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Abstract— In recent years, the environment has become a 

very important issue within society. Emissions of SF6 gas 

from switchgear contribute significantly to the threat of the 

greenhouse effect and associated climate change. SF6 gas is 

included in the Kyoto protocol for its contribution to the 

greenhouse effect .With the increase in the number of 

switchgear using SF6 gas for switching and insulation 

purposes in electricity networks, emissions of SF6 gas into the 

atmosphere will increase accordingly, a trend which will 

continue if policy remains unchanged. SF6 traps 23,900 times 

more heat in Earth’s atmosphere. Nevertheless, because its 

concentration is increasing at a rate of 8.7% /year and because 

its lifetime in the atmosphere is 3200 years, there is concern 

that its contribution to global warming could become 

significant in the future. Therefore, much research is now 

being conducted on finding a substitute gas for SF6.We must 

find equivalent alternatives & make them commercially 

available on the market. We must also reduce SF6 emission 

by leakage detection technologies like Infrared 

Thermography to reduce the impact on climate. 
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I. INTRODUCTION 

The rise in greenhouse gas (GHG) emissions from various 

industrial processes and activities has aroused international 

concern about the possible impacts of these emissions on 

climate. Greenhouse gases—mostly carbon dioxide, 

methane, ozone, nitrous oxide, sulfur hexafluoride, 

hydrofluorocarbons, perfluorocarbons and 

chlorofluorocarbons and other trace gases—are emitted to the 

atmosphere, enhancing an effect in which heat reflected from 

the earth’s surface is kept from escaping into space, as in a 

greenhouse. Thus, there is concern that the earth’s surface 

temperature may rise enough to cause global climate change. 

An increase in global mean surface temperatures since the 

late 19th century - and recent data showing that the 20th 

century’s 10 warmest years all occurred in the last 15 years – 

are an evidence of a dangerous trend. This Climate change is 

projected to result in changes to sea level, land and sea 

temperatures, cyclone intensity, frequency of fire weather, 

and frequency of extreme weather events including storms, 

drought and flood. In a nut shell it would have its impact on 

the surrounding environment including water, land, 

biodiversity and ecosystems, coastal zones, and the social 

environment [1]. 

India is a Party to the United Nations Framework 

Convention on Climate Change (UNFCCC) and the objective 

of the Convention is to achieve stabilization of greenhouse 

gas concentrations in the atmosphere at a level that would 

prevent dangerous anthropogenic interference with the 

climate system. To strengthen the developed country 

commitments under the Convention, the Parties adopted 

Kyoto Protocol in 1997, which commits developed country 

Parties to return their emissions of greenhouse gases to an 

average of approximately 5.2% below 1990 levels over the 

period 2008-12.  

Out of the six main groups of greenhouse gases, SF6 

is the most potent greenhouse gas It is estimated that annual 

SF6 gas production will reach around 8000 metric tonnes, 78 

% of which is used in electrical energy technology for 

switching operations, cooling and insulation. 

Gas 
Atmospheric 

Life (Years) 

GWP (100 Year  

Time Horizon) 

CO2 - 1 

CH4 12 21 

HFC-134a 14.6 1300 

CF4 50,000 6500 

HFC-23 264 11700 

SF6 3,200 23900 

Table 1: Various Green House gases & their Global 

warming Potential. 

Source: Second Assessment Report (IPCC, 2007) 

Emissions of SF6 gas, particularly from the 

switchgear contributes significantly to the threat of the 

greenhouse effect and associated climate change. The United 

Nations institution that monitors this, the Intergovernmental 

Panel on Climate Change (IPCC), has since then added SF6 

gas to the list of extremely harmful greenhouse gases. The 

Kyoto Treaty (1992) stipulates that emissions of SF6 gas must 

be reduced, though discouraging use is the best answer to this. 

Production of SF6 is still increasing worldwide, despite the 

fact that this greenhouse gas is listed in the Kyoto protocol as 

“undesirable”. Although there are now inspection, leakage 

prevention and recycling policies in place in most of the 

western countries, it is still doubtful if most of the used SF6 

will be prevented from escaping into the atmosphere [2]. 

