for all units: 	
     connected – open – grounded
•	 Intuitive active mimic bus diagram, with clear indicators for the circuit breaker and 	
	 grounding switch
•	 All interlocks between functions are positively driven and built-in as standard

Consistent cubicle architecture for all circuit breakers
Multiple circuit breaker load options and two types of operating mechanisms:
•	 D01N and D02N: 100 A and 200 A circuit breakers for light load and operation
•	 D06N: 600 A circuit breaker for simple protection and light operation
•	 D06H / D12H: 600 A and 1200 A circuit for standard/heavy duty load and operation

Modular system architecture, simplifying installation 
and upgrades
The entire range of core units is optimized for dedicated applications, sharing:
•	 Same dimensions and footprint, 14.75 in. (375 mm) base form factor width
•	 Same auxiliaries such as electrical operation devices, accessories, and options 
•	 Same intuitive operation
•	 Same elbow-style cable connections

Shielded Solid Insulation System
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Innovative auxiliary features
Live cable interlock:
An electrical interlock helps prevent the grounding of live cables in main circuit 
breakers (optional for feeder breakers)
Cable test device interlocked with isolating ground switch, simplifying cable 
testing and diagnosis:
•	 Cable testing without accessing the cable compartment
•	 Test device connection  from the front of the switchgear, while cables remain 	 	
	 grounded 
•	 Interlocks with grounded wye point

Auto-transfer scheme without traditional iron core VTs
•	 Open or closed transition (hold-time contact for 3rd party voltage sync	device)

Ready for smart grids
Self-powered protection with embedded communications
Integrated metering and power measurement functions:
•	 Integration of power measurement in feeders without additional space
Switchgear automation features:
•	 Modular architecture for scalable solutions (distributed intelligence)
•	 Linked by field bus using standard ethernet Modbus protocol
•	 Easy to integrate in SCADA systems via multiple protocols (Modbus, IEC 61850)
•	 Embedded web interface metering
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Architecture and Components

Premset switchgear is made up of functional units, each representing 	
a type-tested assembly composed of a basic core unit and other functional blocks 
designed to work together in any combination. 

The core units are optimized for each typical application, and the assembly for ms a 
insulated functional unit with reduced sensitivity to the environment.

This Premset medium voltage system makes it possible to meet most 	
of your application needs.
•	 Flexibility and simplicity in the design of functional units
•	 Reliability of type-tested assemblies
•	 Small footprint space savings
•	 Environmentally robust components
•	 Shorter lead times and the possibility of making last-minute modifications
•	 Easy extension and upgrades.

Functional section = An assembly of functional blocksSwitchgear

=	 +

Functional 
section 

3  Core unit
•	 Circuit breaker
•	 Riser unit 
•	 Bus ground switch

1  LV cabinet
•	 Protection (Sepam)
•	 Measurement
•	 Control

2  Busbar connections
•	 Copper
•	 Aluminum

4  Bottom connections
•	 Cables
•	 Busbars

5  Bottom compartment
•	 Cable box
•	 Extra base plinth
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Simplicity with mix-and-match modular architecture based on functional blocks

Different depths

Different 
types

1 Top connections

2 Core unit

3 Bottom connections

4 Bottom compartment

5 Sensors (CTs and VTs)
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Modular busbar system with shielded 	
solid insulation

Vacuum bottles with shielded 	
solid insulation 	

Integrated isolating ground switch 
enclosed in tank with 	
shielded solid insulation

Built-in current sensors for 
optimized protection and control

Front aligned cable connections 	
with shielded solid insulation,	
designed for easy cable installation 

Shielded Solid Insulation System
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Current and voltage transformers integrated in main functions

1

2

1  
Current transformer or sensors located under the 
core unit 
•	 Low-power current transformer for SepamTM relay
•	 1 A ring-type current transformer for Sepam and  		
	 MiCOM protection relays, or any conventional relay 	
	 (ARU2)S

2
Current transformers located around bushings
•	 Current transformer for power measurement (ARU1)
•	 Current transformer for fault passage indication

3
Low-Power Voltage Transformers (LPVT)
•	 Connected to the medium voltage side by a 	 	
	 flexible link.
•	 Provides a low voltage output signal used for relay 	
	 protection or power monitoring

3
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Distributed intelligence

With Premset switchgear, intelligence can be added to functional units by integrating 
protection, control, and monitoring devices. 

These devices have dedicated locations and cabling and are daisy-chained 
throughout the various functional units using RJ45 connectors and Modbus protocol.
A gateway can be used to connect the monitoring and controls to a supervision 
system via Ethernet, TCP-IP, and/or radio-frequency communication. 	

Premset switchgear is web-enabled to let you access information on your electrical 
installation via a PC with a standard web browser.
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Premset switchgear is designed to integrate distributed 
intelligence for switchgear automation, protection, and energy 
quality applications.

1 - Fault detection
•	 Fault Passage Indicators: Flair 21D/22D, Flair 23DM 
•	 Voltage indicators: VPIS, VDS

2 - Protection
•	 Auxiliary powered: SepamTM  and MiCOMTM protection relays (others available)

3 - Measurement
•	 Power/QualityWaveform Meter: ION7650
•	 Power Meter: PM5000
•	 Power/Quality Meter: PM8000

4 - Local control
•	 Switch/Breaker control panel: SC100
•	 Control switch: SC-MI

5 - Remote control
•	 Embedded intelligent devices
•	 Switch controller for local communication network: SC100
•	 Switch controller for remote communication network : SC110
•	 Backup power supply: PS100

Energy quality applications

Energy 
costs

Continuity 	
of service

Power 
quality
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Distributed architecture for easy installation, 
operation, and scalability
The protection and automation services used in the Premset system have been 
designed to optimize switchgear performance and compactness. They can be 
used to build a robust distributed architecture suited to harsh environments.
•	  Modular architecture for scalable solutions from local control up to complex 	 	
	 switchgear automation, optimizing cost and performance by letting you choose only 	
	 what you need
•	 Each circuit breaker is fully integrated in a functional section with a dedicated 	 	
	 location and cabling
•	 Pre-engineered, pre-tested, and cost effective, the system includes the necessary 	
	 sensors, bus and cable connections, power supplies, communication solutions, and 	
	 HMIs
•	 Easy integration based on field bus communication between automation, protection, 	
	 and metering devices with a 	plug-and-play system that scans and configures the 	
	 system
•	 The field bus uses standard Ethernet Modbus protocol open to third-party devices
•	 Each device has a compatible XML description file based on Common Information 	
	 Model (CIM) / IEC 61850 standard. This allows easy configuration to communicate 	
	 with Supervisory Control and Data Acquisition (SCADA) system.

Web technology
Premset switchgear integrates Web technology so that access to information on your 
electrical installation is as easy as opening a Web page. 
All you need is a standard Web browser and a PC connected via:
•	 Your local area network
•	 Pluggable connection to the Premset switchgear
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Auto-adapting fault passage indicator with remote 
communication for higher power network availability
The Flair range offers cost-effective, auto-adapting, fault passage indicators (FPI) 	
that can be fully integrated in the cubicle.
In addition to the Flair 21D /22D self-powered FPIs, the range includes 	
the Flair 23DM , a powerful FPI with a communication port.
•	 The Flair 23DM is linked to the voltage presence indication system (VPIS) 	
	 to confirm detected faults by undervoltage instead of current measurement, thereby 	
	 helping avoid transient detected faults
•	 The Flair 23DM provides an integrated output voltage relay 
•	 Phase fault and standard ground fault detection are maintained even if the power 	
	 supply is lost. The auxiliary power supply is only needed for communication 	
	 and the voltage presence relay
•	 The communication port provides the current values, records diagnostic information 	
	 (voltage drops, transient fault indications), and makes it possible to modify settings 	
	 remotely.

Sepam protection and control units
Sepam 20, 40, and 80 series digital protection relays take full advantage of Schneider 
Electric’s experience in electrical network protection to meet your needs.
•	 Effective switchgear protection of electrical networks
•	 Accurate measurements and detailed diagnostics
•	 Integral equipment control
•	 Local or remote indication and operation
The Sepam range complies with IEC 61850.

MiCOM protection
MiCOM protection provides the user with a choice of cost-optimized solutions for 
specific protection requirements within the distribution network. The MiCOM relay 
series offers comprehensive protective function solutions for all power supply systems, 
as well as for various functional and hardware project stages.

Backup power supply
Backup power supplies (UPSs or batteries) are now common in industrial and 
commercial applications.

The Premset system includes the PS100, a dedicated solution with a high insulation 
level designed to provide 24 hours of backup power to electronic devices.
Maintenance is easy with:
•	 Just one battery to replace
•	 End-of-life alarm possible via Modbus communication.

LPCTs for Sepam
Low Power Current Transfomers (LPCT) use air-core technology that offers 	
a number of advantages in Premset cubicles.
•	 Simpler selection: a single sensor can be used for both measurement and protection 	
	 over the entire range of operating currents
•	 Easy installation: the LPCT output is plugged directly into the Sepam relay 	 	
	 with reduced risk of overvoltage when disconnecting
•	 Flexibility of use: easy adaptation to changes in power levels and/or protection 	 	
	 settings during MV system design or service life
•	 High accuracy up to the short-time circuit current with minimal saturation
•	 Compact design: small size and weight allows easy integration in Premset cubicles.
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Main applications

Why Premset Switchgear?
Premset switchgear is compact, modular and has reduced sensitivity to harsh 
environments. For these reasons, it offers the highest reliability and efficiency for a 
wide range of applications.

Typical applications
Premset switchgear is applicable to a variety of industries and designs.

Industries
•	 Healthcare
•	 Data centers
•	 Water / wastewater treatment
•	 Large commercial and high-rise buildings
•	 Industrial manufacturing
•	 Metals and mining
•	 Food and beverage

Distribution designs
•	 MV/LV substations
•	 MV radial distribution
•	 MV loop distribution
•	 MV distributed generation

Premset switchgear's advanced communication possibilities allow for applications 
such as:
•	 Local or remote control
•	 MV automatic transfer system (ATS)
•	 Building management or electric distribution management systems

Buildings
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Incomer and feeder functions

Function Line main / Line feeder Transformer protection
Single-line diagram 

 Core unit type D06N D06H D12H G06 D01N D02N D06H D12H
Dimension                  width: in. (mm) 14.75 (374.65) 14.75 (374.65) 29 (736.6) 14.75 (374.65) 14.75 (374.65) 14.75 (374.65) 14.75 (374.65) 29 (736.6)

Typical application of protection General protection Line protection Line protection Transformer protection Transformer protection Transformer protection Transformer protection

Generator protection Generator incomer
Core unit Latching CI1 mechanism 

and  integrated grounding 
switch

Circuit breaker with 
stored-energy OCO 
mechanism and integrated 
grounding switch

Circuit breaker with 
stored-energy OCO 
mechanism and  integrated 
grounding switch

Direct connection to 
busbars

Circuit breaker with latching CI1 
mechanism and integrated 
grounding switch

Circuit breaker with latching CI1 
mechanism and integrated 
grounding switch

Circuit breaker with stored-energy 
OCO mechanism and integrated 
grounding switch

Circuit breaker with stored-energy 
OCO mechanism and  integrated 
grounding switch

See details  Page 29 30 32 33 28 28 30 32

Grounding switch     ■(1)     ■(1)     ■(1)     ■(1)     ■(1)     ■(1)     ■(1) 

Live cable interlock  52 □ □ □ □ □ □ □
 Protection (only one option possible)
Sepam 20 Auxiliary powered 48 □ □ □ □ □ □ □ □

Sepam 40, 80 Auxiliary powered 48 □ □ □ □ □ □ □ □
MiCOM Auxiliary powered 48 □ □ □ □ □ □ □ □
 Fault passage indicator (only one option possible)
Flair 21/22D/23DM Fault passage 49 □

 Metering (only one option possible)
PM5000 Power Meter 53 □ □ □ □ □ □ □ □

PM8000 Power/Quality Meter 54 □ □ □ □ □ □
ION7650 Revenue Meter □ □ □ □ □ □ □ □
 Control 
Electrical operation 29 □ □ □ □ □ □ □

Controller and accessories 29 □ □ □ □ □ □ □
Additional opening coil (MX or MN) 35 □ □ □ □ □
Auxiliary contacts 55 □ □ □ □ □ □ □
 Voltage indication (only one option possible)
VPIS or VDS Voltage indication 51 □ □ □ □ □ □ □ □

LPVT Low-power voltage 
transformers

43 □ □ □ □ □ □ □

 Metering current transformers (only one option possible)
ARU1 Ring CTs 42 □ □ □ □ □ □ □ □

ARC6 Ring CTs 42 □ □ □ □ □ □

■ Required     □ Optional

(1)For core units without a grounding switch, contact your local Schneider Electric representative for availability.
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Function Line main / Line feeder Transformer protection
Single-line diagram 

 Core unit type D06N D06H D12H G06 D01N D02N D06H D12H
Dimension                  width: in. (mm) 14.75 (374.65) 14.75 (374.65) 29 (736.6) 14.75 (374.65) 14.75 (374.65) 14.75 (374.65) 14.75 (374.65) 29 (736.6)

Typical application of protection General protection Line protection Line protection Transformer protection Transformer protection Transformer protection Transformer protection

Generator protection Generator incomer
Core unit Latching CI1 mechanism 

and  integrated grounding 
switch

Circuit breaker with 
stored-energy OCO 
mechanism and integrated 
grounding switch

Circuit breaker with 
stored-energy OCO 
mechanism and  integrated 
grounding switch

Direct connection to 
busbars

Circuit breaker with latching CI1 
mechanism and integrated 
grounding switch

Circuit breaker with latching CI1 
mechanism and integrated 
grounding switch

Circuit breaker with stored-energy 
OCO mechanism and integrated 
grounding switch

Circuit breaker with stored-energy 
OCO mechanism and  integrated 
grounding switch

See details  Page 29 30 32 33 28 28 30 32

Grounding switch     ■(1)     ■(1)     ■(1)     ■(1)     ■(1)     ■(1)     ■(1) 

Live cable interlock  52 □ □ □ □ □ □ □
 Protection (only one option possible)
Sepam 20 Auxiliary powered 48 □ □ □ □ □ □ □ □

Sepam 40, 80 Auxiliary powered 48 □ □ □ □ □ □ □ □
MiCOM Auxiliary powered 48 □ □ □ □ □ □ □ □
 Fault passage indicator (only one option possible)
Flair 21/22D/23DM Fault passage 49 □

 Metering (only one option possible)
PM5000 Power Meter 53 □ □ □ □ □ □ □ □

PM8000 Power/Quality Meter 54 □ □ □ □ □ □
ION7650 Revenue Meter □ □ □ □ □ □ □ □
 Control 
Electrical operation 29 □ □ □ □ □ □ □

Controller and accessories 29 □ □ □ □ □ □ □
Additional opening coil (MX or MN) 35 □ □ □ □ □
Auxiliary contacts 55 □ □ □ □ □ □ □
 Voltage indication (only one option possible)
VPIS or VDS Voltage indication 51 □ □ □ □ □ □ □ □

LPVT Low-power voltage 
transformers

43 □ □ □ □ □ □ □

 Metering current transformers (only one option possible)
ARU1 Ring CTs 42 □ □ □ □ □ □ □ □

ARC6 Ring CTs 42 □ □ □ □ □ □

Transformer protection

LIBERTY EXHIBIT 1007, Page 21
LIBERTY EXHIBIT 1025, Page 25



22
05/2017 © 2017 Schneider Electric 

All Rights Reserved

PremsetTM Medium Voltage Switchgear
Building Your Solution

™

Function Bus-tie circuit breaker section
Single-line diagram

 Core unit type D06N D06H D12H
Dimension                  width: in. (mm) 14.75 (374.65) 14.75 (374.65) 29 (736.6)
Typical application of protection

Bus segment isolation and power 
redundancy

Bus segment isolation and power 
redundancy

Bus segment isolation and power 
redundancy

Core unit Circuit breaker with latching CI1 
mechanism and integrated 
grounding switch

Circuit breaker with stored-energy 
OCO mechanism and 	
integrated grounding switch

Circuit breaker with stored-energy 
OCO mechanism and 	
integrated grounding switch

See details  Page 29 30 32

Grounding switch     ■(1)     ■(1)     ■(1)

Cable testing device 8
Live cable interlock  52
 Protection (only one option possible)
Sepam 20 Auxiliary powered 48 □ □ □
Sepam 40, 80 Auxiliary powered 48 □ □ □
MiCOM Auxiliary powered 48 □ □ □
 Fault passage indicator (only one option possible)
Flair 21/22D/23DM Fault passage 49
 Metering (only one option possible)
PM5000 Power Meter 53
PM8000 Power/Quality Meter 54
ION7650 Revenue Meter
 Control 
Electrical operation 29 □ □ □
Controller and accessories 29 □ □ □
Additional opening coil (MX or MN) 35 □ □
Auxiliary contacts 55 □ □ □
 Voltage indication (only one option possible)
VPIS or VDS Voltage indication 51 □ □ □
LPVT Low-power voltage 

transformers
43 □ □ □

 Metering current transformers (only one option possible)
ARU1 Ring CTs 42
ARC6 Ring CTs 42   

Bus-tie circuit breaker section 

■ Required     □ Optional

(1)For core units without a grounding switch, contact your local Schneider Electric representative for availability.
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Function Bus-tie circuit breaker section
Single-line diagram

 Core unit type D06N D06H D12H
Dimension                  width: in. (mm) 14.75 (374.65) 14.75 (374.65) 29 (736.6)
Typical application of protection

Bus segment isolation and power 
redundancy

Bus segment isolation and power 
redundancy

Bus segment isolation and power 
redundancy

Core unit Circuit breaker with latching CI1 
mechanism and integrated 
grounding switch

Circuit breaker with stored-energy 
OCO mechanism and 	
integrated grounding switch

Circuit breaker with stored-energy 
OCO mechanism and 	
integrated grounding switch

See details  Page 29 30 32

Grounding switch     ■(1)     ■(1)     ■(1)

Cable testing device 8
Live cable interlock  52
 Protection (only one option possible)
Sepam 20 Auxiliary powered 48 □ □ □
Sepam 40, 80 Auxiliary powered 48 □ □ □
MiCOM Auxiliary powered 48 □ □ □
 Fault passage indicator (only one option possible)
Flair 21/22D/23DM Fault passage 49
 Metering (only one option possible)
PM5000 Power Meter 53
PM8000 Power/Quality Meter 54
ION7650 Revenue Meter
 Control 
Electrical operation 29 □ □ □
Controller and accessories 29 □ □ □
Additional opening coil (MX or MN) 35 □ □
Auxiliary contacts 55 □ □ □
 Voltage indication (only one option possible)
VPIS or VDS Voltage indication 51 □ □ □
LPVT Low-power voltage 

transformers
43 □ □ □

 Metering current transformers (only one option possible)
ARU1 Ring CTs 42
ARC6 Ring CTs 42   

Bus-tie riser

G12 G06
14.75 (374.65) 14.75 (374.65)

Direct connection to busbars Direct connection to busbars

33 33

□ □
□ □
□ □

□ □

Bus-tie riser
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Special functions
Function 
Single-line diagram

Core unit type

Dimension                width: in. (mm)
Typical application of protection

Core unit

See details  Page

Grounding switch
Cable testing device 8
Live cable interlock  52
 Protection (only one option possible)
Sepam 20 Auxiliary powered 48
Sepam 40,80 Auxiliary powered 48
MiCOM Auxiliary powered 48
 Fault passage indicator (only one option possible)
Flair 21/22D/23DM Fault passage 49
 Metering (only one option possible)
PM5000 Power Meter 53
PM8000 Power/Quality Meter 54
ION7650 Revenue Meter
 Control 
Electrical operation 29
Controller and accessories 29
Additional opening coil (MX or MN) 35
Auxiliary contacts 55
 Voltage indication (only one option possible)
VPIS or VDS Voltage indication 51
LPVT Low-power voltage 	

transformers
43

 Metering current transformers (only one option possible)
ARU1 Ring CTs 42
ARC6 Ring CTs 42

Special functions

ES-B

14.75 (374.65)

Dedicated to busbar 
grounding

34

□

■ Required     □ Optional

(1)Core units without grounding switch, contact your local Schneider Electric representative for availability. 	
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Characteristics / Standards
Main electrical characteristics
Voltage
Rated voltage kV 5 15
Rated frequence Hz 50/60

Insulation level
Rated short-duration power-frequency withstand voltage
- phase to phase, phase to ground, open contact gap 20 38
Rated lightning impulse withstand voltage (BIL)
- phase to phase, phase to ground, open contact gap 60 95

Current
Rated normal current for the busbar  up to  A 1200
Rated short-time withstand current up to kA 25
Rated short-circuit breaking current
Circuit breaker: D01N, D02N, D06N, D06H, D12H up to  kA 25
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Standard Dimensions
Uniform dimensions for the entire system

•	 Width: 14.75 in. (375 mm) for all 600 A circuit breaker units
•	 1200 A circuit breaker units: 29.5 in. (750 mm) wide, but still fully  	
	 compatible with the rest of the system
•	 Depth: 35.8 in. (910 mm), for front cable connection
•	 Height: 78.5 in. to 86.5 in. (1550 to 1995 mm), depending on 	
	 the LV cabinet (see Dimensions and Weights on page 60)
•	 Cable connections: 27.5 in. (700 mm) high front-aligned 	 	
	 connections

14.75 in. (375 mm)

  35.8 in. 	
(910 mm)

   78.5 in. 	
(1995 mm)
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Applicable standards
Premset units meet all the following international standards:
•	 ANSI/IEEE C37.20.3: IEEE Standard for Metal-Enclosed Interrupter Switchgear
•	 ANSI/IEEE C37.04: Standard rating structure for AC high-voltage circuit breakers
•	 ANSI/IEEE C37.06: Standard AC high-voltage circuit breakers rated on a symmetrical current basis
•	 ANSI/IEEE C37.09: Standard test procedure for AC high-voltage circuit breakers rated on a symmetrical current basis
•	 ANSI/IEEE C37.11: Standard requirements for electrical control for AC high-voltage circuit breakers rated on a symmetrical current basis
•	 NEMA SG4: Alternating-Current High Voltage Circuit Breaker
•	 NEMA SG5: Power Switchgear Assemblies
•	 NEMA SG6: Power Switching Equipment
•	 IEC 60044-8: Instrument transformers - Part 8: Low Power Current Transducers
•	 IEC 61869-2: Instrument transformers – Part 1: Current transformers
•	 IEC 61869-3: Instrument transformers – Part 2: Voltage transformers
•	 IEC 60255: Electrical relays

For detailed dimensions showing front connection and rear 
connection, please see Dimensions and Weights on page 60.

