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There is an increasingly urgent need to achieve decarbonization in all 
sectors worldwide – actions to reduce GHG emissions must be taken fast

• In the UNFCCC (United Nations Framework Convention 

on Climate Change) Paris Agreement signed by 189 

countries in 2015, it was agreed to limit anthropogenic 

global warming to well under 2º centigrade

• Each country must determine and report regularly on how 

it intends to mitigate its greenhouse gas emissions and 

thus reduce global warming

CAN

2035: Net zero electricity

2050: Net zero GHG pollution

US

2035: 100% clean electricity

2050: Net zero GHG pollution

EU

2050: First climate-neutral continent

China

> 2030: CO2 emission peak

> 2060: Carbon neutrality
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WHY ?

Source: https://www.un.org/sustainabledevelopment/sustainable-development-goals/

4

https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.youtube.com/watch?v=xVWHuJOmaEk
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Siemens Energy is committed to realize UN Sustainable Development Goals
We want to enable our transmission industry to achieve it sustainability goals

Core sustainable development goals for electrical grids

▪ Health and Well-being

Goals are highest occupational safety for production, operation 

and service and highest public health and safety: 

ZERO toxicity and 

ZERO pollution: no PFAS (forever chemicals) F-gases

▪ Affordable and Clean Energy

Clean generation: ZERO GHG emission by renewable generation

Clean grids: ZERO GHG use in electrical grids

▪ Climate Action

ZERO SF6

ZERO GHG: Global Warming Potential (GWP) = 0
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The world is jointly working on a safe and sustainable future
Goals, Agreements and Regulations

UN Sustainable Development Goals

UN Paris Climate Agreement

US 

2035 100% Clean electricity

2050 Net-Zero GHG pollution

Recommitting the US to the Paris Climate Agreement

Executive Order on Protecting Public Health and Environment

Executive Order on Tackling the Climate Crisis

CLEAN Future Act CARB regulation for SF6 & GHG emissions

EU 

2050 First climate 

neutral continent

EU F-GHG regulation

EU Chemical Strategy for Sustainability and a toxic-free environment

EU Safe and Sustainable by design

China  

Before 2030 CO2 Emission peak

2060 Carbon neutrality

EU PFAS restrictions

CAN: 

Net-zero Emissions Accountability Act

2035 net-zero electricity

2050 net-zero GHG emissions

https://sdgs.un.org/goals
https://unfccc.int/
https://www.epa.gov/
https://www.whitehouse.gov/briefing-room/statements-releases/2021/01/20/paris-climate-agreement/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-protecting-public-health-and-environment-and-restoring-science-to-tackle-climate-crisis/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://energycommerce.house.gov/sites/democrats.energycommerce.house.gov/files/documents/CLEAN%20Future%20Act%20One-Pager%20FINAL.pdf
https://ww2.arb.ca.gov/our-work/programs/elec-tandd
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_335
https://ec.europa.eu/commission/presscorner/detail/en/ip_20_335
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12479-Fluorinated-greenhouse-gases-review-of-EU-rules-2015-20-
https://ec.europa.eu/environment/strategy/chemicals-strategy_en
https://ec.europa.eu/environment/events/safe-and-sustainable-design-criteria-chemicals-materials-and-products-first-stakeholders_en
https://www.bbc.com/news/science-environment-54256826
https://www.bbc.com/news/science-environment-54256826
https://echa.europa.eu/de/-/restriction-of-per-and-polyfluoroalkyl-substances-pfas-under-reach
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/net-zero-emissions-2050/canadian-net-zero-emissions-accountability-act.html
https://www.canada.ca/en/services/environment/weather/climatechange/climate-plan/climate-plan-overview/emissions-reduction-2030/sector-overview.html#sector3
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Major TSO´s have committed to the UN global sustainability 
goals and report according GHG protocol

Reporting acc. to Greenhouse Gas (GHG) Protocol UN Global Sustainability Goals

Scope 1:

Direct Emissions from own sources

Scope 2:

Indirect emissions from purchased energy

Scope 3:

All other indirect emissions in value chain
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The pressure on power companies to phase out 
SF6 and other F-gases is especially high

• With global carbon emissions hitting an all-time high of 

36.8 billion metric tons in 2019, there is growing 

pressure on power companies to step up their 

decarbonization efforts

• SF6 is classified as a strong greenhouse gas (GHG) with 

a CO2 equivalent of 25,200, but is still commonly used as 

an isolation gas in switchgear products

• An increasing number of companies have already 

committed to switching to SF6 -free alternatives
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California SF6 & 
GHG Regulation 

1) Stepwise phase-out of SF6 for GIE in electrical grids

2) Reporting of all gases with a GWP > 1

Electricity grids: GHG emissions

Final regulation order

… Siemens Energy Blue F-gas-free portfolio with 
GWP = 0 fully complies with the Californian 
regulation and is not regulated (not covered gas 
because of GWP=0: no ban, no reporting duties)

Phase out of SF6 in GIE 
(Gas-insulated equipment)
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Source: https://assets.siemens-energy.com/siemens/assets/api/uuid:ce31f501-4351-4511-8c60-2715119fab88/sustainability-report-2020-siemens-energy.pdf

https://www.siemens-energy.com/global/en/news/magazine/2021/carb-new-regulations-on-sf6.html
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EU F-Gas 
Regulation 

1) Reporting obligations for F-Gases as SF6 (ANNEX II and III)

2) Prohibition of switchgear with F-Gases with GWP > 10 (ANNEX IV)

➢ Up to 24 kV: From January 1st, 2026

➢ 24 to 52 kV: From January 1st, 2030

➢ 52 to 145 kV: From January 1st, 2028

➢ Above 145 kV: From January 1st, 2031 

Exceptions: 

Option a) If GWP below 10 is not available: 

➢ F-gases between GWP 10 and 2000 may be used

Option b) If GWP below 2000 is not available:

➢ F-Gases above GWP 2000 may be used

Proposal for legislation from 

05.04.2022 

COM(2022) 150 final

DG Climate lead 

… Siemens Energy Blue portfolio without F-gases 
and GWP = 0 fully complies with the EU Proposal 
and is not regulated

Prohibition of Switchgear with F-gases 
starting 2026

https://ec.europa.eu/clima/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_de
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Restrictions on Chemicals 
SF6 and PFAS* F-Gases are in restriction process globally

Risks of F-gases for health & safety Cost risks of F-gas regulations

• F-gas regulation (EU) | SF6 reporting (US) | CARB (California)

• REACH (EU) to improve the protection of human health and the 

environment from the risks that can be posed by chemicals.