II. SF6 BASICS 

A. Properties of SF6 

Sulphur hexafluoride (SF6) is a man-made gas that is 

chemically inert, non-toxic, non-flammable, non-explosive 

and thermally stable at temperatures less than 500°C. SF6 is 

colourless, odourless and With a gas density of 6.07 g/l (20 

°C, 1 bar), SF6  is about 5 times heavier than air and one of 

the heaviest known gases.. One of the main characteristics of 

SF6 is its high chemical stability due to the six covalent bonds 

of its molecule. SF6 is usually transported in the liquid form. 

The pressure required to liquefy SF6 at 21°C is about 

2,100kPa and it is therefore normally liquefied by 

compression. 
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SF6 is the largest and heaviest gas molecule that 

exists at room temperature and it has very good insulation and 

interruption capabilities. SF6 is strongly electronegative at 

room temperature and at temperatures well above ambient. 

SF6 has a fast dielectric recovery time and is self-healing after 

being dissociated under high-pressure conditions in an 

electrical discharge or an arc. The electrical breakdown 

strength is approximately three times higher than air at 

atmospheric pressure. 

B. Applications of SF6 

SF6 has been commonly used for application in electrical 

switchgear in the power transmission and distribution sector 

since the 1960’s. SF6 is an alternative to other conventional 

insulating and quenching media such as e.g. oil, and air. The 

superior dielectric and heat transfer properties of SF6, and its 

ability to "self-heal or regenerate after arc interruption have 

driven designers to utilize it for both arc interruption and 

insulation of circuit breakers above 36kV. The high dielectric 

strength of SF6 allows SF6-insulated equipment to be more 

compact. An SF6-insulated substation can require as little as 

10% of the volume of an air-insulated substation. Most of the 

SF6 used in electrical equipment is used in gas-insulated 

switch gear and circuit breakers. SF6 is also used as a 

switching and insulation medium in High- and Medium 

Voltage components in electricity networks like power 

transformers, cables, capacitors etc. SF6 in electric equipment 

is the largest use category of SF6 with global estimates of over 

78% of SF6 sales going to electric power applications [3]. 

 
Total 2003 Global sales: 6,438 metric tons 

Source: RAND Corporation, 2004 

Fig. 1: Application of SF6 in various sectors 

SF6 is also used as a cover gas in the magnesium die-

casting industry, for plasma etching in semiconductor 

manufacturing, as a reactive gas in aluminum recycling to 

reduce porosity, as thermal insulation, and in sound-

insulating double glazing. 

There are a number of small emission sources of 

SF6, some of which are considered technically unnecessary. 

For example, SF6 has been used as a substitute for air, 

hydrogen or nitrogen in sport shoes and luxury car tyres to 

extend the lifetime of the pressurized system. Soundproof 

windows have been manufactured with SF6 in several 

countries in Europe. Small quantities of SF6 are used as a 

dielectric in the guidance system of radar systems like the 

airborne warning and control system (AWACS) aircraft and 

as a tracer gas for pollutant dispersion studies. Small 

quantities of PFCs and SF6 are used in medical applications 

such as retina repair, collapsed lung expansion, and blood 

substitution (UNEP, 1999). 

C. Switchgear and SF6 GAS  

The existing SF6 technology in the field of energy 

transmission and distribution is the result of decades of 

optimisation and contributes essentially to the further 

development of the economically efficient power 

distribution. Modern, state of the art, High Voltage and Extra 

High Voltage switching devices (e.g. circuit breakers) use 

SF6 as an arc-quenching medium, almost exclusively. More 

integrated solutions, like the Gas Insulated Switchgear (GIS) 

use the gas not only as arc-quenching medium but as 

insulation as well. In the Medium Voltage range circuit 

breakers, switches, etc., using different quenching media 

including SF6, are normally installed inside a metal enclosure. 

Another design is the SF6 insulated metal-enclosed 

switchgear, where the SF6 gas provides the main insulation of 

the equipment. Vacuum or SF6 interrupters can be used. A 

particular case, broadly used in the public secondary network, 

is the SF6 insulated Ring Main Unit (RMU). In all these types 

of equipment there is a common design requirement. Gas-

tight enclosure is a functional and essential requirement, for 

obvious reasons.  