29.5 in. (375 mm)
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Normal service conditions

Enclosure Rating
•	 Enclosure is NEMA 1 Indoor, Type B (ANSI C37.20.3)

Environmental characteristics
Altitude above sea level (max.) •	 10,000 ft (3000 m) (1)

Ambient air temperature •	 Storage : from -40 °F  to +175°F (- 40 °C to  +80 °C)
•	 Operation: from  -22 °F to +104 °F (- 30°C to  +40 °C) 

Humidity •	 <= 95% Relative Humidity
(1) Over 10,000 ft (3000 m), please contact your local Schneider Electric representative.
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Basic equipment
•	 core unit

•	 vacuum circuit breaker providing both load and fault breaking
•	 integral two-position isolating ground switch (cable side)

•	 mechanism: 
•	 operating circuit breaker with CI1 type operating mechanism featuring 	 	

	 	 pushbutton opening and anti-reflex lever-operated closing
•	 both operation speeds are independent of operator action
•	 mechanical interlocking between the circuit breaker and grounding switch

•	 top or bottom cable entry/exit with type C cable elbow connection accomodating 		
	 up to two (qty 2) 500-kcmil cables per phase
•	 voltage presence indicator
•	 cable box with 27.5 in. (700 mm) length cable connection and 11.4 in. (290 mm)	 	
	 deep door
•	 standard built-in padlocking facility for main circuit breaker, grounding switch, and 	
	 interlock (shackle diameter < 0.35 in. (9 mm))
•	 camera for visible disconnect of isolating ground switch
•	 interlocking between cable box door and grounding switch

Accessories
Operation accessories options 
•	 electrical remote operation
•	 auxiliary contacts on circuit breaker and grounding switch
•	 voltage present /absent contact 
•	 local/remote control switch 
•	 auxiliary power shut down switch 
•	 operation counter 
•	 additional tripping coil
•	 pushbutton protection cover
Connections options
•	 surge arresters with cable connection
•	 deeper cable box door (13.8 in. (350 mm) or 17.8 in. (450 mm))
•	 Larger low-voltage control cabinet 
•	 base plinth (10.2 in. (260 mm) or 20.5 in. (520 mm))
Interlocking options
•	 key-type interlocking 

•	 main circuit breaker in open position (1 or 2 keylocks)
•	 grounding switch in cable grounded position (1 or 2 keylocks)
•	 grounding switch in ‘line’ position(1 or 2 keylocks)

•	 live cable interlocking (standard equipment for main incoming circuit breakers)
Protection relay option
•	 protection relay

•	 Sepam
•	 MiCOM
•	 others available

Circuit breaker

The D01N, D02N uses vacuum and SSIS technology
•	 the smallest VCB in the world, only 375mm width
•	 rated current is 100A / 200A, dedicated desing for 
transformer protection 
•	 with self power relay optimize performance, fast 

P
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D01N, D02N
 Rated voltage (kV) 5 15
Rated current 100 (D01N); 200 (D02N) A 100 (D01N); 200 (D02N)
Rated short-time withstand current and duration � up to kA - 25 -  25

 for switchgear with tk=4s 20   - 20   -
Short-circuit breaking capacity up to kA 21 25 21 25
Rated making capacity of main circuit breaker and grounding 
switches

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

52 62 52 62
54 65 54 65

No-load mechanical endurance of main circuit breaker Number of operation cycles 2000
Operating sequence CO-15s-CO
Maximum number of operations at Isc 5
Total clearing time at Isc � ms <50
No-load mechanical endurance of grounding switch Number of operation cycles 1000 
Fault making operations of grounding switch Number of operation cycles 5
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Technical characteristics

 Rated voltage (kV) 5 15
Rated current 100 (D01N); 200 (D02N) A 100 (D01N); 200 (D02N)
Rated short-time withstand current and duration � up to kA - 25 -  25

 for switchgear with tk=4s 20   - 20   -
Short-circuit breaking capacity up to kA 21 25 21 25
Rated making capacity of main circuit breaker and grounding 
switches

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

52 62 52 62
54 65 54 65

No-load mechanical endurance of main circuit breaker Number of operation cycles 2000
Operating sequence CO-15s-CO
Maximum number of operations at Isc 5
Total clearing time at Isc � ms <50
No-load mechanical endurance of grounding switch Number of operation cycles 1000 
Fault making operations of grounding switch Number of operation cycles 5

D06N - General protection
The D06N uses vacuum  and 2SIS technology 
•	 the smallest VCB in the world,  only 14.75 in. 	
    (375 mm) wide
•	 rated current is 600 A 

 Circuit 
Breaker

 Grounding 
    Switch

 Circuit 
Breaker

 Grounding 
    Switch
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Basic equipment
•	 Core unit

•	 vacuum circuit breaker providing both breaking load and fault breaking
•	 integral two-position isolating ground switch (cable side)

•	 mechanism: 
•	 CI1 type operating mechanism featuring pushbutton opening and anti-reflex 	

	 	 lever-operated closing
•	 both operation speeds are independent of operator action
•	 mechanical interlocking between the circuit breaker and grounding switch

•	 top or bottom cable entry/exit with type C cable elbow connection accommodating 	
	 up to two (qty 2) 500-kcmil cables per phase
•	 voltage presence indicator
•	 cable box with 27.5 in. (700 mm) length cable connection and 11.4 in. (290 mm) 		
	 deep door
•	 standard built-in padlocking facility for main circuit breaker, grounding switch, and 	
	 interlock (shackle diameter < 0.35 in. (9 mm))
•	 camera for visible disconnect of isolating ground switch
•	 interlocking between cable box door and grounding switch

Accessories
Operation accessories options 
•	 electrical remote operation
•	 auxiliary contacts on circuit breaker and grounding switch
•	 voltage present /absent contact 
•	 local/remote control switch 
•	 auxiliary power shut down switch 
•	 operation counter 
•	 additional tripping coil with optional self-power relay
•	 pushbutton protection cover
Connections options
•	 1200 A three-phase upper busbars with cable connection 
•	 surge arresters with cable connection
•	 deeper cable box door (13.8 in. (350 mm) or 17.7 in. (450 mm))
•	 compact cable box with 500 mm length cable connection 
•	 larger low-voltage control cabinet 
•	 base plinth (10.2 in. (260 mm) or 20.5 in. (520 mm))
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Technical characteristics

Rated voltage (kV) 5 15
Rated current A 600
Rated short-time withstand current and duration � up to kA 25 25
Short-circuit breaking capacity up to kA 25 25
Rated making capacity of main circuit breaker and 
grounding switches

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

62 62
65 65

No-load mechanical endurance of main circuit breaker Number of operation cycles 2000
Operating sequence CO-15s-CO
Maximum number of operations at Isc 30
Total clearing time at Isc � ms <50
No-load mechanical endurance of grounding switch Number of operation cycles 1000 
Fault making operations of grounding switch Number of operation cycles 5

The D06H uses vacuum interrupter and 2SIS 
technology 
•	 the smallest VCB in the world,  only 14.75 in. 	
	 (375 mm) width
•	 rated current is 600 A 

D06H - Heavy-duty line protection

P
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Basic equipment
•	 core unit

•	 vacuum circuit breaker providing both load and fault breaking
•	 integral two-position isolating ground switch (cable side)

•	 mechanism
•	 operating circuit breaker with stored energy type operating mechanism 	 	

	 	 (O-CO) with pushbutton opening and closing and spring charging using a 	
	 	 handle, independent of operator action

•	 heavy-duty operating cycle (O-0.3 s-CO-15 s-CO)
•	 anti-reflex lever-operated mechanism for grounding switch, independent of 		

	 	 operator action
•	 mechanical interlocking between the circuit breaker and grounding switch

•	 top or bottom cable entry/exit with type cable elbow connection accommodating 		
	 up to two 	
	 (qty 2) 500-kcmil cables per phase
•	 voltage presence indicator
•	 cable box with 27.5 in. (700 mm) length cable connection and 11.4 in. (290 mm)	 	
	 deep door
•	 standard built-in padlocking facility for main circuit breaker, grounding switch, and 	
	 interlock (shackle diameter < 0.35 in. (9 mm))
•	 camera for visible disconnect of isolating ground switch
•	 interlocking between cable box door and grounding switch

Interlocking options
•	 key-type interlocking 

•	 main circuit breaker in open position (1 or 2 keylocks)
•	 grounding switch in cable grounded position (1 or 2 keylocks)
•	 grounding switch in ‘line’ position (1 or 2 keylocks)

•	 live cable interlocking (standard equipment for main incoming circuit breakers)
Protection relay option
•	 protection relay

•	 Sepam
•	 MiCOM
•	 others available

Rated voltage (kV) 5 15
Rated current A 600
Rated short-time withstand current and duration for switchgear with tk=1s� up to kA 25 25
Short-circuit breaking capacity up to kA 25 25
Rated making capacity of main circuit breaker and 
grounding switches

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

62 62
65 65

No-load mechanical endurance of main circuit breaker Number of operation cycles 10000
Operating sequence O - 0.3s - CO-15s - CO
Maximum nnumber of fault breaking operations at rated short-circuit breaking capacity 50
Total clearing time at Isc � ms <50
No-load mechanical endurance of grounding switch Number of operation cycles 1000 
Fault making operations of grounding switch Number of operation cycles 5
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Rated voltage (kV) 5 15
Rated current A 600
Rated short-time withstand current and duration for switchgear with tk=1s� up to kA 25 25
Short-circuit breaking capacity up to kA 25 25
Rated making capacity of main circuit breaker and 
grounding switches

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

62 62
65 65

No-load mechanical endurance of main circuit breaker Number of operation cycles 10000
Operating sequence O - 0.3s - CO-15s - CO
Maximum nnumber of fault breaking operations at rated short-circuit breaking capacity 50
Total clearing time at Isc � ms <50
No-load mechanical endurance of grounding switch Number of operation cycles 1000 
Fault making operations of grounding switch Number of operation cycles 5

Technical characteristics

Accessories
Operation accessories options 
•	 electrical remote operation
•	 auxiliary contacts on circuit breaker and grounding switch
•	 voltage present /absent contact 
•	 local/remote control switch 
•	 auxiliary power shut down switch 
•	 operation counter 
•	 additional tripping coil with optional self-power relay
•	 pushbutton protection cover
Connections options
•	 surge arresters with cable connection
•	 deeper cable box door
•	 larger low-voltage control cabinet 
•	 base plinth
Interlocking options
•	 key-type interlocking 

•	  main circuit breaker in open position (1 or 2 keylocks)
•	  grounding switch in cable grounded position (1 or 2 keylocks)
•	  grounding switch in ‘line’ position(1 or 2 keylocks)

•	 live cable interlocking (standard equipment for main incoming circuit breakers)
Protection relay option
•	 protection relay

•	 Sepam
•	 MiCOM
•	 others available

LIBERTY EXHIBIT 1007, Page 31
LIBERTY EXHIBIT 1025, Page 35



32
05/2017 © 2017 Schneider Electric 

All Rights Reserved

PremsetTM Medium Voltage Switchgear
Core Units

™

The D12H uses vacuum interrupter and 2SIS	
technology 
•	 29 in. (750 mm) width
•	 rated current is 1200 A 

D12H - Heavy-duty line protection

 Circuit 
Breaker

 Grounding 
    Switch

 Circuit 
Breaker

 Grounding 
    Switch
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Basic equipment
•	 core unit

•	 vacuum circuit breaker providing both load and fault breaking
•	 integral two-position isolating ground switch (cable side)
•	 grounding switch uses air technology in sealed-for-life tank at atmospheric 		

	 	 pressure
•	 mechanism

•	 operating circuit breaker with stored energy type operating mechanism 	 	
	 	 (O-CO) with pushbutton opening and closing and spring charging using a 	 	
	 	 handle, independent of operator action

•	 heavy-duty operating cycle (O-0.3 s-CO-15 s-CO)
•	 anti-reflex lever-operated mechanism for grounding switch, independent of 	

	 	 operator action
•	 mechanical interlocking between the circuit breaker and grounding switch

•	 protection current sensors
•	  ARU2

•	 three-phase busbars for top connection (1200 A)
•	 top or bottom cable entry/exit with type C cable elbow connection accommodating 	
	 up to four (qty 4) 500-kcmil cables per phase 
•	 voltage presence indicator
•	 cable box with 27.5 in. (700 mm) length cable connection and 11.4 in. (290 mm) 		
	 deep door
•	 standard built-in padlocking facility for main circuit breaker, grounding switch, and	
	 interlock (shackle diameter < 0.35 in. (9 mm))
•	 camera for visible disconnect of isolating ground switch

Accessories
Operation accessories options 
•	 electrical remote operation
•	 auxiliary contacts on circuit breaker and grounding switch
•	 voltage present /absent contact 
•	 local/remote control switch 
•	 auxiliary power shut down switch 
•	 operation counter 
•	 additional tripping coil with optional self-power relay
•	 pushbutton protection cover
Connections options 
•	 surge arresters with cable connection
•	 deeper cable box door (17.8 in. (450 mm)
•	 base plinth (10.2 in. (260 mm) or 20.5 in. (520 mm))
Interlocking options
•	 key-type interlocking  

•	 main circuit breaker in open position (1 or 2 keylocks)
•	 grounding switch in cable grounded position (1 or 2 keylocks)
•	 grounding switch in ‘line’ position(1 or 2 keylocks)

•	 interlocking between cable box door and main circuit breaker and grounding	
	 switch live cable interlocking
Protection relay option
•	 protection relay

•	 Sepam
•	 MiCOM
•	 others available
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Rated voltage (kV) 5 15
Rated current A 1200
Rated short-time withstand current and duration � up to kA 25 25
Short-circuit breaking capacity up to kA 25 25
Rated making capacity of main circuit breaker and 
grounding switches

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

62 62
65 65

No-load mechanical endurance of main circuit breaker Number of operation cycles 10000 
Operating sequence O - 0.3s - CO-15s - CO
Maximum number of fault breaking operations at rated short-circuit breaking capacity 50
Total clearing time at Isc � ms <50
No-load mechanical endurance of grounding switch Number of operation cycles 1000 
Fault making operations of grounding switch Number of operation cycles 5

Technical characteristics

(1) Please contact your local Schneider Electric representative for availability

Bus Riser

The G06 and G12 core unit is a simple bus riser
•	 G06 can be used in various functional units: cable 	
	 bus tap, bus riser. G12 is only bus riser
•	 14.75 in. (375 mm) wide

Basic equipment
•	 Top or bottom cable entry/exit with type C cable elbow connection accommodating 	
	 up to two (qty 2) 500-kcmil cables per phase (only for G06)
•	 Voltage presence indicator
•	 Cable box with 27.5 in. (700 mm) length cable connection and 11.4 in. (290 mm) 		
	 deep door

Accessories
Connections options
•	 surge arresters with cable connection (only for G06)
•	 deeper cable box door (17.8 in. (450 mm))
•	 larger low-voltage control cabinet 
•	 base plinth (10.2 in. or 20.5 in. (260 mm or 520 mm))

G06 G12
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Rated voltage (kV) 5 15
Rated current A 600 (G06), 1200 (G12)
Rated short-time withstand 
current and duration

for switchgear with tk=1s up to  kA 25 25

Technical characteristics

G06, G12
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Special functions

The ES-B core unit is dedicated to busbar grounding: Basic equipment
•	 Internal ground switch for bus bar grounding
•	 Mechanism: 

•	 operating load switch with anti-reflex lever-operated mechanism (CIT type), 	
	 	 independent of  operator action

•	 standard built-in padlocking facility for main circuit breaker, grounding switch,	
	 	 and interlock (shackle diameter < 0.35 in. (9 mm)

Accessories
Connections options
•	 larger low-voltage control cabinet 
•	 base plinth (10.2 in. or 20.5 in. (260 mm or 520 mm))
Interlocking options
•	 optional keylocking
•	 1 or 2 keylocks for locking the ES-B function in the "open" position.
Auxiliary contacts
•	 1 optional changeover contact	

Rated voltage (kV) 5 15
Rated current (A r ms) 600
Rated short-time withstand current and duration up to   kA 25 25
Rated making capacity of circuit breaker and 
grounding switch

when fr=50 Hz
when fr=60 Hz

kA peak
kA peak

62 62
65 65

No-load mechanism endurance of circuit breaker Number of operation cycles 1000

Fault making operations of grounding switch Number of operation cycles 5

Technical characteristics

ES-B - Busbar grounding switch
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Operating mechanisms

Introduction

Three operating mechanisms meet all the needs of 
the various core units of the Premset range.
They provide user-friendly operation over the entire 
life of your switchgear.

They share the same range of auxiliaries for electrical 
operation and remote indications.

Units Type of operating mechanism
CIT CI1 OCO

D01N,D02N,D06N ■
D06H ■
D12H ■
ES-B ■

Range of operating mechanisms
Three operating mechanisms have been designed together with the core units to 
optimize performance and helps ensure user-friendly operation.
They are totally integrated within the core units and will operate over the total life 
expectancy of the switchgear.
Periodic checkup of the mechanism can be done to help ensure the performance 
depending on the environmental conditions.