• Beginning of 2020, five EU states (DK, SE, NO, DE, NL) started 

activities with the target to ban all PFAS within EU, unless it is 

considered as ‘essential’ for society

• Worldwide organizations will follow, e.g. Stockholm Convention -

UN; Environment Protection Agency (EPA) – US

• July 2021: EU Registry of restriction for PFAS

• July 2021: US Senate and House enacted PFAS Action Act

• SF6 is already restricted and phase-out is only a matter of time

• PFAS F-gases restriction has started
*per- and polyfluoroalkyl substances

• Toxic decomposition 

products arise in SF6 due 

to electric arcs and in F-

gas-mixes additionally 

during operation

• PFAS*: > 4,700 

chemicals that 

accumulate in humans 

and environment and are 

highly persistent and toxic 

(health impact; contami-

nation of water and soil).

breast cancer

increased time to 

pregnancy

development effects 

on unborn child

lower birth weight

increased 

miscarriage risk

Thyroid 

disease

increased 

blood pressure

high 

cholesterol

liver damage

kidney cancer

bowel disease

testicular 

cancer

early puberty 

onset
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Government of Canada: SF6 a variety of preventive control actions
PFAS, e.g. Flouronitrile: review policy developments in other jurisdictions

Source: https://www.canada.ca/en/environment-climate-change/services/management-toxic-substances/list-canadian-environmental-protection-act/sulphur-hexafluoride.html

Source: https://www.canada.ca/en/health-canada/services/chemical-substances/other-chemical-substances-interest/per-polyfluoroalkyl-substances.html

https://www.canada.ca/en/environment-climate-change/services/management-toxic-substances/list-canadian-environmental-protection-act/sulphur-hexafluoride.html
https://www.canada.ca/en/environment-climate-change/services/management-toxic-substances/list-canadian-environmental-protection-act/sulphur-hexafluoride.html
https://www.canada.ca/en/health-canada/services/chemical-substances/other-chemical-substances-interest/per-polyfluoroalkyl-substances.html
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Restrictions on Chemicals 
SF6 and PFAS* F-Gases are in restriction process globally

EU – Restriction for PFAS - 2025

*per- and polyfluoroalkyl substances

US – EPA action to address PFAS US – Main stops PFAS pollution 2023-30
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Regulations and legislations
-> Globally decarbonization started to become climate-neutral

Users

✓ EU Revision of F-gas regulation in response to the urgency for climate action in progress, for switchgears 

gradual bans of F-gases with GWP > 10 from 2026, see proposal from 05.04.2022 COM(2022) 150 finalGHG /

F-Gases
✓ California: Gradual ban on SF6 from 2025, F-gases with GWP > 1 are subject to reporting analogously SF6

Chemicals /

PFAS

✓ EU REACH: In order to improve the protection of human health and the environment, a ban on 

PFAS* has been initiated, unless there is an 'essential use', Registry of restriction

✓ AR6 report: Reduction of greenhouse gases to zero needed to mitigate climate change

-> Replacement  needed: SF6 GWP100 = 25.200,  Fluoronitril C4 GWP100 = 2750, GWP20 = 4580
IPCC 

08/2021

✓ The Environmental Protection Agency (EPA) in US established a PFAS* Council,

US state Maine placed a first PFAS ban from 01.01.2030

*Per- und polyfluoroalkyl Substances including F-Gases as Fluoronitrile C4FN and Fluoroketone C5FK used as alternative to SF6 in switchgears

REACH: Registration, Evaluation, Authorization and Restriction of Chemicals is a European Union regulation.

✓ Globally, grid operators own commitments to net zero and specifications for equipment with GWP < 1, 

NG in UK wants to buy no SF6 from 2026 and replace all equipment with SF6 by 2050

AR 6 report: 6th Assessment Report by the Intergovernmental Panel on Climate Change from the United Nations.

https://ec.europa.eu/clima/eu-action/fluorinated-greenhouse-gases/eu-legislation-control-f-gases_de
https://echa.europa.eu/de/registry-of-restriction-intentions/-/dislist/details/0b0236e18663449b
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_Full_Report.pdf
https://www.epa.gov/pfas/memo-epa-council-pfas
https://mainelegislature.org/legis/bills/getPDF.asp?paper=HP1113&item=5&snum=130
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Many TSO´s provide detailed sustainability reports that address SF6 
emissions
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Hydro One Sustainability Report 2020
SF6 is highest Scope 1 direct emission and is directly influenceable



© Siemens Energy 2021

18

October 31, 2022, Cigre Canada Workshop – Transition to Climate Neutral, Safe and Sustainable Power Grids

Hydro One Sustainability Report 2020
GHG reduction targets for SF6 : Replace and Elimate SF6

1.Replace leaking equipment

“Reduce SF6 gas releases 

and leaks by identifying and 

replacing equipment that 

contribute to leaks”

2.Eliminate SF6 usage

“Eliminate, whenever 

possible, the usage of SF6 in 

our equipment”
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Carbon Tax Price today up to US$ 140 / tCO2e
Example: 1 HV-GIS bay: 100kg banked SF6. Tax 2.520t CO2e x 130 US = US$ 327.600

Siemens decarbonization position paper: Siemens joined the Carbon Pricing Leadership Coalition of the World Bank (CPLC) in 2016 to advocate the introduction of carbon pricing globally.

Source: World Bank, 28. October 2021  https://carbonpricingdashboard.worldbank.org/map_data

https://assets.new.siemens.com/siemens/assets/public.1512723369.21e68773ba2787193cdd218729cd852f0d778f59.siemens-position-decarbonization-climate-change-2017.pdf
http://www.synapse-energy.com/project/synapse-carbon-dioxide-price-forecast
https://carbonpricingdashboard.worldbank.org/map_data
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SF6 is the most harmful greenhouse gas with a GWP
25,200 times higher than CO2

It represents the heat 

absorption effect of any GHG 

relative to CO2, 

which has a GWP of 1

What is global warming

potential (GWP)?

SF6 installations

10,000 tons of SF6 are installed

globally every year. This gas 

has a GWP of 25,200

18,800,000,000 trees

are needed to absorb 

the impact of the yearly 

installations

It takes 3,200 years 

for nature to absorb SF6

SF6 leakage

An estimated leakage rate of 

0.46%1 results in an 

annual amount of 46 tons

86,480,000 trees

are needed to absorb the 

impact of the yearly 

leakage of SF6

Again, it takes 3,200 years

for this gas to be absorbed

~ 28 million

soccer fields

~ 128,000 

soccer fields

1 Source MDPI: Evaluation of SF6 Leakage from Gas Insulated Equipment on Electricity Networks in Great Britain, August 2018
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Fluoronitrile-mix1

10,000 tons of Fluoronitrile-mix 

are installed annually, with 

leakage2 of 50 tons and a 

GWP of around 500

It takes 30 years 

for nature to absorb 

Fluoronitrile-mix

~ 476,000 soccer fields

Vacuum and clean air

This is the most environmentally

friendly switching technology 

in the world with a GWP of 0

0 trees needed

No greenhouse gases

No impact on health 

or environment

The leakage rate of 

clean air is 0.1% and it 

is naturally absorbed by the 

surrounding air

0 soccer fields

At the moment, a GWP of Zero can only be achieved by clean air and vacuum technology