III. IMPACTS OF SF6 GAS ON ENVIRONMENT 

A. Most Potent Greenhouse Gas 

According to the Intergovernmental Panel on Climate Change 

(IPCC), SF6 is the most potent of the six main groups of 

greenhouse gases. Its global warming potential (GWP) varies 

between 22,800 and 32,600 dependent on the timescale. In 

general, a 100 years horizon is considered with a 

corresponding value of 23,900. SF6 is also a very persistent 

greenhouse gas having an atmospheric lifetime of 3,200 years 

showing irreversible impacts. For this reason SF6 has been 

put on the Kyoto list of substances of which the use and 

emission should be minimized. If production and leak rates 

of SF6 are maintained at current levels it is expected that in 

100 years its relative contribution to global warming would 

become as high as 0.15%.  is an efficient absorber of 

radiation, in particular at wavelengths around 10.5 μm. In 

addition, unlike most other greenhouse gases, SF6 is largely 

immune to chemical and photolytic degradation. Therefore its 

contribution to the greenhouse effect is expected to be 

cumulative and virtually permanent.The reduction of the size 

of the switchgear, compared to conventional designs (open 

type and metal-enclosed air-insulated switchgear) allows a 

reduction of material required. In general the reductions are 

usually very important not only in structural materials but 

also in solid insulating materials and electric conductive 

active parts. In the other hand the use of SF6 switchgear, 

requiring fewer dimensions of busbars and electric 

conductive active parts of the switching devices will reduce 

the energy losses by Joule effect in the switchgear itself. This 

is, therefore, an indirect reduction of energy use by the 

application of SF6 switchgear in the network.  

From the point of view of the local environment, the 

Technical Report IEC 61634 [3] shows that no significant air 

toxicity hazard is derived by the use of SF6. Additionally the 

gas cannot contaminate the soil and the water. At the end of 

life the small amount of solid decomposition-products can be 

easily transformed into natural occurring substances that can 

be disposed without hazard to the environment. SF6 does not 

contribute to the ozone layer depletion, because it does not 
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contain chlorine. Special attention is paid to the impact on the 

Greenhouse effect due to the high global warming potential 

of the gas [4]. 

IV. WORLD-WIDE SF6 GAS EMISSION FROM ELECTRICAL 

EQUIPMENT’S 

Over the past few years it has been observed that visible 

efforts to control SF6 emissions have spread among 

equipment manufacturers and utilities, who have started to 

fully realize the benefits of this technology for the design and 

reliability of their networks as well as the value of their assets 

of existing SF6
 

equipment. Achieving full coverage of 

reduction measures means ensuring implementation 

throughout the electricity industry. 

A. Emission from European countries 

Since the time the high warming potential of the SF6 became 

known, the European electrical industry has taken voluntary 

actions to reduce emission as much as technically possible.  

In the EU-15 the contribution of SF6 from electrical 

equipment amounted to 0.05 % of the total greenhouse gas 

emissions in 2002. Total greenhouse gas emissions in the EU-

15 in 2002 amounted to 4852 million tons of CO2-equivalent 

(EEA 2004). According to the most recent survey, at the same 

time the manufacturing, use and decommissioning of SF6 

electrical equipment contributed 2.4 million tons of CO2-

equivalent to EU-15 emissions, respectively. Although the 

electricity industry is a major user of SF6 it is only a minor 

source of SF6 emissions.  