All three mechanisms share the same features:
•	 intuitive operation
•	 position indications and easy-to-read mimic diagrams
•	 operator devices including motor-mechanism, opening coils (MX, MN), closing 	 	
	 coils (XF), and auxiliary switches
•	 accessories including padlocking and keylock devices
•	 grounding switch mechanism, fully interlocked with the main device	

Specific care has been taken to reinforce the harsh environment withstanding 
on mechanism and auxiliaries as well:
•	 plating for the operating mechanism parts has been tested to withstand harsh 	 	
	 environment
•	 tripping and operating coil are encased in a sealed core, so they are protected  	 	
	 against condensation and dropping water
•	 motor is encased in a protective aluminium cover
•	 auxiliary switches are sealed-type

Operating mechanism type CIT CI1 OCO
Unit application Bus bar Circuit breaker Bus bar and circuit breaker
Main circuit switch Closing Opening Closing Opening Spring charging Closing Opening

Manual operating mode Hand lever Hand lever Hand lever Push button Hand lever Push button Push button

Electrical operating mode (option) N/A N/A Motor Coil Motor Coil Coil

Network application Remote control network 
management

Remote control transformer 
protection

Remote control network mangement, need of quick 
reconfiguration (generator source, loop)

Grounding switch Closing Opening Closing Opening N/A Closing Opening

Manual operating mode Hand lever Hand lever Hand lever Hand lever Hand lever Hand lever Hand lever

P
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CI1 mechanism in D02N unit
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OCO mechanism in D06H unit
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P
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CI1 mechanism in D02N unit

OCO mechanism in D06H unit

CIT operating mechanism
•	 disconnect function

•	 opening or closing by lever or motor
•	 grounding-switch function

•	 opening or closing by lever
•	 operating energy is provided by a compressed spring which causes the 	 	

	 	 contacts to open or close when released
•	 auxiliary contacts

•	 switch 1 or 2 block (2NO+2NC/block)
•	 grounding switch 1 or 2 block (1NO+1NC/block) (1)

•	 motor option 
•	 operation counter

CI1 operating mechanism
•	 circuit breaker function

•	 closing by lever or motor
•	 operating energy is provided by a compressed spring which causes the 	 	

	 	 contacts to open or close when released
•	 opening or closing by push button (O) or trip unit

•	 grounding-switch function
•	 opening or closing by lever
•	 operating energy is provided by a compressed spring which causes the 	 	

	 	 contacts to open or close when released
•	 auxiliary contacts

•	 switch 1 or 2 blocks (2NO+2NC/block)
•	 grounding switch 1 or 2 blocks (1NO+1NC/block) (1)

•	 motor option
•	 opening releases

•	 low energy shunt trip (MiTOPTM ) with SDE contact
•	 open release (MX)
•	 undervoltage release (MN)

•	 operation counter

OCO operating mechanism
•	 circuit breaker function

•	 closing by two steps:
	 1. operating mechanism recharging by lever or motor
	 2. stored energy released by push-button (I) or trip unit

•	 opening by push button (O) or trip units
•	 grounding-switch function

•	 opening or closing by lever
•	 operating energy is provided by a compressed spring which causes the 	 	

	 	 contacts to open or close when released
•	 auxiliary contacts

•	 switch 1 or 2 blocks (2NO+2NC/block)
•	 grounding switch 1 or 2 blocks (1NO+1NC/block) (1)

•	 motor option
•	 closing releases
•	 opening releases

•	 low energy shunt trip (MiTOP) with SDE contact
•	 open release (MX)
•	 undervoltage release (MN)

•	 operation counter

(1) When motor is selected, only 1 block grounding switch auxiliary contact is available
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Motor mechanism (MCH)
The MCH electrical motor mechanism is used to charge the main springs that store the operating energy 
for the core unit mechanism.
•	 on the CIT mechanism, it allows electrical opening and closing of the core unit.
•	 on the CI1 mechanism, it allows electrical charging and closing of the core unit.
•	 on the OCO mechanism, it allows electrical charging of the core unit. 	
The motor mechanism is equipped with a “spring charged” limit switch that stops spring charging when the 
springs are fully charged. This contact is also used to indicate the “spring charged” status.
Characteristics
Power supply DC : 24, 48, 125, and 250 V AC (50/60 Hz): 120 and 220 V
Threshold 85% to 110% of nominal voltage
Consumption (VA or W) 180 W 180 VA
Motor overcurrent 2 to 3 Amps for 0.1 s
Charging time 6 s maximum
Operating rate 3 cycles maximum per minute

Shunt closing coil (XF) and opening coil (MX)
XF shunt closing coil
This coil is dedicated to the OCO mechanism, allowing for electrical closing as soon as the springs 	
are charged. 
MX shunt trip coil
This coil is dedicated to the CI1 and OCO mechanisms, allowing for electrical opening of the core unit. It 
can lock the unit in open position as long as the remote order is maintained.
Characteristics
Power supply DC

24-30 VDC, 48-60 VDC
100-130 VDC, 200-250 VDC

AC (50/60 Hz)
48-60 VAC, 110-130 VAC
220-240 VAC

Threshold XF 85% to 110% of nominal voltage
MX 70% to 110% of nominal voltage

Consumption 	
(VA or W)

Triggering 250 W 250 VA
Latched 2.5 W 2.5 VA

Undervoltage coil (MN)
This coil allows the electrical opening of the core unit in the event of an undervoltage. It can also be used for 
positive opening and locking in case of an emergency caused by a voltage drop, loss of auxiliary power, etc. It 
can be associated with a time delay unit.
Characteristics
Power supply DC

24-30 VDC, 48-60 VDC
AC (50/60 Hz)
48-60 VAC, 110-130 V AC

Threshold Opening 35% to 70% of nominal voltage
Closing  85% of nominal voltage

Consumption 	
(VA or W) 

Triggering 200 W 250 VA
Latched 4.5 W 2.5 VA

XF and MX shunt closing releases 
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MN undervoltage release
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Rotary type contacts (OC)
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MCH motor mechanism
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Accessories
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“On/Off” auxiliary position contacts
These auxiliary contacts indicate the “open” or “closed” position of the circuit breaker.
•	 rotary type changeover contacts directly controlled by the circuit breaker mechanism
•	 indication contacts are proposed:

•	 for standard relaying applications
•	 for low level control applications with PLCs or electronic circuits.

This version is compatible with Sepam series 20, series 40, and series 80 units.
Characteristics
Breaking capacity (A) Standard Minimum load: 100 mA/24 V
Cos j: 0.3 V AC 240/380 10/6 (1)

Utilization category: 	
AC12/DC12

480 10/6 (1)

690 6
V DC 24/48 10/6 (1)

125 10/6 (1)

250 3
(1) �Standard contacts: 10 A 
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Padlocking and keylocking

Padlocking
The following devices can be padlocked under the 
current cubicle design:
1 	Electrical operation lock out switch
2 	Cable test device access
3 	Grounding switch
4 	Main/Grounding safety interlock selector
5 	Main circuit breaker and/or spring charging 	

(according to the core unit type)
6 	Cable compartment

An option is available for padlocking the push button 
cover.

 Circuit 
Breaker

 Grounding 
    Switch

 Circuit 
Breaker

 Grounding 
    Switch

Keylocking (optional)
Up to 7 key lockings are available as options	
on the switching device.
1 	 Lock for overriding the live cable.
2 	Main lock for locking the grounding switch in the line/

open position.
3 	Main lock for locking the grounding switch 	

in the grounded/closed position.
4 	Additional lock for locking the grounding switch 	

in the line/open position.
5 	Additional lock for locking the grounding switch in 

the grounded/closed position.
6 	Main lock for locking the main circuit breaker 

selector in the open position.
7 	Additional lock for locking the main circuit breaker 

selector in the open position.

Key lock options 2-7 provide the possibility to have 
interlocking between/among different cubicles.
The key lock configuration can be modified after 
commissioning.

1
2
3
4
5

6
7
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Unit type

Current sensors
Protection sensors Zero sequence Metering CT

Under core unit Bushing Cable Bushing Cable
 
CuA CuB TLPU1 ARU2 CSHU

CSH120
CSH200

ARU1 ARC6

D01N ■ ■ ■ ■ ■ ■ ■
D02N ■ ■ ■ ■ ■ ■ ■
D06N ■ ■ ■ ■ ■ ■ ■
D06H ■ ■ ■ ■ ■ ■ ■
D12H      ■ (1) ■ ■ ■
(1) Please contact your local Schneider Electric representative for availability.

Current Transformers and Sensors by Unit

CuA, CuB
Dedicated 	
current sensors	
(power and 
measurement)

	 CSH120/200
Optional zero sequence sensor 
(2 possible options and locations)

D
M

10
00

35 CuA, CuB
The sensors are part of the dedicated design for the Premset self-power protection 
system, including sensors and an actuator. 

The sensors are made up of one block of three CTs which provides protection and 
measurement functions, as well as power for an actuator.
The sensors are located under the core unit:
•	 characteristics according to IEC 60044-8
•	 double secondary winding for measurement and protection
•	 frequency 50-60 Hz

 
 

CSH120/200
For Sepam or third party protection relays, if sensitive ground fault protection 	 	
is required, a ground fault toroidal CT of the CSH120 or CSH200 type should be 
installed around the cables.

•	 CSH120 and CSH200 core balance CTs provide more sensitive protection by the 	
	 direct measurement of ground fault currents.
•	 CSH120 - 4.72 in. (120 mm) internal diameter
•	 CSH200 - 7.9 in. (200 mm) internal diameter

Rated voltage                                                           0.72 kV
Insulation voltage                                                 3 kV - 1 min
Rated short-time withstand current               25 kA
Withstand time                                                      3 sec
Rated primary current                                       CuA: 0-200 A,   CuB:0- 600 A
Secondary voltage                                                  22.5 mV at  100 A
Rated burden > 2kΩ
Measurement                                   accuracy class
Protection

CI 1.0
5P30

2SIS Current and voltage

Instrument Transformers and Sensors for Premset 
Switchgear

Bottom of tank 
(max. 1):
•	 CuA / CuB
•	 TLPU1
•	 ARU2

CT locations

On bushings 
(max. 1):
•	 CSHU
•	 ARU1

On cables:
•	 CSH120 / CSH200
•	 ARC6
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TLPU1 (LPCT type)

D
M

10
00

36

ARU2 (Protection)
A standard ring type current transformer of the ARU2 type (1A, 5P20 class) can be 		
located under the core unit.
•	 characteristics according to IEC 61869-2
•	 one secondary winding for protection
•	 frequency 50-60 Hz

ARU2 CTs 

D
M

10
00

37

Rated primary and 
secondary current (A) 100/1 200/1 400/1 600/1 800/1 1000/1 1200/1

Rated short-time current 25 kA

Withstand time 3 sec
Protection rated burden

accuracy class
1.5 VA 2.5 VA 5 VA

5P-20

2SIS - Current Transformers for Premset Switchgear

Rated voltage� 0.72 kV
Insulation voltage� 3 kV - 1 min
Rated short-time withstand current� 25 kA
Withstand time� 3 sec
Rated primary current� 100 A
Secondary voltage� 22.5 mV at  100 A
Rated burden > 2kΩ
Measurement accuracy class
Protection

Cl 0.5
5P250

TLPU1 (LPCT)
A standard Low Power Current Transformer (LPCT) of the TLPU1 type can be 
located under the core unit. LPCTs provide a precise and stable voltage output 
over a single large range.
•	 characteristics according to IEC 60044-8 
•	 two secondary windings for measurement and protection
•	 frequency 50-60Hz
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ARU1 (Metering)
The ARU1 is a block comprising a three ring-type current transformer.

•	 Located around the bushings for all of switchgear units: D01N, D02N, D06N, 	 	
	 D06H, and D12H

ARU1

ARC6

D
M

10
00

38

Rated primary and 
secondary current (A) 100/1 200/1 400/1 600/1 300/5 400/5 600/5 800/5 1000/5 1200/5

Rated short-time 
withstand current           25 kA

Withstand time                      3 sec
Measurement        rated burden

accuracy class
2.5 VA 5 VA

CI 0.5 s  Fs≤5 CI 0.2 s  Fs≤5

P
E

90
92

5 ARC6 (Metering)
The ARC6 is a ring-type current transformer.

•	 Located around cable for all switchgear units: D01N, D02N, D06N and 	 	
	 	 D06H

•	 Offers higher accuracy than ARU1 when primary current is less than 600 A
•	 Only installed on single-core screened cable with a deeper cable 		 	

	 	 compartment door in single cable per phase applications

Rated primary and secondary 
current(1) (A) 100/5 150/5 200/5 300/5 400/5 600/5

Rated short-time withstand 
current 25 kA

Withstand time 3 sec

Measurement rated burden
accuracy class

5 VA 15 VA

Cl  0.2 s    FS ≤5

(1) For two secondary windings, please contact your local Schneider Electric representative.

ARC6
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Low-Power Voltage Transformer (LPVT)

The LPVT is a resistive divider sensor that is connected to the MV side by flexible links and has a low voltage output signal that uses a power 
amplifier to scale the output signal up to a 120 V signal for metering and relaying devices. 

  HUB

3 LPVT sensors

Power supply

LPVT Box 1

LPVT Box 2

Protection, metering, and 
automation devices
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Monitoring Camera System for the Disconnect Switch

Camera

USB Port

The camera system allows the user to monitor the position of the grounding switch within the enclosure, meeting the visible disconnect 
requirement for the National Electric Code. 

For 600 A, one USB port is included. For 1200 A, two ports are included.

600 A 1200 A

 

 

 

 

 

 

 

 

PARENT CHILD 

Example of 1200 A Camera View 
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Protection
Selection guide

Sepam range protection
Protection relays of the Sepam range are also available and have the following 
characteristics:
•	 External auxiliary power
•	 Open range
•	 From basic to more sophisticated protection
•	 Standard CTs and trip actuators (see page 40)

MiCOM range protection
MiCOM protection provides the user with a choice of cost-optimized solutions for 
specific protection requirements within the distribution network. 	
The MiCOM relay series offers comprehensive protective function solutions for all 
power supply systems as well as for various functional and hardware project stages.

Premset circuit breaker sections (D01N, D02N, D06N, 
D06H, D12H) can be equipped for protection with:
•	 An external Sepam, MiCOM, or other compatible 	
	 relay.

MiCOM range

P
M
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Sepam range
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Quick selection table Sepam / Micom  
series

General

Sepam MiCOM

Protection functions
Phase overcurrent (ANSI 50-51) ■ ■
Ground fault phase (ANSI 51N) Standard (sum of current method) ■ ■

High sensitivity (ground fault CTs) ■ ■
Thermal overload (ANSI 49) ■ ■
Cold load pick-up ■ ■
Other protection functions (1) ■ ■
Measurement functions
Phase current ■ ■
Ground current ■ ■
Phase peak demand current ■ ■
Load history Cumulative time ■ ■
Control and monitoring functions
Trip indication Local (with origin of the fault) ■ ■

Remote (one contact) ■ ■
Output relays ■ ■

Trip circuit supervision (ANSI 74TC) ■ ■
Time-tagged events Local on display (5 last trips) ■ ■

Remote, via communication ■ ■
External tripping input ■ ■
Overcurrent and breaking profile Number of phase and ground trips (2) ■ ■
Serial communication port Modbus RS485 ■ ■
Digital inputs/outputs for control functions ■ ■
Power supply
Type of supply Self-powered or auxiliary Auxiliary Auxiliary

(1) 	 See Sepam brochure #3000BR0404 .
(2) 	 The number of trips is displayed in 4 levels: 
	 For D01 and D02: < 200 A, < 2 kA, < 8 kA, > 8 kA 
	 For D06 and D06H: < 600 A, < 10 kA, < 20 kA, > 20 kA.

(*) Contact your local Schneider Electric representative for availability.
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Protection relay selection
Protection relays
Sepam series 20 Sepam series 40 MiCOM Px20 Sepam series 80 MiCOM Px30

P
E

90
51

1

P
E

90
51

1

P
E

90
36

6

P
E

90
51

2

P
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43

7

Functions Functions
Provides protection of network for each application: Substations (incomer or feeder type) / Transformers / Motors / 
Generators / Busbars / Capacitors 
Each relay series offers all the functions required for:

•	 Effective protection of life and property                                       
•	 Accurate measurements and detailed diagnosis

•	 Integral equipment control
•	 Local or remote indications and operation

Self power / Auxiliary supply
Auxiliary supply Auxiliary supply  Auxiliary supply Auxiliary supply Auxiliary supply

Protection
• Current (1 or 5 A)
   or Voltage

• Current (1 or 5 A)	
   or Voltage

• Current (1 or 5 A)
   or Voltage

• Current (1 or 5 A or 	
   LPCT) or Voltage

• Current (1 or 5 A)	
   or Voltage

- Phase and Ground  
  basic

- Phase and Ground basic
- Directional

- Phase and Ground 
  basic
- Directional

- Phase and Ground 
  basic
- Directional
- Synchro-check
- Differential

- Phase and Ground  
  basic
- Directional
- Synchro-check
- Differential
- Line differential
- Distance

Display
• Standard User-Machine	
   Interface (UMI)
• Remote User Machine (UM)

• Standard UMI
• Remote UM

Standard UMI • Standard UMI
• Remote UM
• Mimic based UMI

• Standard UMI
• Remote UM
• Mimic based UMI

Other characteristics
Withdrawable 
hardware

Removable software 
cartridge

Input / Output (up to)
10 / 8 10 / 8 7 / 8 42 / 23 50 / 26

I/O terminals
• Screw type
• Ring lug

• Screw type
• Ring lug

Ring lug • Screw type
• Ring lug

• Screw type
• Ring lug

Temperature sensor (up to)
8 8 to 16 10 (motor) 8 to 16 1 / 9 / 10

Communication protocol
• Modbus RTU
• IEC 60870-5-103
• DNP3
• Modbus TCP/IP
• IEC 61850 	
• No GOOSE

• Modbus RTU
• IEC 60870-5-103
• DNP3
• Modbus TCP/IP
• IEC 61850 	
• No GOOSE
• RSTP(1)

• Modbus RTU
• IEC 60870-5-103
• DNP3

• Modbus RTU
• IEC 60870-5-103
• DNP3
• Modbus TCP/IP
• IEC 61850 
• Customized GOOSE
• RSTP(1)

• Modbus RTU
• IEC 60870-5-103
• DNP3
• IEC 61850 with 	
  GOOSE
• RSTP(1)
• SHRP / PRP(1)

Logic equations
Comprehensive 	
logic equations

Basic logic 
equations

Control logic 	
by ladder diagram

Comprehensive 	
logic equations

Safety standards
IEC 61508 - SIL2

IEC and specific country 
standards
(UL, CSA, GOST...)

IEC and specific country 
standards
(UL, CSA, GOST...)

IEC and specific 
country standards
(GOST...)

IEC and specific 
country standards
(UL, CSA, GOST...)

IEC and specific 
country standards 
(GOST...)
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Sepam: protection digital relays
Sepam is a range of digital monitoring protection and control units. It is at the 
standard of protection, monitoring, and control system for the Schneider Electric 
switchgear: all the necessary protection, metering, control, monitoring, and 
signalling functions are performed by Sepam protection relays.

The Sepam range is defined to provide an optimal solution for each application, 	
and includes, for example:
•	 Sepam S, substation incomer and feeder
•	 Sepam B, bus sectioning
•	 Sepam T, transformer feeder
•	 Sepam M, motor feeder
•	 Sepam G, generator feeder
•	 Sepam C, capacitor feeder

The Sepam range consists of the Sepam series 20, series 40,  and  series 80, a range of 
modular protection relays to adapt to your needs.

MiCOM protection relays
MiCOM protection provides the user with a choice of cost-optimized solutions 	
for specific protection requirements within the distribution network.
The MiCOM relay series offers comprehensive protective function solutions for all power 
supply systems, as well as for the various functional and hardware project stages.
With their modular design, the MiCOM device platforms provide the user with 
multifunctional equipment that can act as :
•	 Grid protection equipment
•	 Combined protection and control systems

MiCOM devices integrate most standard communication protocols used in station 	 	
control systems and SCADA systems.