1 Besides vacuum and clean air, Fluoronitrile-mix (GE&ABB) is the most common SF6 alternative
2 Leakage rate of Fluoronitrile-mix is typically 0.5%

321,600,000 trees are 

needed to absorb the 

impact of the yearly 

installation and 

leakage

Less harmful F-gas mixes are not a sustainable alternative since
carbon neutrality can only be achieved with a GWP of Zero
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1 Per- and polyfluoroalkyl substances
2 The European Commission bans using F-gases with a GWP >10 in switchgear
3 DK, SE, NO, DE, NL

Health and safety risks of F-gases Cost risks of SF6 / F-gas regulations

• F-gas regulation (EU)2

• SF6 ban CARB (California) / PFAS ban DEP (Maine)

• REACH (EU) helps protect human health and the 

environment from risks associated with hazardous 

chemicals, such as PFAS. In 2020, five EU states3 started 

working on a proposal with the goal of banning all 'non-

essential' PFAS within the EU

• Worldwide institutions will follow, e.g. Stockholm Convention 

(UN) and Environment Protection Agency (EPA) (US)

• SF6 is already restricted and complete phase-out is more than probable

• F-gases are under investigation and restriction as well as a ban is possible

• Clean air does not need any regulation now or in the future

• SF6 and fluoronitrile F-gas mixes produce toxic 

decomposition products during electric arcs and operation

• Floronitrile belongs to the PFAS1 group:

more than 4,700 chemicals which accumulate in both 

humans and the environment, and which are highly 

persistent and toxic (negative health impact; 

contamination of water and soil).

Phasing out SF6 and other F-gas mixes is inevitable – clean air is the 
only future-proof option
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Until now, switchgear technology has typically used F-gases...

In particular, 

SF6 gas. 

But whenever 

technically possible, 

we must stop using 

these gases.

Because SF6 is 25,200 

times more climate-hostile 

than CO2, and stays in the 

atmosphere for over 3,000 

years.

To compensate for the 

annual global installations of 

SF6 would take almost 19 

billion trees.

Straightforward way to 

achieve carbon 

neutrality and Zero 

toxicity is by using clean 

air.

That’s not 

sustainable. And 

other F-gases 

neither.

That's why 

our Blue 

portfolio uses 

clean air and 

vacuum switching 

technology.

Zero harmful gases.

And Zero contribution 

to climate change.
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+N2 + O2 = pure air

Zero CO2 emissions

Zero toxicity

Zero hazard

Zero liquefaction 

at low temperatures

Clean air Vacuum technology

Zero CO2 emissions

Hermetical tightness to protect

from decomposition products

High switching performance 

without degradation

Zero maintenance (sealed for life)

The Blue portfolio is based on game-changing technology:
vacuum switching and clean air insulation
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Non-SF6 Solutions
Alternate Gases – What’s in Market

(CF3) 2 CFC(O)CF3

C5 - Fluoroketone

(CF3) 2 CFCN

Fluoronitrile

N2 + O2

Clean AirSulfur Hexafluoride

SF6

CO2,    O2CO2 and 

sometimes O2

--Pure or mixed with      

N2, CF4

Carrier gas:
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Product-evaluation criteria: 
Operating temperature range

Vacuum / clean air technology can be operated in a wide 

temperature range and is especially suitable for very low 

temperature applications

criteria

From -60 °C to + 55 °C

From -40 °C to + 55 °C

From -30 °C .. -25 °C to + 55 °C

Vacuum /

clean air

SF6

Sulfur-

Hexafluoride

CO2-F-Mix

Fluoronitrile

From +0 °C to + 55 °CCO2-F-Mix

C5 

Fluoroketone
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Product-evaluation criteria: 
Environmental impact
GWP (Global Warming Potential) in CO2-equivalent

Vacuum / clean air – due to it‘s zero GWP – is the most 

environment-friendly switching technology of the world 

criteria

GWP = 0

GWP  ~ 25,200

GWP ~ 500

Vacuum /

clean air

SF6

Sulfur-

Hexafluoride

CO2-F-Mix

Fluoronitrile

Note: Fluor-Ketone gas mixture not considered due to its inability to withstand temperatures below +5°C 



© Siemens Energy 2021

29

October 31, 2022, Cigre Canada Workshop – Transition to Climate Neutral, Safe and Sustainable Power Grids

Product-evaluation criteria:
Health & safety
Gas decomposition products, gas leakage, long-term gas behavior

Vacuum / clean air is non-toxic, non-hazardous and does not 

require special safety systems like ventilation or CO-monitoring

criteria

• Vacuum: no decomposition products ; sealed for life

• Clean air: no arc-quenching in air; no decomposition products

gas leakage < 0.1% p.a./compartment

• Toxic decomposition products

• Hazardous when inhaled, causes skin & eye irritation

• Gas leakage < 0.1% p.a./compartment

• PFAS - Toxic decomposition products (details unknown)

• Hazardous (details unknown)

• Gas leakage < 0.5% p.a./compartment (details unknown)

Vacuum /

clean air

SF6

Sulfur-

Hexafluoride

CO2-F-Mix

Fluoronitrile

Note: Fluor-Ketone gas mixture not considered due to its inability to withstand temperatures below +5°C 
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Product-evaluation criteria: 
Switching performance

Vacuum circuit-breaker offers highest short-circuit switching 

capability without degradation and is maintenance-free

criteria

• Vacuum CB can switch up to 30 times 40 kA currents

• No degradation of short-circuit switching performance

• Vacuum interrupter: sealed for life; maintenance-free

• SF6 CB can switch up to 10 times 40 kA currents

• Long term stability (SF6 gas recombines)

• Known additional gas-maintenance efforts 

• CO2-F-mix switching performance decreasing

• Does not recombine completely after arcing

• Additional maintenance efforts required

Vacuum /

clean air

SF6

Sulfur-

Hexafluoride

CO2-F-Mix

Fluoronitrile

Note: Fluor-Ketone gas mixture not considered due to its inability to withstand temperatures below +5°C 
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Properties of SF6 and alternative gases
Clean Air is most sustainable & safe

-40o (with CF4) … -25o <-100o

-4,7o
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Clean air insulation technology 
Values for operators and society

Clean air is a composition of 80% N2 and 20% O2, cleaned and free from humidity (synthetic air)

Global Warming Potential (GWP) = 0 

Low boiling point and low-temperature application

Non-toxic

High stability

Not inflammable

Ozone Depletion Potential (ODP) = 0

F-gas free insulation with lowest requirements on transport, installation, operation, reporting and recycling

C-gas free with no risk of C-decomposition in insulation and switching compartments

Clean air insulation with well-known and proven material compatibilities

No special gas-mixture gas cart

No special gas training

No EHS investment cost

Easy availability of insulating gas

No gas recycling cost

No F-gas reporting cost

Secure invest with no unknown follow-up cost from F-gas regulation



© Siemens Energy 2021

33

October 31, 2022, Cigre Canada Workshop – Transition to Climate Neutral, Safe and Sustainable Power Grids

GIS Clean Air gas handling

Evacuating:

Evacuation of a Clean Air vessels to lower the pressure in a controlled manner down to 1bar abs. Then the gas compartment can be

opened.