Since 1995, voluntary actions by the European 

electricity industry have resulted in a reduction of 40 % of 

SF6 emissions. Most of the potential for emission reductions 

has already been realized. However there remains some scope 

for further reductions. Accepting climate change as a major 

challenge, the electricity industry – including both 

manufacturers and users of electrical equipment - started 

around the year 1995 to implement various measures to 

reduce SF6 emissions. These include enhanced tightness by 

design, gas recovery and re-use as well as training of 

personnel handling SF6. The electricity industry has managed 

the growing population of SF6 equipment in the EU-25+3 in 

order to reduce annual emissions from 4.8 million tons of 

CO2-equivalent to 2.9 million tons – delivering a reduction of 

nearly 40 % in less than ten years. While the action already 

taken covers most of the potential reduction measures, full 

coverage of these measures throughout the electrical industry 

in the EU-25+3 has not yet been achieved [5].While less than 

twenty companies are active in manufacturing of SF6-

electrical equipment, 34 transmission system operators and 

2817 distribution companies exist in the EU-25+3 

(EURELECTRIC 2004). Because of the structure of the 

industries manufacturing and applying SF6
 

electrical 

equipment, it has proved to be difficult to obtain accurate 

emission estimates for the whole of Europe or even individual 

European countries. Emission rates for manufacture were 

taken from CAPIEL statistics and extrapolated to the few 

other countries with manufacturing activity on the basis of 

expert knowledge. Overall emission rates in manufacturing 

declined from 8 % in 1995 to 3 % in 2003. Projections were 

made by applying reduction options to the 1995 and 2003 

status Other large markets for SF6
 
electrical equipment like 

the U.S.A. or Japan may differ widely from the European 

situation regarding used technologies and emission levels[5]. 

Based on the latest industry survey, emissions of SF6 from 

electrical equipment in Europe have decreased from about 4.8 

Mt CO2-eq. in 1995 to 2.9 Mt CO2-equ today. These 

reductions have been achieved by improved handling of SF6
 

throughout the lifecycle of SF6 equipment including 

manufacture, use and end-of-life, despite a significant 

increase of the bank of in electrical equipment  

B. Emissions from US 

As climate change is now also becoming a growing concern 

in the USA, the US government and several large users of SF6 

participate in a voluntary program to reduce emissions of SF6. 

 
Fig. 2: SF6 Emission Rate from EPA member utilities, USA 

This has resulted in the Environmental Protection 

Agency’s (EPA’s) SF6 Emission Reduction Partnership for 

electrical power systems. Over 80 US utilities, representing 

approximately 42% of the total U.S grid, are taking measures 

to reduce SF6 emissions. This has led to an average emission 

reduction for the partners from 15.1% in 2000 to 5.5% in 

2007 of the banked SF6 gas in the installed base. The 

cumulative SF6 emission reduction that has been avoided 

since the start of the program is 1554279 pounds. Reductions 

of 1,554,278 pounds equate to the CO2 equivalent emission 

reductions from: 3.1 million cars not driven for one year, 39.1 

million barrels of oil not used, 4.4 million households 

reducing electricity use by 50 percent for one year, each year 

for 3,200 years. One of the outcomes of the EPA annual 

report is that emission rates seem to vary between 0% and 

over 45%, which illustrates that the SF6 emission prevention 

is very much related to conscious behavior, leakage 

monitoring and periodical inspections. Further measures, like 

a ban on SF6 for those applications where alternative 

technologies exist, and legislation that forces all utilities to 

participate in this emission reduction program, are 

recommended [6]. Condition-based maintenance (CBM) is a 

new maintenance strategy for the reliable operation of power 

substations. With CBM gas pressure sensor an SF6 gas 

leakage of less than 0.1 per year might be detected. The 

revised IEC standard 62271-203 stipulates that SF gas 

leakage shall not exceed 0.5% per year. Further, the IEC 

standard 62271-303 recommends that gas leakage shall be 

detected in its early stage, and the repair of the leakage is 

required. The SF gas leakage management of lower than 0.5% 

per year will be also required regarding the revision of IEEE 

C37.121 ‘GIS’ [7]. 

V. LEAKAGE FROM SF6 BASED SWITCHGEAR 

SF6 products provide alarm and lockout features when 

reduced levels of SF6 pressure are detected. Since SF6 is 

heavier than air, leakage can collect in lower areas and sub-
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floors of equipment rooms, displacing breathable air. For 

reasons of being environmentally responsible, discharges of 

SF6 must be minimized through sound operating practices 

and specialized equipment. Leak sources should be identified 

and repaired quickly. Utilities have embarked upon leak 

detection of their SF6 circuit breakers on a routine basis [8]. 

 
Fig. 3: Distributions of Emissions over Categories A-E in 

2003 in the EU-25+3 

Fig. 3 shows the shares of SF6 emission from 

electrical equipment (Categories A-E) in the EU 25+3 

derived in the expert emission survey carried out for this 

study [5]. Although the International Standard IEC 60694 still 

describes three different types of pressure systems when 

qualifying the tightness of the enclosure, nowadays 

switchgear design is based on only two of these pressure 

systems: Closed pressure systems, which can be re-filled 

periodically. IEC 60694 allows two standardised relative 

leakage rates of 1% and 3% per year. The present generation 

of switchgear is according to the 1% criteria. Sealed pressure 

systems are designed and manufactured to have no emission. 