The continuous further development of these products helps ensure compatibility 	
with technical progress in the field of switchgear and control gear communication. 	
	

MiCOM offers varying levels of functionality and hardware
•	 Series 10 is designed for universal overcurrent protection for the primary 	
	 or back-up protection on LV or MV systems
•	 Series 20 fulfills the basic requirements of industrial, utility, and building 	 	
	 applications, providing simplicity and ease of use in a wide range of installations
•	 Series 30 is designed to meet the rigorous requirements of MV and HV 	 	
	 applications with particular focus on feeder and transformer protection and control
•	 Series 40 fulfills the protection requirements for a wide market of utility 	
	 and industrial systems and offers a complete range of protection functions
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Fault passage indicators

Flair 21D, 22D, and 23DM
Flair 21D, 22D, and 23DM is a family of DIN format 	
fault passage indicators. They are small, self-powered, 
and adapt automatically to the network.
These devices use cutting edge technology to detect 
ground faults and overcurrent faults. They are 
applicable to isolated, resistor grounded, and solidly 
grounded systems.

•	 Self-powered: the fault current passage detection 	
	 and indication system operates continuously
•	 Adjustment-free, they are immediately 	
	 operational (numerous manual adjustments 	
	 are still possible)
•	 Compact, their DIN format easily fits 	
	 in low-voltage compartments
•	 Smart, they offer an ammeter/digital maximeter 	 	
	 function
•	 Comprehensive, the Flair 23DM version 	 	
	 incorporates a highly sophisticated voltage 	 	
	 presence/absence relay function with Ethernet 	 	
	 Modbus communication.

•	 Ground fault sensitivity 	
	 as low as 5 A
•	 Display of settings and 	
	 detected faulty phase 
•	 Automatic reset

Applications and main features
The Flair range increases your power availability by providing indicators suitable for 
locating detected faults and MV network load management.
•	 Indication of phase-phase and phase-ground faults
•	 Display of settings
•	 Indication of the detected faulty phase
•	 Display of the load current including peak demand and frequency
•	 Fault passage indication and voltage detection combination (Flair 23DM)
•	 Ethernet communication (Flair 23DM).
These fault passage indicators are easy to use.
•	 Automatic setting on the site
•	 Fault indication with LED or outdoor lamp
•	 15-year battery life (Flair 22D)
•	 More accurate fault detection if Flair 22D or 23DM is connected to voltage 	 	
	 presence indication system (VPIS) voltage output
•	 Can be factory-mounted in Premset cubicles or added onsite
•	 Easy on-site addition without removing MV cables using split-type current sensor

Fault detection functions
Overcurrent detection
•	 Automatic mode for adjustment-free calibration of detection thresholds
•	 Manual mode for special override settings:

•	 Flair 21D: 4 detection thresholds from 200 A to 800 A, in 200 A increments, 	
	 	 selectable via microswitches

•	 Flair 22D and Flair 23DM: 8 detection thresholds from 100 A to 800 A, in 50 A 	
	 	 increments, configurable via the front panel keypad.
•	 Fault acknowledge time:

•	 Flair 21D: 60 ms
•	 Flair 22D and Flair 23DM (configurable via the front panel keypad)

	                  - from 40 to 100 ms in 20 ms increments
	                  - from 100 to 300 ms in 50 ms increments.

Ground fault detection
The detector checks the 3 phases for current variations (di/dt). 	
A time delay of 70 s is applied for fault confirmation by the upstream 	
protective device.
•	 Automatic mode for adjustment-free calibration of detection thresholds
•	 Manual mode for special override settings:

•	 Flair 21D: 6 detection thresholds from 40 to 160 A, via microswitches
•	 Flair 22D and Flair 23DM (configurable via the front panel keypad):

•	 Type A from 20 to 200 A, in 10 A increments
•	 Type B from 5 to 30 A in 5 A increments and 30 to 200 A in 10 A
•	 Inrush function: helps prevent unnecessary detection in the event of load 	 	
	 switch-on
•	 Incorporates a 3 s time delay for fault filtering at network power up
•	 The Inrush function can be disabled via configuration on Flair 22D and 23DM	

Fault indication function
Signalling
As soon as a fault is confirmed, the indication device is activated.
•	 Fault indication via a red LED on the front panel
•	 Indication of the detected faulty phase (ground fault) on LCD display
•	 Optional remoting of indication to external flashing lamp
•	 Activation of a contact for re-transmission to the SCADA system.

Flair 21D

Flair 22D
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Flair 23DM
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Display characteristics
•	 The load current is displayed continuously
•	 When a fault is detected, the faulty phase is indicated
•	 Use the buttons on the front panel to scroll through settings and measurements.

Selection table Flair 

Flair 21D Flair 22D Flair 23DM
Power supply Self-powered ■ ■ ■

Dual-powered ■ (1) ■
Detection Overcurrent ■ ■ ■

Ground-fault ■ ■ ■
Display 
(4 digit LCD)

Ammeter ■ ■ ■
Maximeter ■ ■ ■

Options SCADA interface (relay) ■ ■ ■
External lamp ■ ■ ■
External reset ■ ■
Extended setting (keypad) ■ ■

Communication 2-voltage output relays ■
Serial communication port ■

(1) By lithium battery 

Characteristics per product

Model Description
Fault passage indicator with single power supply (self-powered)
Flair 21D Detector with autonomous power supply

External indicator lamp output powered by battery (BVP)
Fault passage indicator with dual power supply
Flair 22D Detector with autonomous power supply and lithium battery

External indicator lamp output powered by the Flair unit (BVE)
Interface with VPIS-VO possible to confirm the fault by voltage absence
Service life: 15 years

Fault passage indicator with dual power supply and voltage presence/absence
Flair 23DM Detector with 24-48 Vdc external and autonomous power supply

External indicator lamp output powered by the Flair unit (BVE)
Voltage presence and absence detector
Interface with VPIS-VO needed for the voltage presence
Communication on an RS485 serial link with Modbus protocol with access to 
states and measurements and remote parameter-setting

Standard applications

Flair 21D Maintenance-free, adjustment-free fault detector
Flair 22D Fault detector for networks with very low load current (< 2 A) with possibility 	

of manual adjustments.
Flair 23DM Adapted to switchgear automation. Forwarding of current measurement, 	

fault passage indication, and voltage outage information to the SCADA 	
via a serial communication port.
Combination fault passage indicator and voltage detector, ideal for use 	
with an Automatic Transfer System.

Clear, comprehensive display

L3
L2

L1

Reset

Reset

VPIS-VO
option

Flair 21D

Flair 22D

Flair 23DM

SCADA  Reset

Connection diagrams

Sensors
The Flair 21D, 22D, 23DM range uses 	
an integrated detection system composed 	
of indicators and dedicated CTs.
Integrated sensors are normally placed around 	
the bushings. Split CTs can be placed around cables 
for retrofit purposes.

Indication

Indication

IndicationReset

VPIS-VO
option

Voltage
relays

+  -
Com
RS485

Flair 22D
Easergy

L1
L2
L3

I max.

EMS58352

A
Esc

Test
Reset
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Indication reset
•	 Automatic resetting upon load current recovery or on voltage return if VPIS-VO 	 	
	 option present (configurable time on Flair 22D, Flair 23DM)
•	 Manual reset via front panel button
•	 Reset via external Reset input
•	 Reset by time delay: fixed (4 hr) for Flair 21D and adjustable using front panel keypad;	
	 (1 hr to 24 hr) for Flair 22D and Flair 23DM
•	 Reset via the communication function (Flair 23DM)

L3
L2

L1

L3
L2

L1
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Voltage indicator and relay

VPIS and VDS
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Voltage presence indicators 
A voltage presence indicating device can be integrated in all functional units, either 
on the cable or busbar side. It can be used to check whether or not voltage is present 
across the cables.
Two devices are available:
•	 VPIS: Voltage Presence Indicator System, as defined by standard IEC 62271-206
•	 VDS: Voltage Detecting System, as defined by standard IEC 61243-5.

The VPIS can be fitted with a voltage output (VPIS-VO) dedicated to various voltage 
detection applications such as automatic transfer switches, voltage absence or 
presence contacts, live-cable grounding switch lockout, etc.

Voltage sensors
A voltage sensor is integrated in all the functional sections. It provides a signal with 	
an accuracy of 5% to the VPIS through a 30 pF capacitive divider.
The sensor is integrated in the tightening cap used to fix the busbar or cable 
connections. The voltage can be detected either on the cable side or the busbar side.

Phase concordance unit (VPI62421)
This unit is used to check phase concordance.

VPIS

Phase concordance unit

Voltage 
sensors

Voltage sensors on busbars or cables

Pocket battery
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Live cable interlock 

Functions
The “live cable interlock” (LCI) function is an electrical interlock that helps prevent 	
the operator from closing the grounding switch on live cables.

Even if all the grounding switches integrated in Premset core units have full making 
capacity performance, an LCI may be useful to help avoid creating faults by 
inadvertently grounding live cables.

Characteristics
The system is composed of:
•	 A mechanical locking assembly acting directly on the line / ground selector, 	 	
	 including an override key that can be used to bypass the locking device
•	 An undervoltage coil for operation of the mechanical lockout system 	
	 (see Undervoltage coil (MN) on page 37)
•	 A dedicated electronic auxiliary-powered voltage relay (ESL) fitted with an 	 	
	 auxiliary contact for remote indication of “locked” position
•	 A VPIS indicator on the cable side, with a voltage output (VPIS-VO), to detect 	
	 and send the voltage signal to the relay

Operation
•	 Normal case: the system is powered by auxiliary power. The selector cannot be  		
	 moved  from “line” to “ground,” as long as voltage is detected on the cable by the 	
	 VPIS.	 	 	 	
•	 In case of auxiliary power loss, with the cables live or not, a feature blocks the 	 	
	 system so the selector cannot be operated. Override is possible only by 	
	 unlocking the system with a key or when auxiliary power is restored.

Technical data
•	 Auxiliary power: 

•	 24-48 VDC: ESL100 A
•	 110-220 VAC / 110-250 VDC: ESL100 E

•	 Key types:
•	 tubular
•	 flat

•	 Undervoltage coil

D
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00

24 Technical data
•	 Auxiliary power:

•	 24-48 VDC
•	 �110-220 VAC / 	

110-250 VDC
•	 Key types:

•	 Kirk
•	 Ronis
•	 Profalux

AC/DC 
supply

VPIS-VO

LCI
Electronic
Device

LCI
Electric
Device
Ø
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PM5000 Series Power Meter
PM8000 Series Power Quality Meter

PowerLogic PM5000 series help you: 
•	 Reduce energy costs 
•	 Simplify installation
•	 Improve continuity of service for optimal 	 	
	 management of your electrical installation and 	 	
	 higher productivity

PM5000 Series Power Meter
Applications and main features
The PowerLogic PM5000 power meter is the ideal fit for cost management 
applications. It provides the measurement capabilities needed to allocate energy 
usage, perform tenant metering and sub-billing, pin-point energy savings, optimize 
equipment efficiency and utilization, and perform a high level assessment of the 
power quality of the electrical network.

In a single 3.8 x 3.8 in. (96 x 96 mm) unit, with a graphical display, (plus optional 
remote display) all three phases, neutral and ground can be monitored 
simultaneously.

Highly accurate devices with 3rd party certification.

The Power Meter series 5000 is available in multiple versions including:
•	 PM5100, basic version with pulse output, class 0.5S accuracy
•	 PM5110, RS485 port with Modbus communication, class 0.5S accuracy
•	 PM5340, multi-tariff, data logging, Ethernet communication, class 0.5S accuracy
•	 PM5560, multi-tariff, data logging, WAGES metering, Gateway, class 0.2S 	 	
	 accuracy, simultaneous communication via Modbus TCP and BACnet/IP

Characteristics
•	 High-accuracy energy metering: IEC 62053-22 Class 0.5S or Class 0.2S 
•	 Multiple communication options:  RS485, Ethernet or both
•	 Dual Ethernet ports (PM5560 models) to daisy chain meters together - less wiring, 	
	 simpler installation
•	 Ethernet-to-serial gateway functionality (PM5560)
•	 Protocol options include Modbus RTU, Modbus TCP and BACnet/IP
•	 Data logging (PM5340, PM5560 models)
•	 Multiple tariffs (PM5340, PM5560 models)
•	 Complete WAGES monitoring with 4 Digital Inputs & 2 Digital Outputs
•	 Onboard web pages (PM5560 models) for viewing real-time and logged 	 	
	 information
•	 Bright, anti-glare graphical display with intuitive menu-driven navigation
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PM8000 Series Power Quality Meter
Applications and main features
The PowerLogic PM8000 series meter is a highly accurate, extremely reliable power 
and energy meter with unmatched flexibility and usability. The meter combines 
accurate 3-phase energy and power measurements with data logging, power quality 
analysis, alarming and I/O capabilities not typically available in such a compact 
meter.

The PM8000 series meters are compliant with stringent international standards that 
guarantee their metering accuracy and power quality measurements. Ideal for 
industrial and critical power installations that are responsible for maintaining the 
operation and profitability of a facility.

The PM8000 series is available in the versions:
•	 PM8240, panel mount, integrated display
•	 PM8244, DIN rail mount, remote display

Characteristics
•	 High-accuracy energy metering:  IEC 62053-22 Class 0.2S
•	 Time synchronization
•	 Multi-tariff support
•	 WAGES metering support
•	 PQ compliance monitoring: IEC 61000-4-30 class S, IEC 62586, EN 50160, 	
	 IEEE 519
•	 PQ analysis capabilities:  Dip & swell detection, waveform capture, disturbance 		
	 direction detection, trending & forecasting
•	 Protocols:  ION, Modbus, DNP3, IEC 61850
•	 Ports:  RS-485, dual-port Ethernet,  Ethernet-to-serial gateway
•	 Graphical, color display
•	 Onboard, customizable web pages
•	 Modular I/O extension modules.
•	 IEC 62053-22 class 0.5S for real energy helps ensure accurate energy 	 	
	 measurement for sub-billing and cost allocation
•	 Trend curves and short-term forecasting (PM850 and PM870)
•	 Five channels for WAGES (water, air, gas, electricity, steam) metering capability 		
	 on all models (a single channel can aggregate pulses from multiple inputs)
•	 Modular and upgradeable
•	 Optional remote display (can be located as far as 33 ft (10 m) from the metering 		
	 unit)
•	 Optional Ethernet communication port offers Modbus TCP/IP protocol, e-mail 	
	 on alarm, web server, and Ethernet-to-serial gateway
•	 Auxiliary supply for PM devices are 110 to 240 Vac and 110 Vdc

PowerLogic PM8000 series: 
Compact, high-performance meters for cost and 
network management applications on feeders and 
critical loads.
•	 Detailed PQ compliance reporting, and 	 	
	 expert-level root-cause analytics.
•	 Power monitoring, logging, and forecasting to 	 	
	 help ensure your electrical system stays within 	 	
	 safe operating tolerances, avoiding the risk of 	 	
	 overloads, unbalances, or high-peak demand
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Control

Electrical operation auxiliaries: SC100 and SC110

The SC100 and SC110 are intelligent electronic 
devices designed to control and monitor all the 
components involved in the remote control of core 
units.	
 	
They integrate all the necessary functions 	
for remote control:
•	 Electrical interlocking
•	 Remote control supervision
•	 Front panel interface for local operation
•	 Built-in Modbus communication and plug-and-play	
	 design makes the SC100 and SC110 and the remote 	
	 control facility:

•	 easy to use
•	 easy to upgrade

SC100 and SC110 universal intelligent controllers
SC100 and SC110 are compact devices with digital inputs and outputs to monitor 	
all the components associated with the electrical operation of the core unit: 	
MCH, MX, XF, auxiliary contacts. They can be associated with a control 	
switch (SC-MI).

Switchgear control functions
•	 Coil and motor operation
•	 Information on core unit status: circuit breaker, grounding switch, handle	
	 insertion, etc.
•	 Built-in electrical interlocks: anti-pumping and anti-reflex functions
•	 External interlocking feature
•	 Lockout of electrical operation after tripping (option)
•	 Modbus communication for remote control via data transmission.

Switchgear monitoring
•	 Diagnosis information: motor consumption, etc.
•	 Core unit auxiliary contacts status
•	 Logging of time-stamped events
•	 Modbus communication for remote indication of monitoring information.

SC100 - SC110 types
SC100-A SC100-E SC110-A SC110-E

24-60 Vdc ■ ■

110-250 Vdc/Vac ■ ■

Network communication ■ ■

SC-MI control panels
SC-MI 10 SC-MI 20

On/Off pushbuttons ■ ■

Remote/local switch ■

The SC100 and SC110 are installed in the low voltage cabinet 
of the functional unit. They control and monitor all the devices 
needed for electrical operation: MCH, MX, XF, auxiliary 
contacts.

SC110A

3 RJ45 Modbus plugs

SC-MI control panel

SC100

Modbus

MCH MX 
XF
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Auxiliary 
contacts

(*) Contact your local Schneider Electric representative for availability.
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Architecture of switchgear automation

Continuity of service supervised by an overall telecontrol 
solution
Schneider Electric offers you a complete solution, including:
•	 Premset switchgear that can be easily adapted for telecontrol
•	 The SCADA and DMS system.
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Telvent DMS system

Premset range, more than ready
Premset switchgear is suited to telecontrol thanks to options such as:
•	 Motorized operating mechanism
•	 Auxiliary fault and position indication contacts
•	 Current sensors for fault detection.
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Communication 
network: radio, 
PSTN, GSM/GPRS, 
Ethernet, etc.

Switchgear automationSubstation automation
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Busbar and cable arrangements
•	 2SIS connections with shielded solid 	 	
	 insulation. Periodic checkup of the 	 	
	 mechanism can be done to help ensure 	
	 the performance depending on the 	 	
	 environmental conditions.
•	 Flat and smooth interface between 	 	
	 connections, allowing flexibility: 	
	 easier floor installation.
•	 Only one cable connection set, used 	 	
	 everywhere: many possibilities for cable 	
	 entry arrangements.
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Universal system of power connections
The Premset system is based on a set of common elements 
used throughout the system:
•	 2 types of bus bar elements used to make up the busbar 	 	
	 system, as well as risers and downstream connections 	 	
	 between cubicles.
•	 One set of 3 connections for cables
The connection interface between these elements is always the 
same (a Schneider Electric patented design), allowing a wide 
variety of arrangements.

Cable connections with 
shielded solid insulation
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Busbars with shielded solid 
insulation

(*)

(*) For the rear bottom cable option, please contact Schneider Electric for availability
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•	 Only one type of bushing to simplify 	
	 installation, but various arrangements 	
	 of connections to fit any application.
•	 Large choice of cable box and bottom 	
	 compartment dimensions.

Cable connections

Bottom compartment
The bottom compartment is the lower part of Premset cubicles. It has been designed 
separately from the rest of the cubicle to offer different versions.

•	 Standard height, for cable connections at a height of 27.5 in. (700 mm).
•	 For higher installations, raising plinths can be fitted as accessories, with two 	 	
	 different heights available.

Cable connections
•	 Cable boxes are available in 2 different depths to meet the needs of various types 	
	 of installations: number of cables, type of connections, bending radius of cables, 	
	 surge arresters.
•	 Cable bushings are standardized “type C”, M16 screw type bushings as defined 		
	 by standard IEC 60137, in order to simplify the choice and installation of 	 	
	 connections.
•	 Cable connections are always horizontally aligned, 27.5 (700 mm) high 	 	
	 depending on height of the bottom compartment (please refer to dimension 	 	
	 drawings starting on page 60).
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LV cabinet

Top connection

Cable test

Core unit

Bottom connection

Bottom compartment

D06H

(1) + 0.39 in. (10 mm) without internal arc performance.