We do not store or re-use Clean Air. Evacuation of ambient air before filling with Clean Air is done with a vacuum pump.

Leakage detection:

Leakage detection after installation is done with Helium, like we do it during routine testing of enclosures in the factory.

Leakage detection after installation at a specific module can be done with commercially available leakage spray (quick method).

Leakage detection by measuring CO2 absence (cumulative and quantitative measurement).

Filling:

Filling will be done directly from the Clean Air bottles with the filling device which is (as always) part of delivery of

a new project.

Measuring:

After final filling, the moisture content is to be measured (dew point -10°C).

Gas handling after internal arc:

The main decomposition products are Ozone and NOx. Ozone (O3) is recombining to O2 within 1-2h. NOx are slowly disappearing. 

Partly it will be neutralized by the filter GIS material. Switchgear room needs to be vented.

If the short-circuit-current was so small that the bursting disc did not operate, the gas room shall be evacuated through a filter. 

Behind the filter there are no more decomposition products. Filters are the same as for SF6.
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2017:   

Start of series 

production of 

3AV1FG 145 kV 

blue circuit breaker 

with vacuum 

interruption and 

spring drive

arc interruption in vacuum!

2010: Pilot installation of 

first vacuum breaker 

prototypes 3AV 72.5 kV 

with spring drive

LET’S MAKE 

TOMORROW 

DIFFERENT 

TODAY!

Quantum leaps in history of high-voltage circuit breakers

1897:  This CB was designed in the US, 

consisting of two barrels, originally filled with 

cucumbers, now filled with oil, each with a fixed 

and a moving contact with ropes forming the 

breaker

1910: 3-pole oil breaker 

R40, up to 40 kV, manual 

drive. Start of CB manu-

facturing in Berlin, Germany 

arc interruption in oil

1972: LT breaker 3AS2, 

220 kV, hydraulic drive

1964: Delivery of the first 

SF6 dual pressure breaker 

for 220 kV (H 904, 1 pole)

1973:   

Development

of the 

patented

self-

compression

principle

arc interruption in SF6to... to...from

19731964 1972 2010 201719101897
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Blue Circuit Switcher 72.5 / 145 kV , 40 kA , 3150A

Feststehende Anschlussbolzen

Isolations-Keramik

Feststehender Kontakt

Beweglicher Kontakt

Dampf- und Steuerschirm

Metallfaltenbalg

Führung (Lager)

Beweglicher Anschlussbolzen

1

2

3

4

5

6

7

8

1

2

3

4
5

6

7

8

3AV1_VacuumCB-animation_EN_final.mp4
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Siemens Energy is a trademark licensed by Siemens AG.

Vacuum interrupter technology - customer value

▪ High reliability 

due to the hermetically tight vacuum interrupter, 

eliminating any influence of decomposition products 

▪ High performance 

Perfect for frequent switching applications: high number of short-circuit interruptions 

with excellent interrupting performance at rated nominal current and rated short-circuit 

currents throughout life-time of the vacuum circuit-breaker

▪ Perfect for low temperature 

No liquefaction of switching medium 

▪ No maintenance 

Maintenance-free due to sealed for life technology; no spare part costs

▪ No CO2e emissions 

Switching media (vacuum) with GWP=0; 

no CO2e emissions during operation, maintenance or recycling

For more than 40 years successful operational experience in medium-voltage, since 2010 in 

high-voltage
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Vacuum Switching Technology 
Vacuum Interrupters for 145 kV and 100 kA in operation

Highlights

• Extreme high reliability

• High manufacturing experience with more than 5 million units installed in 

different applications throughout the world

• Specific developments for OEM customers

• Large VI range for a variety of applications

• More than 1 Mio Vacuum Circuit-Breakers installed worldwide

Application in:

• Medium- and low-voltage switching devices

• Medium-voltage circuit breakers and contactors

• HV GIS and circuit breakers

100 kA 145 kV
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Siemens vacuum interrupters
Advantages of vacuum switching for high breaking currents [kA]

SF6 

Oil

Vacuum

Breaking current [kA]

10080604020

0

400

800

1200

1600

2000
Arc energy

[kWs]

0

T

0

= dtiuW * *

Vacuum circuit breakers

• Low arc voltage

• Low arc length

• Short arc time

• Low arc energy

Endurance - Arc energy
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145 kV

40 kA

3150 A

Type-tested 2017

The Vacuum-Interrupter > 145 kV and > 40 kA is a 

combination of type-tested 50 kA / 3150 A contact 

systems and type-tested 145 kV insulation parts.

15 kV

50 kA

3150 A

Type-tested 2001

24 kV

100 kA

4000 A

Type-tested 2015

245 kV

63 kA

4000 A

Vacuum Interrupters for 145 kV & 100 kA type-tested & in operation
170 kV and 245 kV up to 63 kA based on proven design elements
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Production of vacuum interrupters

The brazing furnace ensures that its 

complete volume is evacuated and the 

vacuum interrupters are exposed to a 

pre-defined temperature profile.

Depending on loading, one cycle can 

require up to 20 hours.

The fully automatic system guarantees 

the vacuum interrupters to be 

“sealed for life”.

One-shot brazing technology under 

clean room conditions
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Production of vacuum interrupters

With help of x-ray based testing, 

positions and completeness of internal 

parts as well as brazed joints can be 

exactly ascertained.

This intermediate inspection grants for 

continuously high quality and longevity.

X-ray based quality inspection
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Siemens Energy is a trademark licensed by Siemens AG.

Vacuum interrupter - development of product/production technology

1‘0

2‘0

3‘0

1970 1980 1990 2000

million

pieces

2010

one-shot brazing technologymany-fold pumping technology

1971 

First serial manufacturing

of vacuum interrupters for 

contactors.

• More than 40 years of operational experience in the   

field  of medium voltage applications

• More than 5.5 million vacuum interrupters delivered

2020

4‘0

5‘0

2010

Introduction 

of prototypes 

for 72.5 kV 

2016

Introduction of 145 kV  

portfolio with 

vacuum interrupter 

for up to 72.5 kV 

and up to 145 kV 

High-

Voltage 

goes 

Vacuum!
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Siemens Energy is a trademark licensed by Siemens AG.