Therefore they do not need to be refilled during the expected 

operating life (generally 20 to 40 years). SF6 gas 

compartment can be equipped with density monitoring 

devices alerting and ultimately preventing gas losses. In case 

of repair, the maintenance operations including SF6 handling 

and operational procedures shall be in accordance with IEC 

61634 requirements.  

A. SF6 Leak Detection Camera 

SF6 is a particularly inert gas that cannot be seen at room 

temperature and pressure, and unlike other gases, no chemical 

can be used to interact with it to make it visible. Identifying 

leaks from SF6- insulated switchgear poses some difficulties 

and pressing issues for asset and environmental managers, not 

to mention the costs of ‘topping up’ depleted supplies. Until 

now, most have relied on the ‘hands-on’ method of detecting 

leaks, with the operator climbing or reaching into the 

equipment to use soaping, sniffing or bagging techniques. It 

would also mean a costly outage. And even after the 

investigation, the precise source of the leak may not have 

been known. 

Because SF6 is colourless and odourless finding 

leaks is not a simple process. A number of techniques exist 

for locating leaks, but these have drawbacks in being slow, 

labor intensive and requiring the equipment being examined 

to be removed from service. A better method was needed. The 

laser camera operates by shifting its view from the region of 

visible light to a region of the infrared (IR) spectrum. The 

camera’s field of view is illuminated by a CO2 laser tuned to 

a wavelength suitable for the gas of interest. For SF6, a 

wavelength of about 10.5 microns is used since that is the 

frequency of the dominant absorption band for SF6. The 

camera proper contains an IR detector with an input filter that 

restricts the light accepted to a band centered on the laser 

output wavelength. The image formed from the IR detector 

of the camera presents a vision of the world as seen in 

monochromatic IR light. Although forms are readily 

recognized on the camera screen, shadings are sometimes 

unexpected when seen at this wavelength. Because of its 

absorption, SF6 gas appears as a dense, black cloud 

Fig. 4 shows Early systems for detecting SF6 gas 

emissions relied on a combination of infrared imaging and 

active CO2 laser illumination [11]. 

 
Source: FLIR SF6 Gas Detection 

Fig. 4: SF6 leakage monitoring by laser camera 

The leak detection cameras display the leaking SF6 

gas as a wispy black plume and the equipment is so sensitive, 

that even a small quantity, evenly distributed across the field 

of vision, will render the entire screen ‘black’. Circuits 

remain in service while the inspection is being carried out, 

and the leak will appear clearly on the monitor regardless of 

the background. Thermal imagining of an electrical asset can 

reveal a myriad of potential failure modes. Hopefully such an 

image will show that all is well, which is usually the case. 

Like the SF6 leak detection camera, the benefit of 

thermographic imaging is that condition assessments can be 

made while the assets stay in service, allowing any problem 

diagnosis, outage planning and resource allocation to occur 

without interruption to the customer. Should an interruption 

to supply be necessary, it can be minimised because of the 

foreknowledge gained by such measurements. 

In 2000, EPRI participated in the development of a 

new field-hardened version of the GasVue camera- which is 

smaller, lighter, and more rugged than the earlier version—

was designed specifically for use by field technicians. The 

camera’s compact size and toughness make it easier for 

locating leaks [10]. The camera can also be used to detect 

leaks without taking equipment out of service, thereby 

avoiding loss of revenue and simplifying the procedure. 

New tools are needed to improve detection of SF6 

leaks in order to meet the requirements of voluntary emission 

reduction programs, reduce the cost of detection, reduce the 

cost of replacement gas, avoid service outages, and improve 

gas recycling efficiency. 