As an option, 2 raising plinths are 
available: 10.2 in. (260 mm) and 20.5 in. 
(520 mm) heights
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(1)

27.5 (700)

  11.4
  (290)

 
   (1)

17.8  
(450)

 (1)

20.5 (520)
10.2 (260)

  11.4
  (290)
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Supplier Performance Reference 1 cable/
phase

1 cable/
phase + 
Surge 
Arres.

2 
cables / 
phase 

(1)

Cross section  
AWG or kcmil (mm2)

Type

Euromold 
(Nexans)

Up to 12  kV, 600 A

400LB x 4 to 500 (25 to 300) Elbow connector

400TB x 2 to 500  (35 to 300) T connector
430TB x 2 to 500  (35 to 300) T connector
440TB x 350 to 1000 (185 to 630) T connector
400TB+440PB-XSA x 2 to 500  (35 to 300) + Surge Arrestor
440TB+440PB-XSA x 350 to 1000 (185 to 630) + Surge Arrestor
430TB+300SA x 2 to 500  (35 to 300) + Surge Arrestor

up to 15 kV, 600 A

K400LB x 4 to 500 (25 to 300) Elbow connector
K400TB x 2 to 500  (35 to 300) T connector
K430TB x 2 to 500  (35 to 300) T connector
K440TB x  350 to 1000 (185 to 630) T connector
K400TB+K440PB-XSA x 2 to 500  (35 to 300) + Surge Arrestor
K440TB+K440PB-XSA x 350 to 1000 (185 to 630) + Surge Arrestor
K430TB+300SA x 2 to 500  (35 to 300) + Surge Arrestor

NKT Cables GmbH

up to 12 kV, 600 A

CB12-630 x

4 to 500 (25 to 300)

T connector

CB12-630 + CSA12 x + Surge Arrestor
CB12-630 + CC12-630 x + Coupling 

Connector

up to 15 kV, 600 A

CB24-630 x

4 to 500 (25 to 300)

T connector
CB24-630 + CSA24 x + Surge Arrestor
CB24-630 + CC24-630 x Coupling 

Connector
Suedkabel

up to 12 kV, 600 A

SET 12 x 350 to 1000 (185 to 300) Elbow connector
SEHDT 13 500 to 1000 (300 to 500) T connector
SET B + SEHDK 13.1 x 400 to 500 (240 to 300) + Coupling 

Connector

up to 15 kV, 600 A

SET 24 x 3/0 to 400 (95 to 240) Elbow connector
SEHDT 23 500 to 1000 (300 to 630) T connector
SET B + SEHDK 23.1 x 300 to 400 (150 to 240) + Coupling 

Connector
Tyco

up to 15 kV, 600 A

RSTI L56xx x

4 to 500 (25 to 300)

T connector
RSTI L56xx + 
RSTI-CC-66SAxx10

x + Surge Arrestor

RSTI L56xx + RSTI CC 
L56xx

x + Coupling 
Connector

ABB Kabeldon
up to 12 kV, 600 A

CSE-A 12630 x 350 to 1000 (185 to 300) Elbow connector
2xCSE-A 12630 x 400 to 500 (240 to 300) + Coupling 

Connector

up to 15 kV, 600 A
CSE-A 24630 x 3/0 to 400 (95 to 240) Elbow connector
2xCSE-A 24630 x 300 to 400 (150 to 240) + Coupling 

Connector
Prysmian up to 15 kV, 600 A FMCTs-400 x 300 to 400 (150 to 240) T connector
(1) For 2 cables /phase + surge arrester, please contact your local Schneider Electric representative.
NOTE: The dielectric performance of cable box is reduced to 75 kV BIL when using unscreened connections.

Compatible cable connections
Here are some examples of compatible cable connections. As the Premset system is designed with shielded solid insulation, 	
we strongly recommend using directed field cable connectors for better reliability and longer life expectancy.
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Dimensions

Dimensions and Weights

Unit Type Connection
 Width 

in.  
(mm)

Depth 
in.  

(mm) 

Height 
in. 

 (mm) 1
Approximate 

Weight 2

lb (kg)

Cmax LV Box 3 C LV Box 3

Standard 
Door

Additional 
Depth Door

No  
Base Plinth

Base 
Plinth
10.25 
(260)

Base 
Plinth
20.50 
(520)

No Base 
Plinth

Base 
Plinth

10.25 (260)

Base 
Plinth

20.50 (520)

D01, D02, 
D06, ESB

Front 14.75 (374.65) 35.83 (910) 44.49 (1130)

86.5 (2198)
96.75 

(2458)

107 

(2718)
78.5 (1994) 88.75 (2254) 99 (2514)

441 (200)

Rear 14.75 (374.65) 51.4 (1305.5) 59.7 (1516) 606 (275)

D12 Front 29 (736.6) 35.83 (910) 42.1 (1069) 1102 (500)

Rear 29 (736.6) 51.4 (1305.5) 57.7 (1465.5) 1268 (575)

G06, G12 Front 14.75 (374.65) 35.83 (910) 44.49 (1130) 220 (100)

Rear 14.75 (374.65) 51.4 (1305.5) 59.7 (1516) 386 (175)

1Add 2.4 in. (61 mm) if top control cable duct is used.
2Add 88 lb (40 kg) for cable base plinth.
3Height of LV box only.

Front Connection:  
14.75 in. (375 mm) Wide Cubicle, 600 A 
Cable termination height: 27.5 in. (700 mm)

A

Cmax

C

27.6
(700)

H1

  3
(79)

D1
 3 

(75.5)
 4.4 
(112)

14.8 
(375)

 3 
(75.5)

 4.4 
(112)

Measurements:  in.
                         (mm)

H2
H3

D2

H1 No LV box 61 in. (1550 mm)
H2 LV box C 78.5 in. (1994 mm)
H3 LV box Cmax 86.5 in. (2198 mm)
D1 Depth standard door 35.83 in. (910 mm)
D2 Additional depth door 8.66 in. (220 mm)

NOTE: Dimensions are the same for bar-connected cubicles.
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Front Connection:  
29.5 in. (750 mm) Wide Cubicle, 1200 A 
Cable termination height: 27.5 in. (700 mm)

29.5
(750)

27.6
(700)

 3 
(75.5)

 4.4 
(112)

 4.4 
(112)

 3
(75.5) 3

(75.5)

 3 
(75.5)

Measurements:  in.
                         (mm)

A

Cmax

C

H1

  3
(79)

D1

H2
H3

D2

H1 No LV box 61 in. (1550 mm)
H2 LV box C 78.5 in. (1994 mm)
H3 LV box Cmax 86.5 in. (2198 mm)
D1 Depth standard door 35.83 in. (910 mm)
D2 Additional depth door 8.66 in. (220 mm)

NOTE: Dimensions are the same for bar-connected cubicles.
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Rear Connection:  
14.75 in. (375 mm) Wide Cubicle, 600 A 
Cable termination height: 27.5 in. (700 mm)

H1 No LV box 61 in. (1550 mm)
H2 LV box C 78.5 in. (1994 mm)
H3 LV box C max 86.5 in. (2198 mm)
B2 Top cable entry 73.4 in. (1864 mm)
D2 Standard depth rear connection 49.7 in. (1262 mm)
D3 Standard door depth 3.1 in. (79 mm)
D4 Additional door depth 9.4 in. (239 mm)

C max

A

27.5 (700)

B2

H1

 1.57 
 (40)3

(75.5) D2
14.76
(375)

H2
H3

S
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Measurements:  in.
(mm)

C

3
(75.5)

4.5
(115)

4.5
(115)

3.1
(79)

9.4
(239)

3.1
(79)

D3

D4
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Floor preparation
Units may be installed on ordinary concrete floors, with or without trenches, depending on the type and cross-section of cables. Required 
civil works are identical for all units.

Rear Connection:  
29.5 in. (750 mm) Wide Cubicle, 1200 A 
Cable termination height: 27.5 in. (700 mm)

H1 No LV box 61 in. (1550 mm)
H2 LV box C 78.5 in. (1994 mm)
H3 LV box C max 86.5 in. (2198 mm)
B2 Top cable entry 73.4 in. (1864 mm)
D2 Standard depth rear connection 49.7 in. (1262 mm)
D3 Standard door depth 3.1 in. (79 mm)
D4 Additional door depth 9.4 in. (239 mm)

3 (75.5)    3
(75.5)

 
  4.4
(112)

29.5
(750)

 27.5 
(700)

    3 
(75.5)

3 (75.5)
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Measurements:  in.
(mm)

   4.4
(112)

 
  4.4
(112)

   4.4
(112)

C max

A

B2

H1

 1.57 
 (40)

D2

H2
H3

C

3.1
(79)

9.4
(239)

3.1
(79)

D3

D4
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     PremsetTM Medium Voltage Switchgear
                                                               Technical Data

Civil engineering Additional raising plinths

For installations with conduit or trenches without proper cable bending space, base 
plinths are available to allow for easier installation.

These plinths are available in two different heights, 10.2 in. (260 mm) and 20.5 in.
(520 mm). Two of the shorter plinths or one plinth of each size can be stacked
together to add an additional maximum height of 30.7 in. (780 mm).
The switchgear must be assembled on the base plinth prior to fastening the entire
structure to the floor.
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•	 bolts (not supplied) screwed into nuts set into the floor using a sealing pistol
•	 threaded rods grouted into the ground
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GIS Gas Insulated Switchgear 
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ISO International Organisation for Standardisation 
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LCA Life-cycle Assessment 
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ODP Ozone Depletion 

PPM Parts per Million 
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RMU Ring Main Unit 

RMS Root Mean Squared 
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WPD Western Power Distribution 
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1 Executive Summary 

This report summarises the available literature on SF6 alternatives for the purposes of 
electrical insulation and arc-interruption in electrical switchgear. 

SF6 gas was historically used in a number of industries, including the Energy Industry, where 
it is commonly used to electrically insulate live equipment and quench the electrical arc 
generated within a circuit breaker during operation. SF6 is widely used in high voltage 
electrical switchgear as it has a number of unique properties which make it almost perfect 
for this application; its high dielectric strength, self-healing and non-toxic properties are 
particularly useful in electrical switchgear.   

In spite of its numerous advantages, SF6 gas has been identified as a potent greenhouse gas 
and is estimated to be 23,900 times more harmful that CO2 to the environment. 
Subsequently, regulations have been made in international policy to limit its emissions 
across a number of industries.  

As a result, the Energy Industry has been actively seeking an alternative solution to ideally 
eliminate it from power network assets. Research has examined a multitude of different 
mediums; however it has been difficult to identify a suitable alternative which satisfies all 
the requirements. There are a number of candidates which have been successful in recent 
laboratory trials and these are currently being assessed in field tests. 

From literature, there are a number of attractive alternatives to SF6 including AirPlus 
(developed by 3M and ABB), g3 (developed by 3M and GE), HFO1234zee and solid epoxy. 

The identified possible interrupting alternatives to SF6 are g3 and vacuum interruption. 

Pending engagement with manufacturers, it is anticipated that these mediums will be retro-
fit into existing switchgear and tested to support possible integration into business as usual, 
on the basis of positive outcomes from laboratory tests. 
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2 Introduction 

2.1 Overview 

Sulphur Hexafluoride (SF6)1 gas is widely used in high-voltage2 (HV) switchgear as an 
insulating and current-breaking medium. SF6 has excellent insulating and arc-quenching 
capabilities which deliver reliable performance in relatively compact designs3. It is therefore 
well suited to power system applications where equipment is often located in areas with a 
small available footprint such as densely-populated urban environments, offshore platforms 
or wind power installations [1]. 

 
Figure 2-1: 36kV Indoor MV Switchgear comparison (AIS on left, SF6 on right) [1] 

In recent years, SF6 has been widely recognised as a potent global warming gas, or 
greenhouse gas (GHG), with a Global Warming Potential (GWP) of 23,900 [2] [3] over a 100 
year time period and lifetime of 3,200 years [4].  

As a result, SF6 was included in the 1997 Kyoto Protocol [5] which has led to government 
taking action to reduce emissions and the consumption of SF6 and specific regulations have 
now been put in place across industries. For the energy industry, this means that companies 
must operate and maintain SF6 switchgear in a responsible manner. This includes managing 
switchgear on a closed cycle to avoid deliberate gas release into the atmosphere and 
monitoring any emissions during operation.  

                                                        
1 SF6 will refer to the compound in its gaseous form, unless otherwise stated. 

2 >1kV 

3 In comparison to alternative mediums such as air or mineral oil. 
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In the UK, EC Regulation No. 517/2014 enforces regular monitoring of any emission from 
equipment that contains significant quantities of GWP gases; this includes bi-annual or 
quarterly checks depending on the installed gas mass. An amendment to this regulation was 
introduced that requires any equipment containing more than 22kg of SF6 to have an 
automatic leak detection system fitted [6] [7]. The vast majority of installed switchgear 
contains quantities much lower than 22kg; however it is anticipated that these regulations 
will become more stringent in the future where SF6 switchgear will require inbuilt leak 
detection technology.  

The concerns over the environmental impact of SF6, as well as increasingly strict regulations, 
have led industry and academia to actively seek alternative solutions in an effort to 
eliminate the emissions of SF6 gas from HV electrical equipment. In 2016/2017 alone, 
approximately 554kg of SF6 gas was leaked into the atmosphere from electrical switchgear 
on the UK distribution system; the equivalent of burning over 6.2 million kilograms of coal 
[8]. UK Distribution Network Operators (DNOs) are very aware of the impact that the energy 
industry has by using SF6 gas, and are proactively searching for an alternative solution which 
meets the network requirements and is environmentally sustainable. There has been 
progress in developing alternative mediums for use in electrical switchgear from a number 
of manufacturers which are at a differing technology readiness levels (TRLs) [9].  

The SF6 Alternatives project seeks to identify a viable substitute for SF6 to be used in 
distribution switchgear. The project shall explore potential retrofit solutions as well as 
trialling new commercially available products.  

The project will comprise of three main stages: 

1. Identifying suitable alternative mediums from current literature; 
2. Developing a methodology to test the findings on equipment procured from WPD’s 

licence area; and 
3. A comprehensive factory and field testing program to support integration into 

current practices. 

The purpose of this report is to provide a comprehensive literature review of SF6 
alternatives and previous trials conducted to test or demonstrate their capabilities. It is 
anticipated that this approach will provide sufficient information to identify key mediums to 
be considered for testing within HV switchgear for insulation and arc interruption. 

The report is structured as follows: 

 A background to SF6 switchgear and other existing technology is presented to 
provide context for the discussion regarding the alternative mediums; 

 Each identified alternative medium is presented, including its properties , current 
TRL, and associate trials; and  

 The commercially available SF6 free electrical switchgears products are discussed. 

It is also anticipated that the outcomes of these deliverables may contribute to a possible 
reduction in the volume of SF6 required in switchgear yielding an environmental saving 
among other benefits. Furthermore, it is predicted that positive results and learning 
outcomes will also provide support to manufacturers and developers to continue to develop 
alternative solutions in a competitive environment.
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3 Background 

SF6 has been used in a number of applications beyond the energy industry including 
electrical insulation in medical equipment (such as X-ray machines), laser etching, tracer 
compounds, insulating glazed windows, and die casting. The advantageous properties of 
this unique gas have led to widespread use across a number of industries. 

However, with the introduction of regulation EU 517/2014 and its predecessors, the use of 
SF6 has been banned in most industries, with remaining industries4 being obligated to follow 
strict leakage monitoring procedures which is discussed further in Section 3.1. The energy 
industry is able to continue with the use SF6 subject to strict compliance with the 
regulations. 

3.1 Environmental Concerns Regarding SF6 

Greenhouse gases can be defined as atmospheric gases which absorb infrared radiation 
emitted from the earth and subsequently radiate it back to earth, rather than allowing it to 
escape into space. This absorption of infrared rays and re-radiating them back to earth 
contributes to an average increase in the earth surface temperature. This increase in 
temperature has been found to disrupt the current ecosystem, inflicting what is known as 
‘Climate change’ or ‘Global Warming’ with effects such as glacial retreat, rising sea levels, 
and ocean acidification being seen across the world [10] [11] [12]. 

The stability of the SF6 molecule means that it is a potent greenhouse gas as it is able to 
absorb infrared radiation and it is largely resilient to chemical or photochemical breakdown. 
It subsequently has an atmospheric lifespan of 3200 years [3] [13].This lifespan effectively 
makes any atmospheric release irreversible. It is for this reason that SF6 is so 
environmentally damaging.  

In comparison to other greenhouse gases, the atmospheric concentration of SF6 is 
extremely low. In 19935, it was estimated that the contribution of SF6 to non-natural global 
warming was between 0.01% and 0.07%. The main concern with SF6 is that its long 
atmospheric life time means that even small excursions of SF6 will have a cumulative and 
permanent environmental impact [14]. 

The impact of SF6 on the trend of Global Warming can be quantified by Global Warming 
Potential (GWP); a comparative measure which evaluates the impact of a particular gas 
against CO2. Specifically, it compares how much radiation energy can be absorbed by 1 
tonne of a gas, relative to 1 tonne of CO2 over 100 years [15]. Table 3-1 shows the GWP that 
SF6 possesses, relative to a selection of some of the main greenhouse gases used in 
industry; some of these gases have since been banned from industry as more 
environmentally alternatives have been sourced. 

                                                        
4 Where no suitable alternatives yet exist to replace SF6 

5 The 1990s were at the peak of emission levels, which current legislation uses as a benchmark for emission 
reductions. 
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Table 3-1: Greenhouse Gases Global Warming Potential [3] 

Gas Common Source or Application 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 (N2O) Known as ‘Laughing Gases, pain relief in dental 
procedures, car performance, and preservative. 

310 

HFC-32 Refrigerant  650 

HFC-134a Refrigerant, SF6 Alternative in Magnesium melt 
protection 

1,300 

HFC-4310mee Solvent for cleaning process 1,300 

HFC-125 Used as a fire suppression agent 2,800 

HFC-227ea Used as a fire suppression agent 2,900 

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 

C4F10 Fire suppressant, ultrasonic contrast 7,000 

C2F6 Semiconductor fabrication 9,200 

Fluoroform (HFC-23) Semiconductor fabrication, fire suppressant 11,700 

SF6 Electrical Switchgear  23,900 

 

As can be seen from Table 3-1, SF6 has an extremely high GWP of 23,900 [2] [3]. 
Subsequently, it was identified in the Kyoto protocol as a greenhouse gas, with measures 
being taken to eliminate atmospheric emissions and reduce its use in industry [4].  

This has included EC Regulation No 517/2014 [27], which came into force in January 2015 
with the aim of reducing fluorinated greenhouse gases (F-Gases), which includes SF6. The 
enforced policy hopes to see an 80% reduction in emissions from F-Gases by 2035 [16], 
which will be achieved through: 

 Decreasing allowances for F-gas producers and importers to influence the amount of 
F-gases that can be placed on the market through;  

 Bans on certain F-gases in particular applications;  and 

 Tightening obligations on leak checks, repairs, recovery, and training. 

The aforementioned regulations have led to bans on using SF6 in industries such as 
magnesium die-casting and others where suitable alternatives exist including refrigeration, 
air-conditioning and fire protection applications. However, applications where the use of 
alternative equipment i.e. equipment that does not contain SF6 would comprise technical, 
safety or significantly inflate costs are subject to some exemptions [7]. Electrical switchgear 
is granted such an exemption due to the lack of commercially available alternatives that 
would not incur unreasonable compromise. 

                                                        
6 HFC is an abbreviation for Hydrofluorocarbon 
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Figure 3-1: SF6 leaked in 2016/17 from UK DNO Assets by DNO 

Currently, UK DNOs are required to strictly monitor and report on the SF6 mass leaked from 
distribution and transmission network assets. Figure 3-1Error! Reference source not found. 
shows the distributed network asset SF6 emissions for the year 2016/17, which are 
publically available through each DNOs RIIO-ED1 RIGs Environment and Innovation 
Commentary. The total mass leaked in this year was 554 kg. 