Summary Comparison of switching and insulation technology
-> Blue products set the HSE and operational performance standard

Operational 

performance

Switching short-circuit current  

Switching rated current  

Degradation of switching media 

Long term stability   uncertain

Gas tightness  

F

F

F

F
F

F

S

SF6 F-Gas-MixVacuum    + Clean-Air

Health, Safety & 

Environment

Gas handling 

Decomposition products 

Toxicity  *
GWP 

Maintenance Maintenance of interrupter unit 

Reporting / Regulation Current and future proof 

 Outstanding performance Good performance Average performance Performance below average

* Per- und polyfluoroalkyl substances as e.g. Fluoronitrile C4-FK & Fluoroketone C5-FN with potential health risks if dissolved in water: EU registry of restriction and first ban in Maine, US  beginning 2030
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T&D equipment manufacturers committed to ZERO F-gases
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Siemens Energy
Blue high-voltage products
Innovation roadmap
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Up to 145 kV

Blue GIS™
• 145 kV

• World’s first 145 kV GIS 

switchgear with vacuum CB 

and clean air insulation

• Optimized footprint 

by using LPIT1

Blue Circuit Breaker™

Dead Tank
• 145 kV

• World’s first 145 kV DT

vacuum CB with clean 

air insulation

• Same footprint as 

SF6 product

Blue Circuit Breaker™

Live Tank
• 72.5 kV and 145 kV

• World's first LT CB with 

vacuum interrupter 

and clean air insulation

Wind Tower Blue GIS™
• 72.5 kV

• switchgear for

application in wind 

turbines, with vacuum CB 

and clean air Insulation

• Optimized for its special 

application

Higher voltages (available)

Blue Instrument 

Transformer™
• up to 420 kV

• World’s first 420 kV transformer

with clean air insulation

• Same footprint as 

SF6 product

Blue Clean Air 

GIB™

• 420 kV

• 245 – 400 kV = combined 

solution GIS + Blue GIB 

(30 – 65% less SF6)

The Blue portfolio comprises individual products & solutions,
supporting our clients on their way to Zero

1 Low Power Instrument Transformer
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Siemens Energy Blue has a clear Zero-compromise philosophy

Zero F-gases

Blue products contain Zero SF₆ or 

other F-gases and are thus out of 

scope of any kind of F-gas regulation

Zero global 

warming potential

Blue products contain only clean air, 

and thus produce Zero greenhouse 

gases

Vacuum technology

Vacuum interrupters offer the highest 

short-circuit switching capability without 

degradation (up to 30 times 40kA 

currents) and freedom from 

maintenance (they are “sealed for life”)

Virtually Zero

maintenance

With only air to deal with during

servicing, maintenance is made much

easier and more cost-efficient.

Moreover, Zero accounting and

reporting is necessary and end of life 

disposal is simple

Zero-harm materials

All materials and substances used are

environmentally-friendly and meet all

health and safety standards (i.e.

REACH, RoHS in Europe). A material

impact analysis is an integral part of

the design thinking approach

Long-lasting design

The operational lifetime of Blue 

products is expected to be more than 

40 years - saving natural resources

Zero waste

Recycling capability and defined return

schemes make Blue products perfect

examples of the circular economy

Sustainability

leader

Blue products gain high public 

and market acceptance due to 

green-house gas-free operation, 

low maintenance and simple end 

of life treatment

CO2
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Low  Power Instrument Transformer

The new Instrument Transformer Technology reduces

the Blue GIS footprint

Advantages of

Low Power Instrument Transformers 

compared to 

conventional Instrument Transformers:

• Enabler for digitalization of current 

and voltage signals

• One standardized multi-purpose 

device covering all current ratings

• Improved measurement 

performance

• Conversion of voltage and current 

signals into sample measure values 

according to IEC 61850

Savings:

• GIS dimensions, weight and gas 

quantity

LPIT

Conventional vs. LPIT

Example 8VN1

Clean-air GIS 145 kV

1. Combined electronic voltage and current sensor according to IEC 

2. Redundant: two current sensors and one voltage sensor in each bay

Weight Bay length

GIS bushing with integrated sensors
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Gas-insulated switchgear

• Installation of 3 bays of the 8VN1 

Blue GIS™ for 145 kV

• Vacuum interrupter technology

• Clean air insulation technology

Low-power instrument transformers

• GIS includes low-power instrument 

transformers (LPIT) 

to ensure a compact design

• Customer: BKK Nett, Norway

• Modernization of a 145 kV Koengen

substation in Bergen – Norway's 

largest cruise port

• Operation requires no SF6 or any 

other greenhouse gas

• Year of order: 2018

• Energization: 2020

Key facts

The world's first SF6-free gas-insulated 
switchgear with clean air and vacuum technology
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Source: https://assets.siemens-energy.com/siemens/assets/api/uuid:ce31f501-4351-4511-8c60-2715119fab88/sustainability-report-2020-siemens-energy.pdf

https://www.siemens-energy.com/global/en/offerings/power-transmission/innovation/blue-high-voltage-products.html
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Siemens Energy has more than 40 years experience in 
vacuum & air-insulation technology

2010 2017 20171976

First HV 

vacuum CB

Type: 3AV1FG 72.5 kV/ 

31.5 kA with vacuum 

interrupter

References: 6 units

First vacuum GIS with 

clean air 145 kV

Type: 8VN1 145 kV / 40 

kA with vacuum CB and

clean air-insulation

References: >350 bays 

First HV vacuum GIS 

with clean air 72.5 kV

Type: 8VM1 72.5 kV/ 

31.5 kA with vacuum CB 

& clean air-insulation

References: >1000 bays 

First HV GIS with 

air-insulation

Type: BISEP GIS

170 kV/ 50 kA with air-

puffer CB & air-insulation

References: 88 bays

First MV 

vacuum CB

References: 

> 6 million units

First HV vacuum CB 

with clean air 145 kV

Type: 3AV1FG 145 kV/

40 kA with vacuum 

interrupter & clean air-

insulation

References: >150 units

1970 2018
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3AV1 Blue Dead Tank CB up to 145 kV

Product characteristics

• Vacuum interrupter technology | Clean air insulation technology

• Weight of SF6 or other fluorinated greenhouse gases = 0 kg

• GWP Global Warming Potential = 0

• Expected product life-time > 50 years, first major inspection > 25 years

• No reporting or emission costs during operation and recycling, e.g. taxes or 

CO2e emission compensation (no SF6- or F-gases)

Technical features

• Proven reliable energy spring drive mechanism

• Rated voltages up to 145 kV, rated frequency 50 / 60 Hz

• Rated continuous current up to 3150 A, rated short-circuit breaking current 40 kA

• Chopped wave (2 μs) voltage 838 kV

• Capacitive switching class (overhead lines & cables) C2

• Perfect for frequent breaking operations and extreme temperatures from -60 °C up to +55°C

• Leakage rate < 0.1% p.a.