By the 1st of July 2020, the European Commission will publish a report assessing the viability 
of replacing GHG gas medium-voltage switchgear. Until this time, SF6 switchgear is subject 
to stringent leakage checks and monitoring of any GHG emissions. 

This regulation was reviewed and amended in January 2017 to introduce further measures 
requiring leak detection systems to be fitted to any electrical switchgear containing 22kg of 
SF6 or greater. The stipulation is that the equipment shall be routinely checked either bi-
annually for switchgear containing more than 6kg, or quarterly if the mass is greater than 
22kg of SF6 [28]. 

It should be noted that SF6 GWP alone is not adequate to measure the environmental 
impact of electric power equipment using SF6 technology. The environmental impact of any 
specific application should be evaluated using the Life Cycle Assessment (LCA) approach, as 
regulated by ISO 14040:2006 – Life Cycle Assessment Principles and Framework [8]. 
Therefore, any proposed alternative should be assessed using the same measure for 
environmental impact. 

The project will specifically focus upon Ring Main Units (RMUs). There is currently a high 
volume of SF6 filled 11kV RMUs within most UK DNO networks which contribute to the SF6 
emissions from the DNO distribution assets. Therefore, the following sections and 
discussion will focus upon this type of switchgear. 
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3.2 The Utilisation of SF6 in the Energy Industry  

Of the 8000 tonnes of SF6 produced annually, approximately 80% of this is consumed by the 
energy industry for use in switchgear. Switchgear is a broad term to cover a range of 
equipment which can switch and interrupt currents in an electrical power system during 
normal and abnormal (fault) conditions, for power system protection and control [17]. 
Typical examples of switchgear include circuit breakers, fuses, and isolators. 

For the purposes of this report, only switchgear which uses SF6 as an insulating or 
interrupting medium and are rated above 1kV will be discussed; hybrid technology such as 
SF6 gas-insulating, vacuum-interrupting units are also included. 

HV SF6 switchgear is popular as it offers significant benefits in comparison to other 
switchgear types including [1]: 

 High operational reliability; 

 Less susceptible to environmental conditions; 

 Reduced maintenance; 

 Local personnel safety; and 

 Reduced space requirements. 

As discussed previously, the application of SF6 to switchgear can have two distinct roles; to 
insulate the live components from earth and to interrupt the arc drawn upon opening 
circuit breaker contacts. 

The main types of HV switchgear that use SF6 either as an insulating or interrupting medium 
are: 

 GIS (Gas Insulated Switchgear for high voltage in indoor and outdoor applications); 

 Gas Insulated Transformers; 

 Gas Insulated Substations; and 

 Assemblies of HV devices and GIL (Gas insulated lines).  

For the purposes of this report, only GIS have been discussed. Gas Insulated substations and 
GILs have been discussed in Appendix B: SF6 applied in various gas-insulated electrical 
equipment as background information. 

3.2.1 SF6 as an Insulating Medium 

An electrical insulator prohibits electric current to flow through it, meaning the movement 
of internal electric charges is inhibited thus prohibiting current flow. This can be required in 
electrical equipment in order to control the current path and prevent harm to both 
personnel and network assets.   

Typically in insulating materials or mediums, there will be an electrical limit to the insulating 
properties above which it will begin to degrade as a result of excessive voltage. This is 
known as the ‘dielectric strength’ of a medium, an important characteristic in electrical 
switchgear design. 

Due to its molecular composition, SF6 is extremely stable giving it a high dielectric strength. 
In comparison to other common insulating mediums SF6 has approximately 2.5 times the 
dielectric strength of air at atmospheric pressure, and 5 times the density, making it a 
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superior insulating medium [18]. Furthermore, there is a proportional relationship between 
gas pressure and dielectric strength. At 3 kg/cm2 (2.94 bar), SF6 has a higher dielectric 
strength when compared with insulating oil. This high dielectric strength is advantageous in 
electrical equipment design as it allows more compact equipment design with smaller 
clearance gaps. 

In addition, SF6 possesses a volumetric specific heat (the ability to store heat internally 
before a phase change) which is 3.7 times greater than air, preventing heat being 
transferred to electrical equipment which in turn limits the potential damage caused 
through heat exposure [19].  

In electrical utility applications, common electrical insulation mediums are air or SF6, 
withsome legacy switchgear being mineral oil filled. However, this legacy equipment has 
inherent fire and explosion risks, in the event of failure, and are no longer favoured for use 
on the modern UK network. This is outlined in Figure 3-2.   

Air insulated devices are typically large and sensitive to environmental conditions such as 
pollution or humidity, as examples [20]. Air insulated switchgear is available as a 
competitive product; however there would be issues in retro-fitting sites which currently 
use SF6 as the medium due to the physical size difference and sensitivity.  

In some cases hybrid solutions are developed, including vacuum-interrupting, solid 
insulation and vacuum-interrupting, SF6-insulating switchgear [21]. This alternative solution 
has been investigated as part of this literature review and is discussed in Section 4.2.3. 

Overall, SF6 is a superior insulator to current available mediums, such as air and oil, as it can 
provide compact switchgear solutions and has an unparalleled dielectric strength which 
allows it to be deployed more readily at Extra High Voltage (EHV).  

 

LIBERTY EXHIBIT 1022, Page 13LIBERTY EXHIBIT 1025, Page 82



 

 

Page 14 of 54 

SF6 Alternatives 
Literature Review 

3.2.2 SF6 as an Interrupting Medium  

When used as an interrupting medium, SF6 is able to quickly quench the arc generated 
when the electrical contacts are separated.  

SF6 is an electronegative gas. This allows gas molecules to capture free electrons, produced 
by an arc event, and combine these with the existing gas molecules to produce large, heavy 
and slow moving ions. The absorption of the free moving electrons and low mobility of the 
combined ions further improves the dielectric strength of the gas, relative to air and other 
gases [22]. 

While SF6 is thermally stable up to 500°C, the temperature at an arc-core can reach up to 
20,000°C meaning SF6 molecules will disassociate into multiple gasses. However, SF6 is 
known as a ‘self-healing’ dielectric. As temperature falls the molecules will recombine  
enabling the dielectric strength to recover [23].  

This ability to recombine after the arc, with very little gas being consumed during the 
process, is very valuable. Most of the stable by-products do not degrade the dielectric 
strength meaning no by-products leave conductive deposits and can be removed through 
filtering [10].The time taken for this dielectric recovery is known as the ‘Arc-Time constant’ 
and for SF6, this happens within microseconds allowing multiple short –interval 
interruptions if necessary [19]. 

During disassociation the molecules absorb heat which is subsequently released as the 
molecules reform into SF6 at the arc edge, thus transferring the heat very efficiently and 
cooling the gas [24]. During the arc extinction process, the gas is blown across the arc, 
removing the heat through both natural and forced convection.  The high density and low 
viscosity further improves the efficiency of this process [25]. 

Further information on circuit breaker operation and interruption fault current can be 
found in Appendix A. 

An interrupting medium is required in switching equipment designs to control and 
extinguish the arc as quickly as possible and then to ensure that the joining contacts are 
electrically isolated once the contacts are opened.  Circuit breakers are one switching 
element type, designed to be able to interrupt fault currents as well as switch live circuits in 
and out of operation. This report specifically discusses circuit breakers when discussing SF6 
as an interrupting medium and vacuum interruption, as a known alternative. 

3.2.3 Circuit Breakers 

Over the 20th century, many different mediums have been employed to disperse an 
electrical arc; in addition, developments in circuit breaker design have played a significant 
role to improve interruption and heat dissipation. Figure 3-2 shows an approximate time 
line of the different mediums deployed in switchgear as an interrupting medium. 
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Figure 3-2: Circuit Breaker Interrupting Mediums over the 20th century [26] 

Circuit breakers are designed to ‘break’ or ‘interrupt’ the circuit current flow; the purpose 
for this operation is to protect and control the transmission and distribution system in the 
event of a fault. This function is crucial to switch circuits into service, carry load, and take 
circuits out of service either through manual or automatic control.  

A closed circuit breaker will carry electrical load, and an open breaker break electrical 
currents and will support other assets such as isolators to provide circuit isolation. Ideally, 
breakers will change between these operating conditions on an occasional basis, utilising 
their full capacity to interrupt short-circuit conditions on rare occasions [27]. Short-circuit 
interruptions are the most arduous for the circuit breaker due to the electrical and thermal 
stresses of breaking an electrical arc.  

For the purposes of this report, circuit breakers have been distinguished by their 
interrupting medium in the following sections. 

3.2.3.1 Sulphur Hexafluoride Circuit Breakers 

SF6 breaker designs were first successfully manufactured by Westinghouse in 1957. By the 
1970’s, SF6 HV switchgear was popular, with an increasing demand for gas leading to large 
scale production of SF6 for this purpose. At this time, other industries were identifying other 
applications of SF6 gas, supporting the large scale production. 

Initial designs used a double pressure system, which was superseded in the 1970s by a 
single-pressure puffer type design. The double pressure type system worked on a very 
similar basis to the air blast design, modified to make a closed loop system for the exhaust 
gases. After the arc was quenched, gases in a low pressure reservoir were filtered, 
compressed and then stored in the high pressure reservoir for further use. Heaters were 
also fitted to ensure the gas did not become a liquid in low temperatures, which would 
make the medium unusable as an interrupter [23]. 
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Figure 3-3: Single-Pressure Puffer Type Interrupter [28] 

Single-pressure puffer type interrupters took advantage of the relative movement of the 
contacts to compress the SF6; the pressurised gas is then blown across the arc. This concept 
is demonstrated in Figure 3-3, with the gas flow being blown axially across the arc. Axial 
flow is regarded in literature as the most efficient method of arc-quenching through the 
turbulence created by the gas flow. Relative to the double pressure design, axial flow 
reduces the energy consumed by the device during operation to clear the arc. 

This configuration is also known as a ‘Self-Blast’ type breaker as the operation is achieved 
without external gas compressors. However, there is a distinction between ‘Puffer’ and 
‘Self-Blast’ breakers. In puffer type configurations, the gas is compressed mechanically 
whereas self-blast mechanisms use the heat generated from the arc to increase the gas 
pressure [29]. In self-blast circuit breakers, an arc is drawn across the contacts inside the 
interruption chamber and the gas is released into the arc’s presence as the moving contact 
is removed from the arcing chamber.  

Improved designs can use a puffer assist, to enhance the interruption capabilities, or a 
magnetic coil, to rotate the arc around the gas which provides additional cooling. A coil also 
improves the arc contact lifetime by reducing the rate of mechanical erosion [29]. 

SF6 switchgear is typically designed as ‘sealed pressure system’ for medium voltages 
(<52kV), which are sealed for life and thus unopened during service lifetime. For voltages 
exceeding 52kV, ‘closed pressure systems’ are used and losses due to leakages are 
replenished and equipment is opened during periodic maintenance. 
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Figure 3-4: 'Self-Blast' Circuit Breaker Outline [29] 

Due to the circuit breaker mechanisms used in SF6 switchgear, there will always be a source 
of SF6 leakage regardless of the arc-quenching method used.  

The concern surrounding SF6 leakage is the driver for the current regulation which stipulates 
that switchgear containing significant volumes of SF6 must be monitored and leakage rates 
must be reported. Recently, improvements in designs have seen leakage rates which are 
less than 0.1% per year. However, older units are currently still deployed in the field which 
have higher leakage rates. 

3.2.3.2 Vacuum Circuit Breakers 

Vacuum interrupters work differently to other interrupters as the arc is diffused, as 
opposed to the surrounding medium absorbing the energy. 

The arc is sustained by the electrons and ions emitted from the circuit breaker contacts as 
ionised metal vapour, therefore to interrupt the current (at current zero) if the ions and 
electron emission can be stopped quickly enough, the electrons in the contact gap are 
removed.  Metal vapour condensing shields may be used to support the removal of ions 
within the contact gap. 

1. Expansion Cylinder 
2. Fixed Arcing Contact 
3. Moving Arcing Contact 
4. Coil 
5. Insulating Spacer 
6. Fixed main contact 
7. Moving main contact 
8. Exhaust volume 
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In essence, the interruption process is dependent on preventing an arc column and 
electrode spots being formed; the cathode surface normally has many micro-projections as 
opposed to being a perfectly smooth surface. When the contacts separate, the current will 
collect at these raised points as they are the last points of contact between the cathode and 
anode [23] [17]. 

 
Figure 3-5: Vacuum circuit breaker cross-section [11] 

Vacuum contacts are typically designed to manipulate the magnetic field from the current 
flowing through the contact or a magnetic coil to support the arc disruption. An example of 
this design is Figure 3-6, where the groves and material composition are designed to 
interrupt the arc as efficiently as possible. Another design component is to rotate the anode 
and cathode contacts in order to lengthen the arc and allow it to be interrupted more 
efficiently. 

  

Figure 3-6: Vacuum Circuit Breaker Contact Illustration [30] 
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The capabilities of vacuum interrupters depend on contact size and material. While vacuum 
technology is deployed at lower voltage levels, as the voltage rating increases, this creates 
significant technical and economic demands on the switchgear design. Current designs can 
interrupt for rated voltages up to approximately 72.5kV with new designs extending this to 
145kV [31].Due to the significant energy required to operate the breaking mechanisms, 
extending the voltage operating range beyond this may require multi-break systems.  

While the interrupting technology does not provide a clear indication of the physical size 
difference between SF6 and vacuum switchgear, the insulation requirements for higher 
voltages and multi-break designs will be significant and may impact the overall dimensions 
of such switchgear. 

3.2.4 Further SF6 Properties 

Other properties of SF6 are that it is non-flammable, non-explosive, colourless, odourless, 
and non-toxic [10] [32]. These properties are important when considering other mediums 
used in the energy industry, such as oil circuit breakers which have an inherent risk of 
flammability and explosion. However, whilst SF6 is non-toxic, it does not support life and 
can cause suffocation [33].  

SF6 is chemically inert and will not react with metallic components or contacts. Such 
components will not get oxidized or corroded as a result, meaning there is reduced 
equipment maintenance. 

3.2.5 Summary of Key Properties 

The key benefits of using SF6 gas within utility applications are described in Table 3-2. In 
addition, SF6 is well-established with wide market availability which is also easy to handle 
by site personnel during maintenance. 

From Table 3-2, it can be shown that any alternative has multiple characteristics to fulfil in 
order to provide an uncompromised alternative gas which can deliver the same benefits as 
SF6. Section 4 presents the alternative mediums identified in literature and outlines where 
they meet or fall short of the given characteristics. 
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Table 3-2: SF6 key properties for utility applications 

Key Benefits of using SF6 as an Electrical 
Insulator 

Key Benefits of using SF6 as an Electrical 
Interrupter 

High Dielectric Strength Electronegative gas 

High Thermal Stability High Thermal Stability 

High Density ‘Self-Healing’ Gas 

Low Heat Transfer Negligible interruption by-products 

Non-Toxic Non-Flammable 

Chemically Inert Non-Toxic 

Reduced switchgear footprint Chemically Inert 

 Fast arc-quenching 

 Low Arc Time Constant 

 

3.3 Policy & Standards 

Environmental Policy 

As discussed previously, EC Regulation No 517/2014 [27], which came into force in January 
2015, has the aim of reducing fluorinated greenhouse gases (F-Gases), which includes SF6. 
The enforced policy hopes to see an 80% reduction in emissions from F-Gases by 2035. This 
long term aim indicates that there could be more stringent policy or amendments in the 
future which will impose more restrictions on the use and emissions of SF6. 

Switchgear Testing Policy 

Given that a number of alternative mediums to SF6 are still in their developmental phase, 
there is no standardised material for implementation, operation and testing of these 
technologies. The best course of action may be to use any available SF6 standards and apply 
them as appropriate; this includes the IEC 62271 family of standards.  

Switchgear Maintenance Policy 

Several policies exist which guide the user in all stages of using SF6 for electrical switchgear. 
This includes procuring, transporting, handling, maintaining, ‘topping-up’, and disposing (or 
re-using) of SF6 and switchgear. 

The applicable standards have been tabulated in Table 3-3.  
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Table 3-3: Applicable Technical Standards for working with SF6 gas 

Reference  Standard 

ENA ER G69 Guidance on working with Sulphur Hexafluoride 

ENA ER S38 Reporting of SF6 Banks, Emissions and Recoveries 

IEC 62271 High voltage switchgear and control gear. (The family of standards will be 
useful, specifically Part 303:Use and handling of Sulphur Hexafluoride 
(SF6) 

BS EN 60376:2005 Specification of technical grade Sulphur hexafluoride (SF6) for use in 
electrical equipment 

CIGRE Technical 
Brochure 234:2003 

SF6 Recycling Guide 

CIGRE Technical 
Brochure 276:2005 

Practical SF6 handling instructions 

CIGRE Technical 
Brochure 430:2010 

SF6 tightness guide 

BS EN 60480:2004 Guidelines for the checking and treatment of sulphur hexafluoride (SF6) 
taken from electrical equipment and specification for its re-use 

 

3.4 SF6 Switchgear Monitoring, Maintenance and Hazards 

3.4.1 Monitoring and Maintaining SF6 Switchgear  

SF6 is monitored to ensure the gas is at a sufficient pressure in order to maintain the 
dielectric strength needed to provide electrical clearance. Furthermore, the amount of SF6 
leaked to atmosphere must be monitored and recorded. 

There are two main methods in order to detect gas leakage from equipment: 

1. Taking separate readings for gas and temperature; and  
2. Measuring gas density through natural frequency readings using a true-gas density 

monitor.  

As environmental temperature will impact readings, both of the above methods seek to 
remove the impact of temperature on measurements.  

Furthermore, SF6 insulated switchgear can have a number of different alarms and sensors: 

 Pressure gauge with high and low pressure alarms configured;  

 Gas density sensor; and 

 Moisture detection.  

Typically SF6 switchgear will have pressure or density gauges fitted to the insulated 
compartments. There will typically be a value for minimum operating pressure, at below 
which the operating functionality of the circuit breaker is compromised; some devices may 
trip and ‘lock-out’ if the pressure falls below this value. In distribution systems, SF6 and GIS 
is operated at relatively low pressures; between 0.1 bar and 0.9 bar.  

Some equipment may also have a high pressure alarm, indicating a rise in pressure. This 
may occur if the seal between adjacent compartments has failed and the compartments 
operate at different pressures. Furthermore, additional SF6 density sensors can be placed 
within the enclosed compound to monitor the amount of gas present in the local 
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compartment. To ensure the quality of the SF6 is satisfactory, there is typically a compressor 
which can provide a gas sample to be assessed. 

Moisture is also a primary issue in SF6 switchgear in the event of toxic by-products being 
released; some solid compounds can become more hazardous when it comes into contact 
with moisture. GIS designs will typically design moisture removal into the products, but 
these schemes will have a limit and so moisture detection equipment and alarms can be 
used to warn operators of a possible break in the seal.  

Some switchgear can be topped up with additional SF6 in closed pressure systems, if the 
internal pressure has been identified as lower than the rated pressure. The medium is 
usually delivered as a liquid at a low temperature. Topping up is only carried out by trained 
specialist personnel due to the risks of spilling, overfilling, and adjusting the amount of gas 
required based upon the gas temperature and the local atmospheric temperature. 
Overfilling can result in rupturing the equipment and causing a complete release of gas. 

 

3.4.2 Hazards 

Heavy duty switching operations can generate harmful by-products from decomposition. 
During typical sealed operation, these by-products will recombine into SF6. However, during 
arcs or in the event of switchgear failure, SF6 and its by-products can be released into the 
environment. 

SF6 by-products can be produced due to partial discharge from insulation defects, switching 
arcs, sparks during switching operations or failure arc. Different by-products are formed 
through different electrical discharges. 

While SF6 in its pure form is non-toxic, it does not support life and can therefore become a 
breathing hazard if it has collected. As it is heavier than air, it can typically collect close to 
the ground, in cable trenches or drainage systems, for example. Therefore, site personnel 
are instructed to take care in such environments [2] [33]. Handling procedures have been 
developed to advise how to remove solid by-products and dispose them responsibly. 

Gaseous by-products can affect the purity of SF6 gas (which must comply with IEC 60736), 
which will also impact any handling of used SF6, as the mixture can have toxic effects. 

Exposure to solid by-products, if inhaled, include irritation to exposed skin and eyes, the 
nose, throat, and lungs; further symptoms can occur if sufficient volume reaches the 
gastrointestinal tract [34]. The key by-products of SF6 are listed in Table 3-4, prioritised 
based upon toxicity and risk. 
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Table 3-4: SF6 Gas and By-product hazard description [34] 

Chemical 
Formula 

Chemical Name 
Permissible Exposure 
Limit (over 1 working 
day) (ppm)7 

Experimental 
Concentration (percent 
by volume)** 

HF Hydrogen fluoride 1.8ppm [35] 1 

SOF2 (SF4)8 
Thionyl sulphide (sulphur 
tetrafluoride) 

0.1 ppm [36] 0.5 

SOF4 Sulphur tetrafluoride oxide 0.1 ppm [36] 0.085 

SiF4 Silicon tetrafluoride 0.5 ppm [37] 0.085 

S2F10 (SF5)  Disulphur decafluoride 0.01 ppm [36] 0.025 

SO2F2 Sulphuryl fluoride 5ppm [35] 0.006 

SO2 Sulphur dioxide 2ppm [35] 0.002 

 

Furthermore, additional by-products can be formed as a result of electrical discharge or 
arcing; these include SF2, SOF10, S2O2F10, and H2S. In addition, some metal fluorides 
compounds can form including copper fluoride (CuF2), aluminium fluoride (AlF3) and 
tungsten compounds (such as WF6 and WO3) [34]. 

Of these by-products, S2F10 is recognised as having a relatively high toxicity and is 
recognised as causing the greatest concern for personnel safety. 

The products can be found in two forms; as gases or as a solid power. Specific guidance is 
given on how to recognise the presence of such product through: 

1. A strong ‘rotten egg’ odour at low concentrations; 
2. Eye, nose, throat, and lung irritation at high concentrations; and 
3. Presence of residue powders (white, tan, or grey). 

However, such indicators are not recommended to be used as precautionary safety method 
as S2F10 is odourless in a pure form.  

Engineering recommendation G69 provides clear advice on how to mitigate risks and 
hazards when working with SF6 switchgear. 

The investigation of any alternatives should look beyond the technical characteristics and 
ensure that it is assessed holistically. Paper 0819 from CIRED 2017 has presented the key 
variables outside technical capabilities which impact the viability of a compound being used 
as an SF6 alternative for switchgear. These factors included safety, reliability, long term 
stability, environmental impact and health. The summary of their output can be seen in 
Figure 3-7 [38]. 

                                                        

7 PPM stands for parts per million. This can also be expressed as milligrams per litre (mg/l)   

8 SF4 is readily hydrolysed (broken down by chemical reaction with water) to SOF2 
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Figure 3-7: Outcome of holistic assessment of SF6 alternative mediums [38] 
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4 SF6 Alternatives 

4.1 Requirements 

Whilst the environmental impact of SF6 has been known and quantified for decades, there 
has been significant difficulty in finding an alternative medium which not only matches the 
technical performance of SF6, but also can provide the same compact solution to serve 
current applications. 

Any potential alternative must have a low GWP and also be compliant with the strict criteria 
that current switchgear must meet [21] [39]. These specifications include: 

 High dielectric strength; 

 High heat dissipation; 

 Low boiling point; 

 Low toxicity; 

 Fast arc-quenching capability; 

 No Ozone Depletion (ODP); 

 Non-flammability; 

 Compatible with switchgear materials (Non-Corrosive); 

 Chemically inert; 

 Similar footprint to SF6 units; 

 High stability; 

 Market availability; and 

 Easy to handle during maintenance work. 

Some of these properties have been expanded to explain why it is necessary to include 
these in the technical requirements for a SF6 alternative: 

4.1.1 Low boiling point 

To avoid condensing within typical temperature ranges, any interrupting alternative should 
have a suitable boiling point; this will ensure the medium remains gaseous. SF6 has a boiling 
point of -63.8°C [32]. Manufacturers note that their customers require a minimum 
operating temperature of between -15°C and -25°C [40]. 

4.1.2 No Ozone Depletion (ODP) 

While SF6 currently only impacts the environment by being a GHG, any alternative must not 
increase the overall environmental impact. This includes ozone depletion and global 
warming.  

4.1.3 Compatible with switchgear materials (Non-Corrosive) 

Any alternative shall not corrode the switchgear unit thereby diminishing its serviceable 
lifetime beyond that of currently deployed units. 

4.1.4 Similar footprint to SF6 units 

From a DNOs perspective, increasing the footprint of GIS would result in other issues such 
as renting or purchasing new land. In urban areas, where land prices are at a premium, this 
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can result in a significant proportion of the total capital expenditure;  if physical size was not 
a constraint then AIS or CO2 breakers could be an acceptable solution. 

4.1.5 Market availability 

Ideally, the alternative medium would be widely available from multiple sources to facilitate 
market competition. Furthermore, the cost to transport the medium shall not be excessive. 

4.1.6 Easy to handle during maintenance work 

The medium should have minimal toxicity, to the degree where it can be handled safely and 
short-term exposure is not harmful. SF6 by-products are known to be harmful to varying 
degrees; however there are a number of policies indicated in Section 3.3 to support 
maintenance workers in identifying and protecting themselves from these compounds. 

The gas should have a method of safely transporting and maintaining filled switchgear. If 
the switchgear requires ‘topping up’ this shall be stated by the manufacturer in their 
product manual. 

Thousands of gas compositions have been researched and tested using computation 
screening [41]; however it has been difficult to identify substitutes which possess all of the 
above mentioned characteristics in the current equipment configuration. 

Prior holistic research has also been made on key alternative mediums investigating areas 
such as toxicity, tightness, medium compatibility, flammability and GWP. The outcomes of 
the study noted that no medium fully met all of the criteria, with some producing very toxic 
by-products, others having strong reactions with other materials, and others being 
flammable [40]. 

The available literature regarding the possible alternatives to SF6 is not as comprehensive as 
the data detailing SF6 characteristics. Industry recognises that such investigations are still 
early and further work is required [42]. 

4.2 Insulating Alternatives 

The solutions presented in this discussion have been previously assessed as only suitable for 
insulation purposes as they have been found to have poor arc-quenching capabilities. 

4.2.1 Past Solutions & Investigations 

4.2.1.1 SF6/N2 mixtures 

Initial work to reduce the SF6 volume within switchgear was to mix pure Nitrogen (N2) [43] 
or Carbon Dioxide (CO2) [44].  

Mixtures containing N2 have already been in use within GIL, where large gas volumes are 
required. It was found that a mixture of N2 with 10-20% of SF6 showed a significant 
improvement in dielectric strength, however, the volume of SF6 meant the mixture still 
possessed a high GWP.  

In previous case studies, it was found that a mixture of SF6 and N2 in a 10/90 volume ratio 
yielded a dielectric strength of 59% , relative to pure SF6, but the GWP is 8650 (38% of pure 
SF6). This GWP is still relatively high in comparison to the greenhouse gases outlined in 
Table 3-1 and therefore cannot be said to have a low environmental impact [21].  Also, such 
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mixtures require a higher pressure to match the dielectric strength of SF6 and can still 
potentially emit SF6 to the atmosphere. The conclusion to the use of such mixtures was that 
they could serve as an intermediate step in the process to identify an alternative which 
would eliminate the contribution of SF6 [43] [45], but not as a true alternative due to 
multiple compromises. 

4.2.1.2 Fluorinated Gases 

Fluorinated gases were identified in the early stages of the search for a SF6 alternative due 
to the high dielectric strength associated with such compounds.  Initial concerns arose 
concerning the high boiling points; it is typical for pure gases to scale dielectric strength 
with boiling point. This is an issue for deploying such gases in switchgear; however the 
conventional solution is to reduce the boiling point by introducing a buffer gas [39]. 

Initial investigations into alternative gases are typically assessed against basic criteria 
including toxicity, corrosivity, flammability, low GWP, and low ODP.  From the initial 
assessment of available gases, gases from the following families were concluded to have the 
greatest potential: 

 Hydrofluoroolefins (HFO1234ze and HFO1234yf);  
o Testing showed that these compounds had a low GWP (less than 10) and a 

dielectric strength 80% of SF6, but were deemed unsuitable for switchgear 
applications due to their flammability and that they would leave carbon 
residue during gas decomposition [46]. 

 Fluoroketones (including C5FK and C6FK);  
o Multiple compounds have been tested specifically for HV GIS applications. 

Studies have shown greater dielectric strength and low GWP when compared 
to SF6. However, the products have high boiling points and would require 
mixing with buffer products to maintain a gaseous state at operating 
temperatures [21]. Moreover, some products had high toxicity and vapour 
pressure which created an industrial handling hazard and were rejected. 

 Fluoronitriles (iC4F7N);  
o Studies have shown promising results, with a high dielectric strength 

(approximately twice that of SF6), a reduced GWP of 2300, and a low boiling 
point. It has been developed into compounds which are currently being 
tested in multiple field trials. 

 Perfluorocarbons; 
o While research into perfluorocarbons (PFCs) showed promising dielectric 

strength, the overall GWP was still in the range of 5000 – 12000. Table 4-1 
outlines the dielectric strength and GWP of a selection of PFCs [21].  

 Fluorooxiranes;  
o This family was found to have some compounds which responded similarly to 

fluoroketones. However, the molecular composition is different which results 
in a more stable compound under solar radiation (with a lifetime of 38 years 
and a subsequent GWP of 4100). 

o Studies focused on C4F8O, due to its low boiling point (0°C), low toxicity, and 
superior dielectric strength (relative to SF6), however the conclusions were 
the GWP was too high compared to the technical benefits. 
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Fluoroethers and Hydrochlorofluoroolefins have also been investigated. Some of these 
gases were also being utilised as replacement gases for refrigeration and fire suppressant 
applications; these were other industries which had previously been using mediums with a 
high GWP or ODP, and subsequently had to find alternatives to comply with government 
regulations however the gases were not determined as suitable alternatives for the energy 
industry for various reasons [40]. 

Table 4-1: PFC relative dielectric strength (when compared to SF6) [21] 

PFC Dielectric Strength (% of SF6) GWP 

CF4 40% 7390 

C3F8 88% 8830 

C4F10 120%-130% 8860 

C4F8 125% 10300 

C2F6 78% 12200 

 

Two key chemicals have shown great benefits in multiple testing stages; fluoroketones and 
fluoronitriles. 3M has recently produced mediums specifically designed to replace SF6 within 
the energy industry [47] as both an insulator and interrupter. These products are two 
dielectric fluids, Novec 5110 (a fluoroketone) [48] and Novec 4710 (a fluoronitrile) [49]. As 
both are fluids at typical operating temperatures, they must be vaporised and mixed with 
other gases (typically air or CO2) to produce a gas which can be used within switchgear. This 
is discussed in further detail in Section 5 of this report. 

4.2.1.3 Other Investigations 

Cyanoketene (OCCHCN) has been theoretically studied as a potential alternative insulation 
gas for SF6, using computational methods. Furthermore, the paper has identified different 
criterion for identifying alternative solutions for SF6 [50]. However, there as yet is no 
evidence of the gas being tested to confirm the findings from the report. Therefore the TRL 
of this gas, for the application as an insulation medium within switchgear, can be estimated 
as 1 based on available literature and is too low for the purposes of this project. 

Previously, in 2010, Honeywell submitted a US patent for gaseous dielectrics with low global 
warming potentials, low boiling points and reasonable toxicity levels which registered 
numerous gases as having the potential characteristics to be used as an insulation medium 
in electrical equipment. This included Hydrofluorocarbons such as HFC-134a as detailed in 
Table 3-1  [46]. However, no literature has suggested that further work has been 
undertaken to produce an alternative medium to SF6 for switchgear applications on the 
basis of this patent. 

4.2.2 Solutions under Investigation 

4.2.2.1 HFO1234zee 

HFO1234zee, a hydrofluoroolefin, was presented at CIRED 2017 as a possible SF6 alternative 
for MV switchgear as an insulation medium. 

Paper 0389 [51] presents the findings from the investigations into multiple technical 
characteristics required for this application with the conclusion that, based on these 
outcomes, HFO1234zee is a feasible alternative to SF6 for electrically insulating MV 
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switchgear. Having said this, additional testing may be required to bring it to a similar TRL to 
the other alternatives proposed. 

It has been noted that the medium is not suitable for current interruption due to its 
flammability however it has been recommended to be used with a vacuum interrupter to 
present an SF6 free solution. 

4.2.2.2 Synthetic Air 

While previous sections in this report have outlined why SF6 is a superior insulating medium 
in comparison to air, Nuventura, a newly established company in Germany, have recently 
put forward a design concept which uses synthetic air alone as the electrical insulator 
without compromising the compactness of the design. This product is discussed further in 
Section 6. 

4.2.3 Commercially Available Solutions 

4.2.3.1 Solid Insulation Switchgear (SIS) 

Manufacturers and developers have investigated other routes to identify alternative 
mediums; companies such as Eaton [52], Meiden [53], Hitachi [54], Schneider [55], Toshiba 
[56], and others [57] have investigated or developed solid-insulation, vacuum-interrupting 
solutions which are capable of interrupting currents up to 145kV. 

These designs have the live equipment moulded with epoxy resin and then covered with an 
earthed conductive layer. It presents advantages over AIS by protecting the equipment from 
environmental damage or third party interference. Manufacturers present this technology 
as possessing high reliability and reduced routine maintenance requirements. Furthermore, 
the design reduces the risk of a phase to phase fault. 

Proposals have also been submitted for the use of hybrid insulation GIL systems combining 
gaseous insulation using dry air, N2, or CO2 together with solid insulation. As an example, 
the solid insulation can cover the live parts in a resin of epoxy or analogous type, providing 
a steep electric gradient thus reducing the electric field around the live equipment with a 
gas providing the insulation between the epoxy and the sheath. 

However, the insulation from these sources may not be equivalent to that provided by SF6, 
and such technology may require an increased physical footprint compared to that made 
possible when using SF6 insulation. Therefore, any technology being evaluated to replace 
existing SF6 assets should carefully assess this criterion.  
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4.2.3.2 Fluoroketones 

Novec 5110 (CF3C(O)CF(CF3)) has been developed as an alternative to SF6 gas, intended for 
use as an insulating medium with: 

 A GWP of less than 1; 

 A boiling point of 26.9°C; 

 A dielectric strength 1.4 times greater than SF6; 

 Non-flammable; and 

 Non ODP. 

In addition, the manufacturer notes that it is compatible with a wide range of equipment 
components. It is noted that there can be issues in components found in lubricating greases 
and elastomers used in gaskets and O-rings. However, the boiling point is too high for 
operating as a pure gas and requires mixing. 

ABB have collaborated with 3M to produce a gas mixture branded ‘AirPlus’ which is a 
mixture of Novec 5110 and dry air. This product has been made commercially available 
within a specific product portfolio including indoor HV RMUs. These have been in field 
testing since November 2015 and have provided consistent results with the behaviour 
expected from previous work [58]. 

The technical specification has been summarised in Section 5.1. 

 

4.3 Interrupting Alternatives 

The solutions detailed in this section have both the capability to insulate switchgear and 
interrupt fault current. 

4.3.1 Past Investigations 

Previously, proposals have been made to replace SF6 with trifluoroiodomethane (CF3I) [59]. 
The superior dielectric strength of CF3I, GWP of 5 and an atmospheric life time in the order 
of a few days appeared to show positive benefits. It was considered one of the first serious 
candidates as an alternative, demonstrating positive behaviour when mixed with CO2 or N2, 
with the possibility of being used in both insulating and interrupting applications. 

Despite these positive outcomes, it was concluded there are two key issues in using the 
compound for these applications [21] [42]: 

 CF3I was classified as a category 3 carcinogenic, mutagenic, and reprotoxic (CMR) 
substance. This meant it was incompatible on an industrial scale; and 

 The presence of Iodine (I) caused oxidation and corrosion. 
 

4.3.2 Commercially Available Products 

4.3.2.1 CO2 pure gas 

While CO2 has been seen as the most promising arc-quenching alternative gas [60] [61]  
( which can be further enhanced by adding other compounds [62]), when studying the 
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performance of naturally occurring gases, the gases switching and dielectric properties are 
below those of SF6 [1] [63]. 

CO2 has been previously investigated as both an insulating and interrupting medium. To 
enhance the arc-quenching ability of CO2 without introducing corrosivity or flammability, an 
85% CO2/ 15% O2 mixture was introduced to improve the decay rate of the post-arc current. 
The tests were carried out using the ‘self-blast’ technique using the arc heat; this design 
used a tank which was 1.7 times the size of an equivalent SF6 rated unit [44].  

However, it has been noted in literature that common gases such as CO2 and N2, have 
significantly inferior interrupting capabilities compared to gas mixtures using SF6 at similar 
pressures. To use such mediums for interrupting purposes has led to larger interrupter 
designs, typically using a multi-break system, with high gas pressures to meet the same 
technical specification. Such devices will require a large driving force to operate the 
interrupting mechanism which can result in a higher environmental impact [1]. 

Commercially available products using pure CO2 as a replacement for SF6 have been 
developed, however they are much larger than SF6 equivalent units [64]. 

4.3.2.2 Fluoronitrile 

Novec 4710 has been developed as an alternative to SF6 gas, intended for use as both an 
interrupting and insulating medium with: 

 A GWP of 2100; 

 A boiling point of -4.7°C; 

 A dielectric strength 2 times greater than SF6; 

 Non-flammable; and 

 Non ODP. 

In addition, the manufacturer notes that it is compatible with a wide range of equipment 
components. It is noted that there can be issues in components found in lubricating greases 
and elastomers used in gaskets and O-rings. However, the boiling point is too high for 
operating as a pure gas and requires mixing. 

GE has collaborated with 3M to produce g3, a mixture of Novec 4710 and CO2. Laboratory 
tests have been conducted to identify the technical characteristics of g3 for the purposes of 
HV switchgear, which have yielded positive results [65]. Currently, products are being tested 
with GIS and GIL in multiple sites, as well as instrument transformers, across nine utilities 
[66]. 

The technical specification has been summarised in Section 5.2. 

4.4 Considerations for Testing and Validating SF6 Alternatives 

When an alternative medium to SF6 has been proposed, it must undergo testing to verify 
performance and the required criteria. This testing must not only assess the switchgear unit 
and the medium, but also how they will interact at all stages in the switchgear units 
lifetime. This will include installation, handling, monitoring, operation, and 
decommissioning. By doing this, industry can build confidence in the proposal and the TRL 
can be raised. 
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Any alternative solution can only be considered as acceptable by industry by meeting the 
requirements of IEC and ISO regulations. These include the IEC 62271 family of standards 
and ISO 9001. 

In addition, any alternative medium will have to be similarly tested and specified, just as SF6 
gas is in: 

 IEC 62271-303 – High-voltage switchgear and control gear: Use and handling of SF6; 

 IEC 60376  - Specification of technical grade sulphur hexafluoride for use in 
electrical equipment; and 

 IEC 60480 – Guidelines for checking and treatment of sulphur hexafluoride taken 
from electrical equipment and specification for its re-use. 

Any testing program prepared to study alternative mediums and their performance in 
existing switchgear must assess not only the technical characteristics associated with the 
switchgear, but also the risks associated in using the medium, including any by-products 
which may be generated through partial discharge, arcing, or other electrical phenomena. 
Whilst the alternatives are being tested to replace SF6, this does not mean that they will 
necessarily react in the same manner under different testing conditions. For example, some 
mediums have shown a decrease in dielectric strength in lower temperatures [40]. 