Types / variants

• Three-pole operation (FG)

• Composite insulators

Type tests

• Planned for 2021 (IEEE / IEC 62271-100)

URL

https://new.siemens.com/global/en/products/energy/ecotransparency.html
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JXN USA News!
Manufacturing of World’s 1st Clean Air Vacuum Breaker
3AV1DT 123 kV, 40 kA, 3150A

Product Showcased @ JXN Factory
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Siemens Energy’s
8VM1 Blue 72.5 kV GIS® 

Compact GIS solution designed for on- & 

offshore wind turbine installations based on 

proven component technology. 

8VM1 Blue GIS® is designed using a well-

proven modular platform concept based on 

decades of manufacturing and operating 

experience. This successful concept has been 

implemented in our new generation of HV GIS. 

Siemens Energy’s vacuum interrupter and 

clean air technology realizes the F-gas-free 

insulation and supports the demand for fully 

environmentally compatible wind power 

generation.
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Siemens Energy’s
8VM1 Blue GIS®

Main features

• World’s leading environment-friendly and 

future-proof technology free of F-gases

• Innovative clean air insulation medium 

significantly reduces carbon footprint

• Proven vacuum interrupter technology

• Compact GIS solution designed for wind 

turbine installations

• Completely factory assembled, tested and 

shipped in single transport unit

• Safe and easy handling

• High operational safety

• Low operational costs throughout the entire 

life cycle

Typical switchgear configuration in offshore wind turbine installations

MM

HV Transformer 

cable

HV Array cable HV Array cable

VDSVDS

VDS
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8VN1 Blue GIS® up to 145 kV

Product characteristics

• Vacuum interrupter technology | Clean air insulation technology

• Weight of SF6 or other fluorinated greenhouse gases = 0 kg

• GWP Global Warming Potential = 0

• Expected product life-time > 50 years | first major inspection > 25 years

• No reporting or emission costs during operation and recycling, e.g. taxes or 

CO2e emission compensation (no SF6- or F-gases)

Technical features

• Rated voltage up to 145 kV, rated frequency 50/60 Hz

• Rated short-circuit breaking current up to 40 kA

• Ambient temperature range -50 ºC up to +55 ºC

• Stored-energy spring type driving mechanism of circuit-breaker

• Seismic withstand capability 1.0 g

• Leakage rate per year and gas compartment (type-tested) < 0.1%

• Equipped with new Sensgear® technology →

Types / variants

• Indoor & outdoor installation

• Optional with Low Power Instrument Transformer (LPIT) for reduced bay size / weight

Type tested

• Acc. to IEC / IEEE

pdf

URL

https://assets.siemens-energy.com/siemens/assets/api/uuid:88b8980d2612f7ce7ae03890c8511256fd8642cd/emhp-b10016-01-7600-8vn1-blue-gis.pdf
https://www.siemens-energy.com/global/en/offerings/power-transmission/transmission-products/sensgeartm.html
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145 kV Blue GIS™ solution

Clean Air insulation instead of SF6

Power switching with single break vacuum CB

Technical features

• Rated short-circuit breaking current up to 40 kA

• Ambient temperature range -50 ºC up to +55 ºC

• Type tested seismic withstand capability 1.0 g

• Leakage rate per year and gas compartment (type-tested) < 0.1%

• Indoor & outdoor installation

• Equipped with new Sensgear™ technology

Types / variants

• Optional with Low Power Instrument Transformer (LPIT)

for reduced bay size / weight
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Gas-insulated switchgear 8VN1 Blue GIS™ up to 145 kV / 40 kA
H-arrangement

M

M

M

M

M

M

M

M

M

M

M

M

M

M

13 m

3
.3

 m
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Low  Power Instrument Transformer

The new Instrument Transformer Technology reduces

the Blue GIS footprint

Advantages of

Low Power Instrument Transformers 

compared to 

conventional Instrument Transformers:

• Enabler for digitalization of current 

and voltage signals

• One standardized multi-purpose 

device covering all current ratings

• Improved measurement 

performance

• Conversion of voltage and current 

signals into sample measure values 

according to IEC 61850

Savings:

• GIS dimensions, weight and gas 

quantity

LPIT

Conventional vs. LPIT

Example 8VN1

Clean-air GIS 145 kV

1. Combined electronic voltage and current sensor according to IEC 

2. Redundant: two current sensors and one voltage sensor in each bay

Weight Bay length

GIS bushing with integrated sensors
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Footprint Blue GIS
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- Blue GIS footprint < 120% of the current SF6 GIS

- Existing 145kV GIS (up to year 1999) can be replaced by Blue 

GIS within the given footprint

Clean Air is  prerequisite for 

emission-free (GWP  = 0) and 

pollution-free (non-toxic, F-Gas-

Free) power grids.

To ensure dielectric performance, 

the size and pressure needs to be 

increased slightly.

LPIT (Low-Power Instrument 

Transformer) in GIS is a counter-

measure to reduce the footprint , 

enabling digitalization of current 

and voltage signals.

Blue Footprint

145 kV GIS

1st SF6 GIS Current SF6 GIS

Leakage rate per year in %

Bay W x H x D in m

Bay weight in t

Gas amount in kg

Banked GWP in t CO2-eq.

1

2.4 x 3.7 x 5.0

12

230

5,405

0.1

0.8 x 2.5 x 4.1

4.5

85

2,000

0.1

1.0 + 2.9 x 3.7

4.7

32

0

1st Blue GIS

Reduction:

SF6-Vol  - 60 %

Weight  - 60 %

Footprint: - 80 %
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8VQ3 Blue Clean Air GIB™ 420 kV

Product characteristics

• Clean air insulation technology

• Weight of SF6 or other fluorinated greenhouse gases = 0 kg

• Global warming potential = 0

• Expected product lifetime > 50 years | first major inspection > 25 years

• No reporting or emission costs during operation and recycling, e.g. taxes or 

CO2 emission compensation (no SF6 or F-gases)

Technical features

• Rated voltage up to 420 kV

• Rated frequency 50/60 Hz

• Rated short-circuit breaking current up to 63 kA

• Rated continuous current up 5000 A

• Ambient temperature range -50°C to + 55°C

• Leakage rate per year and gas compartment (type-tested) < 0.1%

Types / variants

• Indoor and outdoor installation

Type tested

• Acc. to IEC / IEEE

https://www.siemens-energy.com/global/en/offerings/power-transmission/innovation/blue-high-voltage-products.html
https://www.siemens-energy.com/global/en/offerings/power-transmission/innovation/blue-high-voltage-products.html
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Blue Instrument Transformer® up to 420 kV

Product characteristics

• Clean air insulation technology: Climate neutral, safe, reliable

• 50 years of experience with > 40.000 gas-insulated instrument transformers delivered

• Utilizing the proven SF6 instrument transformer designs (current and voltage measurement 

characteristics identical with SF6 insulated design)

Technical features

• Perfect for low temperature application -50 °C and below

• No special gas handling equipment needed; no gas handling during lifetime required

• No reporting or emission costs during operation and recycling, e.g. taxes or 

CO2e emission compensation (no SF6- or F-gases)

• Equipped with new Sensgear® technology →

Types / variants

• Available for air-insulated substations (current transformer, voltage transformer, combined 

instrument transformer) and gas-insulated substations (current transformer, voltage transformer)

Type tested

• Completely type-tested according to latest international standards

URL

URL

https://www.trench-group.com/products/blue-instrument-transformers/
https://www.siemens-energy.com/global/en/offerings/power-transmission/transmission-products/sensgeartm.html
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Blue Station Service Voltage Transformer®

up to 420 kV and 167 kVA

Product characteristics

• 50 years of experience with > 40.000 gas-insulated instrument transformers delivered

• Utilizing the proven SF6 power voltage transformer designs (voltage and power ratings identical 

with SF6 insulated design)

Technical features

• Continuous output power up to 167 kVA

• Available secondary voltage from 100 V – 1000 V

• Perfect for low temperature applications of -50 °C and below

• No special gas handling equipment needed; no gas handling during lifetime required 

• No reporting or emission costs during operation and recycling, e.g. taxes or CO2e emission 

compensation (no SF6 - or F-gases)

Types / variants

• Available for air insulated substations

• Voltage levels in accordance with international standards

• Output power classes 25 kVA, 50 kVA, 100 kVA, 125 kVA and 167 kVA

Type tested

• Completely type-tested according to latest international standards

URL

https://www.trench-group.com/products/power-voltage-transformers/
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Global project references for more than 2500 units 
More than 700 units in operation

72.5 kV 

Blue Circuit Breakers, LT
6 in operation in EU  since 2010

2 in operation in USA  since 2020

72.5 kV 

Blue GIS Wind
>1000 ordered for GBR, USA, 

NDL, TAI, DEN, CHN, FRA

>200 in operation

145 kV Blue 

Circuit Breakers, LT
>150 ordered for GER, POL, 

NOR, SWE, DEN, KAZ, USA, 

CHE, GBR, ROU…

Thereof >100 in operation, 

72.5 &123 kV 

Blue Circuit Breakers, DT
>20 ordered for USA, Delivery in 2021-

2023

145 kV Blue GIS
>350 ordered in NOR, USA, 

GER, SPA, DEN, NDL

> 25 in operation

145 & 245 & 420 kV Blue 

Instrument Transformers
>400 ordered in US, NOR, SWE, 

GER

> 250 in operation

420 kV Blue GIB, extensions, bushings
>5000 m single-phase ordered in GER,

600 m delivered GBR

2,500,000 tons of

CO2 equivalent
Blue projects prevent the

installation of 2,500,000 tons of

additional greenhouse gas on 

electrical grids



© Siemens Energy 2021

66

October 31, 2022, Cigre Canada Workshop – Transition to Climate Neutral, Safe and Sustainable Power Grids

Agenda

1
Short Introduction

2
UN Sustainable Development Goals, grid operator’s actions 

Greenhouse gas free & F-gas free grids, Regulations

3
Greenhouse gas free (SF6- free, F-gas-free) Technology, 

Blue Portfolio, References

4
Way forward:

Roadmap - Products and Regulations

Specification and Evaluation Criteria

5
Questions and Discussion
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Roadmap from Zero to Zero: Offering a fully F-gas-free, 
climate-neutral Blue portfolio by 2030

Instrument 

transformer

Gas-insulated 

switchgear

Live tank 

circuit breaker

Dead tank 

circuit breaker

available

245 kV

550 kV245 kV420 kV
CB

362 kV

420 kV 550 kV

550 kV

420 kV
back parts

420 kV
GIB

145 kV

72.5 kV

145 kV

145 kV

145 kV72.5 kV

245 kV 420 kV

2017 today

end

2024

end

2026

end

2028

end

2030

72.5 kV

245 kV

145 kV

72.5 kV

GIB gas-insulated busducts

back 

parts

disconnector, earthing switch, 

voltage transformer, busbar…

CB circuit breaker all dates / milestones shown as production readiness

Status: August 2022
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Blue product
evaluation
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Customer product evaluation criteria for switchgear products

Environmental 

impact

Health & safety Performance Gas handling 

& costs

Manufacturer 

competence
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Three isolation mediums: a comparison

Vacuum / clean air

N2 and O2 (80% / 20%)

SF6 sulfur hexafluoride

SF6

CO2-F mix fluoronitrile1

(CF3)2CFCN

1 Fluor-ketone gas mix is not considered due to its inability to withstand temperatures below 5°C
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Vacuum / clean air

Zero greenhouse gas

GWP = 0

(Immediately absorbed)

Criteria 1: Environmental impact

SF6 sulfur hexafluoride

Greenhouse gas

GWP ~ 25,200

(Lifetime 3,200 years)

CO2-F mix fluoronitrile

Greenhouse gases

GWP ~ 500

(Lifetime 30 years)

Vacuum / clean air is the most environmentally friendly switching technology in the world
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Criteria 2: Health & safety

Vacuum / clean air

Vacuum: Zero decomposition products; 

sealed for life

Clean air: non-toxic decomposition 

products, non-hazardous

Gas leakage < 0.1% p.a./compartment

SF6 sulfur hexafluoride

Toxic decomposition products

Hazardous when inhaled, causes skin 

and eye irritation

Gas leakage < 0.1% p.a./compartment

CO2-F mix fluoronitrile

Toxic decomposition products 

(details unknown)

Hazardous (details unknown)

Gas leakage < 0.5% p.a./compartment 

(details unknown)

Vacuum / clean air is non-toxic, non-hazardous and does not require special safety systems 

such as ventilation or CO2-monitoring
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Vacuum / clean air offers the highest short-circuit switching capability without degradation and can be

operated in a wide temperature range, being especially suitable for very low temperature applications

Criteria 3: Performance

Vacuum / clean air

Vacuum circuit breaker can switch up 
to 30 times 40 kA currents

Zero degradation of short-circuit 
switching performance

From -60 °C to +55 °C

SF6 sulfur hexafluoride

SF6 CB can switch up to 10 times
40 kA currents

Long term stability 
(SF6 gas recombines) 

From -40 °C to +55 °C

CO2-F mix fluoronitrile

CO2-F mix shows decreasing 
switching performance 

Does not recombine completely
after arcing

From -25 °C to +55 °C
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Vacuum / clean air is maintenance- and regulation-free and requires no special EOL treatment.