Research in alternative mediums is still on-going, with further work required. Exhaustive 
studies on decomposition products after current switching and their level of toxicity are still 
required for different operating conditions [42]. Furthermore, it should be considered how 
the switchgear lifetime will be affected by new medium or gas mixture. How the medium 
ages and reacts with surrounding materials shall also be analysed carefully through 
accelerated ageing tests and operating the equipment under different environmental 
conditions. 

Finally, an effort should be made to identify and document any issues in using the 
alternative medium including handling, mixing, maintaining constant mixture composition, 
recycling, and the associated equipment design changes that may be required. 

Overall, it is clear that there are challenges in not only developing an alternative product 
which will be accepted by the market, but also in developing a switchgear product using the 
proposed mediums or in integrating them into an industry which has been focused on SF6 
switchgear for a significant period of time. 

4.5 Summary of Identified Alternatives 

Section 4 has outlined the key alternative solutions to SF6 which have been identified in 
literature, as well as outlining mediums which were previously considered and subsequently 
concluded as unsuitable. Work has been done to pure mediums to enhance their properties 
and make them more suitable for deployment in switchgear applications. 

Table 4-2 summarises key technical characteristics of the gases shortlisted in literature, at 
the time of writing. 
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Table 4-2: Properties of pure mediums considered for alternatives to SF6 [39] 

Mediums SF6 CO2 C5-PFK C4-PFN HFO1234zee 

CAS Number 2551-62-4 124-38-9 756-12-7 42532-60-5 1645-83-6 

Boiling Point (°C) -64 -78.5 26.5 -4.7 -19 

GWP 23900 1 < 1 2100 6 

ODP None None None None None 

Flammability None None None None Yes 

Dielectric Strength 
(relative to SF6) 

1 0.3 1.4 2 0.8-0.9 

Toxicity (ppm) 1000 5000 225 65 800 

Potential Insulator -     

Potential 
Interrupter 

-     

TRL 9 8-9 7 6 3 

References  
[10] [25] [42] 

[67] 
[44] [68] [48] [69] [40] [49] [40] [51] [70] 

 

As outlined in section 4.3.2, the pure mediums developed by 3M have been blended with 
common gases such as air, nitrogen and carbon dioxide to reduce the boiling point of the 
pure products to make them suitable for switchgear applications as an interrupting 
medium; however this has reduced the dielectric strength. 

Also, pure CO2 has been discounted as a viable alternative for the purposes of this study, 
due to the increase in switchgear physical dimensions, relative to a similarly rated SF6 unit. 
However, CO2 mixtures make up some of the gas mixtures which have been trialled 
previously by developers. 
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5 Available Technology 

Some of the compounds presented in Table 4-2 have been adjusted and produced as 
commercial solutions to replacing SF6 for energy industry applications. These have been 
outlined below. Furthermore, the current status on the availability of vacuum technology 
has also been noted. 

5.1 ABB - AirPlus 

AirPlus, developed in collaboration between 3M and ABB, is a fluoroketone (C5-PFK) 
compound9. As with other pure gases, the addition of fluorine increases the dielectric 
strength at the cost of increasing the boiling point. Subsequently, it required a buffer 
compound to lower the boiling point. 

For MV design, Novec 5110 is blended with dry air. At HV levels, CO2 and dry air are both 
added to improve the gas electrical properties. 

ABB have developed, and commercially advertised SafeRing AirPlus as a medium voltage 
gas-insulated indoor RMU, which can operate at 24kV with a 630 A rating. This product uses 
AirPlus as an insulating medium for live components and vacuum interruption [71]. In 
addition, ABB have also developed SafeRing Air which uses dry air insulation up to 11kV. 
Both products have the same physical dimensions as SafeRing, ABB’s SF6 insulating RMU 
design. 

SafeRing AirPlus is currently deployed as a field test in Flevoland, in the Netherlands. Four 
units were integrated into an existing wind farm grid, and will be monitored for a three year 
period from 2015 to 2018. 

The monitoring is measured by the amount of a specific decomposition gas 
(Heptafluoropropane, C3HF7) to indicate the gas condition. Furthermore, gas pressure and 
temperature were monitored. The outcomes from the field trial have indicated that the gas 
has performed as expected and that AirPlus insulation gas will not impact the lifetime of MV 
switchgear [71]. 

5.2 GE - g3 

The compound g3, was developed in collaboration by GE and 3M and has been fully type-
tested and is commercially available.  

Similar to AirPlus, it required a buffer compound to lower the boiling point. For MV design, 
Novec 471010 (a C4-PFN) is blended with Nitrogen. At HV levels, CO2 is blended to improve 
the gas electrical properties. 

Technically, g3 has been found to have similar performance characteristics to SF6 For 
instance, it is able to deliver the same dielectric strength as SF6 under ambient conditions. 

                                                        

9 Referring to section 4.2.3.2 

10 Referring to section 4.3.2.2 
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Furthermore, g3 has been tested for breaking capability and has been proved up to 420kV 
with similar dimensions and operating energy to SF6 equipment. 

Practically, GE has gas handling systems in place including bespoke supply, handling and 
monitoring solutions. Moreover, there are specific measurement devices to monitor gas 
ratio, moisture, tightness and detect leakage available. 

Currently, g3 is being used in HV GIL and gas insulated substations by multiple Transmission 
System Operators (TSO): 

 National Grid (UK) is replacing a 420kV gas-insulated busbar at their Sellindge 
substation, near Folkestone in England as a pilot test for g3. The project was 
commissioned in 2016; 

 Scottish Power Energy Networks (Transmission) has awarded GE with a contract to 
supply a GIL with g3 in Kilmarnock South Substation in the South West of Scotland; 
this project alone is estimated to save 1.7 tonnes of SF6; and 

 Axpo, a TSO in Switzerland, is being supplied with a 145kV gas-insulated substation 
only using g3 in all components. 

Further results from these trials will be expected in due course. However, GE currently have 
no known product available for MV switchgear and so no direct comparison can be made 
with current products. 

5.3 Nuventura – Synthetic Air 

Nuventura have outlined their product which uses synthetic air as an insulator without 
compromising on the compactness offered by SF6 switchgear, matching the typical width of 
SF6 solutions. Furthermore, they have suggested that the capital and operational 
expenditure is lower when compared to SF6 switchgear, by 7-10%, due to the lack of need 
for gas handling procedures or gas regulations. 

Their product currently works for 12-36kV, with a rating of up to 1250A.  

Their product is currently being pilot tested by an unnamed Distribution System Operator 
(DSO) in Germany, and they are currently engaging with other TSOs/DSOs to conduct 
further pilot testing. There will be articles expected later in 2018 to discuss the work 
performed to date. 

5.4 Solid Insulation 

Multiple manufacturers have put forward traditional vacuum interrupting technology as an 
alternative interrupting medium to SF6 gas, which has been available for several years. 
Companies such as Eaton, Schneider, ABB and Lucy all have commercially available products 
which are capable of interrupting MV fault currents.  

While some products still use SF6 as an insulating medium, others such as Eaton and 
Schneider have developed SF6-free products by deploying solid insulation. Such technology 
may have additional hurdles to overcome such as alternative components placement within 
the switchgear which may conflict with current installation procedures. 
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5.5 Considerations in Adapting or Using Commercially Available SF6 
Alternatives 

As outlined, there are multiple technologies arising which have the potential to replace SF6 

to some extent in the near future. These technologies have a broad spectrum of TRLs and 
are being applied in different formats (different voltage levels and different switchgear). In 
addition, some companies have developed these technologies into commercially available 
alternatives. There are also additional technologies, such as g3, which do not have any 
literature demonstrating any switchgear at MV levels.  

As this project is specifically looking to retro-fit SF6 switchgear at a MV level, it is important 
to identify: 

 Which current SF6 technology is deployed in industry and what its purpose is; 

 Which current switchgear can be retro-fitted; and 

 The variation in width and length of alternative products, as a significant increase in 
these dimensions could mean extensive cost and labour to accommodate it on site. 

Specifically, the physical dimensions of the unit and the interface to the surrounding 
connections should ideally be as similar to current switchgear as possible to limit the cost of 
wide-scale retrofitting; however it is accepted that this may not be possible due to the 
nature of some solutions and the differentiation between utility practices. 

Furthermore, current technology may have different applications; for example the ABB 
SafePlus units are all designed to be indoor RMUs whereas the current project is 
investigating the viability of retro-fitting outdoor RMUs. These issues should be clarified 
with the manufacturers to confirm the viability of retro-fitting switchgear using particular 
alternative mediums. 

In addition, SF6 alternative technology is being deployed in other forms of switchgear in the 
Energy Industry. This includes circuit breakers such as the Schneider Premset, which uses 
solid insulation and vacuum interruption, but is not fitted within RMUs. Deploying such 
technology may require further labour and cost. 
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6 Further work 

While this report outlines the proposals which are currently available, further work is 
required to allow the project to progress towards trialling key mediums in the suggested 
switchgear to identify the viability of a retro-fit SF6 alternative solution.  

In order to refine a list of suitable switchgear through analysis of technical information such 
as typical field lifetime of switchgear, common failure modes, key components and/or 
materials which affect lifetime and compatibility of proposed alternative mediums all 
require input from manufacturers to provide a clear picture of what trials are possible. 
These discussions will help to hone the design of any proposed retro-fit.  

Furthermore, the economic feasibility of alternative proposals should be addressed also; 
however it will be difficult to compare the cost of installing a business as usual product (SF6 
based) with field trial costs. However, as trialling continues, these costs should become 
more apparent. The feasibility could be identified through comparing economic indicators 
such as capital and operational expenditure. 

In addition, key personnel within utilities should be interviewed to identify what designs will 
conflict with current business as usual practices and what compromises could be possible in 
the future. It is possible that multiple utilities may need to be surveyed in order to identify 
common themes of acceptable design and practice. 

The maintenance regime will need to be assessed for any alternative proposed. As current 
products are advertised as either maintenance free or low maintenance, it would be ideal to 
develop a product with the same intention. However, new products will require much more 
testing and product validation before enough market trust has been developed. 
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7 Conclusion 

The purpose of this report is to provide a literature review of SF6 alternatives and any 
previous trials conducted to test or demonstrate their capabilities, thus providing sufficient 
information to identify key mediums which should be considered for testing within HV 
switchgear as a potential solution for insulation and arc interruption. 

Research has shown that there are alternative solutions  currently available for replacing SF6 
within a circuit breaker. AirPlus and g3 are both currently under test in live networks, and 
have been tested according IEC specifications. Furthermore, vacuum interrupting 
technology has been well researched with multiple companies offering commercial 
products using different insulating mediums; the alternatives to SF6 have included solid 
epoxy and common naturally occurring gases. HFC1234zee has also been investigated as a 
possible insulation alternative. Finally, Nuventura have proposed technology which uses dry 
air in relatively compact solutions. 

Therefore, the insulating alternatives to SF6 gas which could be considered for retro-fitting 
into existing switchgear under laboratory conditions are AirPlus, g3, HFC1234zee and solid 
epoxy. In addition, Nuventura’s technology could be considered for UK field testing. 

The interrupting alternatives to SF6 gas which could be considered for retro-fitting into 
existing switchgear under laboratory conditions are g3 and vacuum technology. 

Table 7-1: Summary of Considered SF6 Alternatives 

Description GWP 
Suitable for 
Insulation 

Suitable for 
Interruption 

Comments 

Pure CO2 1  
Not compact 
enough for SF6 
retro-fit [44] [68] 

HFO1234zee <10  
Too flammable for 
interruption [46] 
[72] 

Perfluorocarbons 5000-12000   GWP too high [21] 

C5-PFK 1  

Possible insulator; 
‘AirPlus’ is a 
commercial product 
using this 
technology [48] [69] 

C4-PFN 2100  

Possible insulator 
and interrupter; ‘g3’ 
is a commercial 
product using this 
technology [40] [49] 

CF3I 5  
Category 3 CMR 
Substance [21] [42] 

 

These recommendations have been made on available existing literature. The suitability of 
the alternative mediums will also require manufacturer engagement and a feasibility study 
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of adapting the medium for specific existing switchgear. Furthermore, this area of research 
is very much active and it is possible that other alternatives may be developed which have 
not been discussed in this document. 

Furthermore, WPD’s needs should be considered in any retro-fit design. Current asset 
deployment will be focused on current equipment and radical alterations to existing 
equipment may require extensive labour and high costs, making any derived solution 
uneconomical. 
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8 Appendices 

8.1 Appendix A: Principle of Arc Interruption 

In switchgear interruption, two key parameters exist; making capacity and breaking 
capacity. 

Breaking capacity is the RMS value (√2𝐼𝐾) of the short-circuit current that the device can 
interrupt at its rated voltage. 

Making capacity considers the highest possible short-circuit current that a unit can close 
onto (closing he circuit) without failing.  This will be the peak asymmetrical value (coloured 
red in Figure 8-1), as opposed to the RMS. 

 
Figure 8-1: Illustration of Peak and RMS Short-Circuit Current 

As seen in Figure 8-1, AC fault currents pass through ‘current zero’ during their frequency 
cycle. This is the optimal point to extinguish an arc in conventional circuit breakers and then 
prevent further current flow. 

Current Interruption Theory 

Within a circuit breaker, there is a need for a mechanism which can interrupt fault currents 
and maintain sufficient insulation to prevent further current flow. 

The typical method for interrupting the flow of current in high-voltage systems is by 
introducing a non-conductive medium into the path of the arc plasma. This is currently 
achieved by separating two metallic contacts with a mechanical process in the presence of 
an interrupting medium; this gap is then automatically filled by the interrupting medium. 

The basic requirement for current interruption in an AC system is for an exponential 
increase in resistance to the arc plasma at the current zero, to supress and interrupt current 
flow. At this point, arc extinction will lead to a rise in arc voltage. The voltage rise can be 
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thought of as an attempt by the system to re-strike the arc and resume current flow across 
the contact gap. 

The arc voltage can be defined as the voltage difference across the contacts during the 
arcing period. This is typically relatively low with a heavy current flow, however when the 
current reaches zero in its waveform cycle, the arc voltage will rapidly rise to a peak value in 
an effort to maintain the power flow. This high voltage develops in order to drive enough 
current through the interrupting medium to sustain the arc.  

The process of current interruption (or arc extinction) is as follows [23]: 

1. Initially, as the contacts separate, an arc will form across the contact gap. This arc 
then must be controlled and reduced during a high current phase, and then 
quenching it in the presence of a high voltage at current zero.  

2. At and after the current zero, a sufficient resistance to the arc plasma must be 
present, in the form of a medium with a high dielectric, which supresses and 
prevents further current flow. 

3. Finally, any degradation of the dielectric strength between of the two contacts seeks 
to recover faster than the electrical stress due to the electrical system, which is that 
the contacts must survive the largest voltage which can be generated by the system 
without voltage breakdown occurring in the interrupting medium. Otherwise, the 
breakdown voltage would overpower the dielectric strength of the medium, and 
cause the arc to re-ignite. 

 
Figure 8-2: Current and Voltage profile during arc interruption [23] 

The current zero mentioned previously is a natural part of an AC waveform and can be used 
to interrupt the current when it passes through zero during its natural 50/60Hz cycle which 
happens once every half-cycle. By interrupting the current at this point, the interruption 
occurs at the minimum rate of change of current which also minimises the induced voltage 
following the current interruption; this is true for conventional power systems which are 
inherently inductive. The current profile during the arc extinction process is shown in Figure 
8-2.  
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8.2 Appendix B: SF6 applied in various gas-insulated electrical equipment 

This appendix outlines how SF6 is practically used within the energy industry, as both an 
insulating medium and an interrupting medium.  For the purposes of this report, switchgear 
and GIL have been discussed only. It should be noted that SF6 can also be used as insulation 
in transformers and substations. 

Gas Insulated Switchgear 

In GIS, the SF6 is injected into a series of discrete chambers to insulate the different live 
parts from the earth and each other. This allows easy access for maintenance and repair 
services as each chamber can be de-pressurised and worked on without affecting the 
pressure of the other chambers. Furthermore, such modular designs have the capability for 
extensive in-plant preassembly and testing of large units & complete bays which reduces 
assembly and commissioning time on site, which optimises costs. 

GIS will have a switching element, such as a circuit breaker, as part of the design. 

An example GIS is illustrated in Figure 8-3 where all the blue elements denote the insulating 
barriers between the separate SF6 chambers in an example GIS feeder circuit breaker. All 
equipment in red denotes electrically live equipment with the yellow showing sealed SF6. 
While Figure 8-3 shows an example operating at EHV (170kV), it demonstrates the different 
components of a typical GIS and how SF6 can benefit the designs; as an insulating medium, 
it can allow much more compact designs of GIS with smaller insulating compartments. This 
reduces the overall plant footprint, reducing associated capital costs including land 
purchasing. Figure 8-4 shows the corresponding single line diagram. 

 
Figure 8-3: HV SF6 GUS Cross Section (Fuji Electric 170kV) [28] 
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Figure 8-4: Single Line Diagram for Figure 8-3 [28] 

Different types11 of circuit breakers are discussed in further detail in section 3.2.3. The key 
desired parameters can include reliable performance, and maintenance-free. Each circuit 
breaker pole in a three phase unit will be operated by a spring mechanism; the components 
of this will include a charging system, mechanical energy storage, and an actuator per 
breaker pole. 

GIS will also typically contain a disconnector and earthing switch, which can sometimes be 
enclosed within the same compartment and operating mechanism. Earthing switches are 
typically slow in operation. These can be configured in different arrangements to provide 
flexibility.  

The purpose of the disconnector is to ensure that the equipment is de-energised for 
maintenance purposes and the earthing switch ensures that the equipment is to isolate the 
circuit after operation. There will be a separate maintenance and make-proof earthing 
switch. Typically, GIS will have mechanical interlocking systems to prevent personnel 
carrying out maintenance on energised equipment. 

A fast-acting earthing switch may also be designed for GIS to ground switchgear sections. 
The additional benefit that fast acting earthing switches offer over maintenance earthing 
switches is that they can close on energised conductors without enduring significant 
damage and can earth capacitance from conductors or cables.  

 Other components such as voltage and current transformers, busbars, and cable 
terminations will be encapsulated in SF6 in earthed enclosures to allow more compact 
design to the superior insulating properties of SF6 in comparison to air.  

Gas insulated switchgear can not only be used at higher voltages within substations, but 
also within the secondary substations and outdoor units, within the distribution network. 
One switchgear example is Ring Main Units (RMUs), which can contain switch disconnectors 
(fused or unfused) or circuit breakers as the switching equipment. They can be typically 
found in urban areas, large buildings, industrial sites, and wind farms. 

                                                        

11 The different types are differentiated by the interrupting medium within the breaker. The main body 
discussed SF6 and vacuum interrupters, with Appendix X providing further information on other units. 
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Their main benefit to the network is that, by connecting in a ring topology, a fault within the 
local circuit can be mitigated by supplying the loads through two alternate routes 
simultaneously. 

They are typically used up to 24kV, with higher voltages being sealed with higher pressure 
insulating gas. Figure 8-5 illustrates an example of an indoor RMU which used SF6 as the 
insulating gas and a vacuum interrupter. 

 
Figure 8-5: RMU example cross section (Siemens 8DJH Type L) [73] 

Gas Insulated Lines 

Gas Insulated Lines were developed in parallel to GIS, utilising the same insulating 
properties of SF6 to provide safe, reliable transmission of high-voltage electricity. Similarly 
to GIS, designs achieve reduced space and minimal electromagnetic radiation. The key 
different between GIS and GIL is that there will not be any switching element within GIL to 
interrupt current [74]. 

Developments in GIL are using smaller amounts of SF6, mixed with nitrogen to comply with 
environmental regulations. An example illustration of a GIL cross section is shown in 
Figure 8-6Error! Reference source not found.. Alternative solutions are currently being 
trialled in GIL; as GIL uses significant amounts of SF6, an alternative solution rolled out 
across GB would significantly impact the amount of gas used by the energy industry. 
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Figure 8-6: GIL Cross Section (courtesy of Siemens) [75] 
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