Overall it has the lowest lifecycle costs

Criteria 4: Gas handling & costs

Vacuum / clean air

Vacuum interrupter is sealed for life > 

Zero maintenance

No special tools, training, ventilation 

or reporting

No recycling or special EOL 

treatment necessary

Lowest lifecycle costs

SF6 sulfur hexafluoride

Additional gas maintenance

Special tools, training,

ventilation and reporting

Can be cleaned and re-used 

(extra effort)

Higher lifecycle costs

CO2-F mix fluoronitrile

unknown

Special tools, training, 

ventilation and reporting

No recycling option, disposal can 

cause extra CO2

Higher lifecycle costs
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Criteria 5: Manufacturer competence

First HV vacuum 

CB with clean air 

72.5 kV

First HV vacuum

GIS with clean air

145 kV

First HV vacuum 

GIS with clean air 

72.5 kV

First HV GIS 

with air insulation

170 kV

First MV vacuum 

CB 

First HV vacuum 

CB with clean air 

145 kV

Design & 

engineering
Manufacturing Test lab Supply

Installation, 

testing, 

commissioning

Training & 

after sales

Siemens Energy has over 50 years of experience in switchgear with global production of 400,000+ GIS bays and

145,000+ CBs as well as more than 40 years of experience in vacuum and air insulation technology

2010 2017 20171970 20181976
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Customer product evaluation criteria for switchgear products

Environmental 

impact

Health & safety Performance Gas handling 

& costs

Manufacturer 

competence

Zero greenhouse gases 

and Zero global 

warming potential

Zero toxicity 

and Zero hazard

Highest switching

capability with Zero 

degradation and a wide 

temperature range 

(down to lowest 

temperatures)

Zero maintenance 

vacuum technology.

Zero training, reporting, 

or special EOL 

treatment needed.

Lowest lifecycle costs

Rich experience:

> 50 years in 

switchgear,

> 40 years in vacuum 

and air insulation
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• Company Sustainability Goals

• GWP insulating gas

• HSE aspects insulating gas, 

toxic-free

• F-gas free, PFAS-free

• EPD (ISO 14021)

Evaluation criteria including sustainability indices are being 
developed by customers: Example GIS with alternative gases

• Operational temperature range

• Gas Leakage Rate

• SC switching capability

• CB technology & performance

• Digitalization technology

• Gas handling / Special equipment

• Availability of insulation gas

• Inspection / Revision intervals

• Special Training of own stuff 

• Reporting efforts (F-gas, CO2 )

Technical CriteriaHSE Criteria

SUSTAINABILITY

Complete Tender Evaluation 

++

Operation & Maintenance Commercial Criteria

• Equipment price

• Transport, Installation & Commission

• Taxes, fees

• End of life, recycling

• Warranty, Liability, 

other commercial T&C´s

INVESTMENTTECHNOLOGY

+

OPERATION
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Evaluation criteria based on TCO including sustainability 
criteria helping customers to support UN Global Goals 

Target 12.7: 

Promote sustainable 

public procurement 

practices

Possible Tender Evaluation Criteria:

Equipment Price & Commercial Conditions

Technical Criteria

Sustainability Criteria

Technical (General)

Physical footprint (dimensions)

3ph switching capability > 12 times 40kA

Leakage rate <0,1%

Building ventilation required

Technical (Operation & Maintenance)

Special gas processing equipment required

Availability of insulating gas (no of suppliers)

Gas handling / contamination tests / precaution measures

Ease of degassing and gassing

Training and reporting efforts

GWP Insulating Gas:

> 1 - 1000

> 0,1 - 1

< 0,1

HSE Aspects

No F- gas used / No environmental risks (water/soil) due to PFAS

Not Harmful to health/ no toxicity classification

Non-Hazardous or non-toxic decompensation products

Finalized HSE regulation assessment /hazard analysis

EPD, Diversity & Wages & LTIF-Rate

Environmental Product Declaration available (yes/no)

Target of diversity/inclusion goals and fulfilment

Paying wages > labour agreement

LTIF Rate < 0,3% (TRIR)

Siemens Energy 
Strategic CSR targets
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Examples for customer tender evaluations, in addition to TCO 
technical aspects and sustainability become more important

APG / Austria TransnetBW / Germany Elia / Belgium

Therwil / Switzerland
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Grid operators started to specify T&D equipment with GWP < 1

Tennet / Germany & Netherland Elia / Belgium

TransnetBW / Germany

Reach carbon neutrality in system operation by 2040

Share of SF6-free solutions in new assets 50% by 2030
Railway DE / CH / AT:    GWP <=1
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Summary and Conclusion
How to specify for a sustainable power grid

1. Specification: Usual technical specification, plus sustainability goals, 

e.g. GHG free or with a GWP of Zero or <1

2. Evaluation criteria according your criteria, e.g. reliability, installations, technical 

performance, sustainability, total cost of ownership

3. Financial evaluation: Total cost of ownership: Investment of products and 

buildings, installation, operation, maintenance, end of life, risk of stranded 

assets due to regulation



Unrestricted © Siemens Energy, 2022October 31, 2022, Cigre Canada Workshop – Transition to Climate Neutral, Safe and Sustainable Power Grids

> 2,500 units 
sold

> 700 units
already in operation

~ 2,500,000 tons

of CO2-equivalent saved

> 6,5 million hours
of commercial operation

Zero-harm energy transmission is already 
becoming a reality around the world

Status: June 2022
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F-gas-free clean air

& vacuum switching 

technology set 

sustainable 

standards and is

the future of global 

power grids!

2021-06

1
Most environment-friendly technology,

Zero emission: GWP = 0

2
No special health and safety requirements,

Zero pollution:  non-toxic, non-hazardous,

F-gas-/ PFAS-gas-free

3 Out of any F-gas & chemical regulations now & in future! 

4
No degrading effects during operation, long-term stable & 

reliable at improved technical performance!

5
Lowest lifetime costs, Simple gas handling,

No recovery & recycling needed! Multiple gas supplier! 

Summary and Q&A
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Thank you!

Eduardo Gomez Hennig, MSc, MBA.

Director Sales and Innovation, North America

Cell: +1 416 320 1521

eduardo.gomez_h@siemens-energy.com

siemens-energy.com

Further reading:

• Siemens Energy Blue Products

• Siemens Energy Gas-insulated substations

• Siemens Energy Transmission Products

https://www.siemens-energy.com/
mailto:dirk.helbig@siemens-energy.com
https://www.siemens-energy.com/global/en.html
https://www.siemens-energy.com/global/en/offerings/power-transmission/transmission-products/blue-high-voltage-products.html
https://www.siemens-energy.com/global/en/offerings/power-transmission/portfolio/gas-insulated-switchgear.html
https://www.siemens-energy.com/global/en/offerings/power-transmission/transmission-products.html
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Disclaimer

Subject to changes and errors. The information given in this 

document contains only general descriptions and/or performance 

features which may not always specifically reflect those described, 

or which may undergo modification in the course of further 

development of the products. The requested performance features 

are binding only when they are expressly agreed upon in the 

concluded contract.

All product designations, product names, etc. may contain 

trademarks or other rights of Siemens AG, its affiliated companies 

or third parties. Their unauthorized use may infringe the rights of 

the respective owner.