VI. ALTERNATIVES 

SF6 gas has excellent dielectric strength and interruption 

performance and for this reason is widely used for Gas Circuit 

Breaker and GIS. However, the global warming potential 

(GWP) of SF6 is very high, being about 23,900 times that of 

CO2. It is defined in the 3rd Conference of the Parties to the 
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United Nations Framework Convention on Climate Change 

(COP3) as a greenhouse gas. Therefore, much research is now 

being conducted on finding a substitute gas for SF6.In the 

field of electrical equipment a systematic search for 

environmentally friendly alternatives to SF6
 
started and is still 

ongoing within the International Scientific Community. For 

the time being, no suitable alternatives have been identified. 

One approach to reduce SF6 emissions is obviously to 

substitute it in processes or applications by another substance 

with similar properties.  

A. CF3I- CO2 

CF3I has significantly lower GWP than SF6. CF3I is colorless 

and nonflammable, like SF6. However, CF3I is rapidly 

decomposed by solar light so it’s life time in the atmosphere 

is very short. As a result, GWP is less than 5 and the Ozone 

Depleting Potential is near zero, so it can be said that CF3I 

has a low environmental impact. The insulation performance 

of CF3I (100%) is superior to SF6, and it is about 1.2 times 

better. However, it is impossible to use CF3I (100%) because 

of its high boiling point. so it is necessary to mix it with 

another gas. On the other hand, the insulation performance of 

CF3I - CO2 increases linearly with the proportion of CF3I.  

When the CF3I ratio is 60%, the dielectric strength is 

approximately equal to that of SF6.  

All things considered, although the insulation 

performance is only about 0.75 to 0.80 times that of SF6, CF3I 

- CO2 (30%-70%) has the best properties for GIS 

applications. In addition, comparison of the interruption 

capability with the same proportion of CF3I shows CF3I - CO2 

to be superior to CF3IN2.Therefore, mixing CO2 with CF3I is 

preferable than nitrogen. 

B. N2 & CO2 with SF6 

Other than the SF6, use common gases (N2 and CO2) in the 

blends. In fact, SF6-N2 mixtures are already used to prevent 

liquefaction in cold areas. The use of CO2 is a bit more 

unusual, as at first blush, it low dielectric strength seems 

inferior to N2. Still, some investigators have noted improved 

performance by adding CO2 to SF6. The properties of 

Nitrogen (N2) and Carbon Dioxide (CO2) are shown in Table 

2: 

Gas SF6 N2 Co2 

Molecular Weight 146 28 44 

Relative Dielectric Strength(3) 1 0.33 0.30 

Boiling Point,(0C) -64 -196 0.78 

GWP 23,900 0 1 

Table 2: SF6, N2, Co2 

Nitrogen has been used mixed with SF6 for some 

time. Mixtures of N2 and SF6 have been used to keep the SF6 

gas from liquefying at very cold temperatures. The reader will 

realize that CO2 is itself a greenhouse gas, with a GWP of 1. 

It’s fitness for use in this application stems from its very low 

GWP, which on a weighted average basis is almost 

negligible, and on the fact that the CO2 is obtained from the 

atmosphere in the process of producing oxygen and nitrogen. 

Thus, should it happen to leak into the environment, it would 

have a net effect of zero. Many authors have investigated 

insulating mixtures of SF6, CO2, and N2 for electrical 

switchgear. In the selection of an alternative, more 

environmentally friendly gas, it is thought that high-pressure 

natural gases, such as air, nitrogen (N2), and carbon dioxide 

(CO2), are promising candidates. In this study, we considered 

the use of high-pressure CO2 gas. In this study, we considered 

the use of high-pressure CO2 gas as a substitute for SF6 gas 

because of its reduced environmental impact. With the aim of 

providing useful data for rational insulation design, the 

fundamental insulation breakdown characteristics of high-

pressure CO2 gas for gas pressures of up to 1.0 MPa were 

acquired under simulated practical conditions [9]. 

C. Vacuum 

In the voltage range between 1-52 kV, vacuum for circuit-

breaking was introduced in the late 1960s. Today both 

vacuum and SF6
 
are widely used for circuit-breaking in this 

voltage range.  

Switching and insulation media can be combined, 

e.g. at medium voltage, vacuum or SF6
 
unit for circuit 

breaking can be combined with air or SF6 for insulation [5]. 

VII. CURRENT LEGISLATION & MEASURES ON SF6 EMISSION 

REDUCTION 

The technological and economic potential to reduce 

greenhouse gas (GHG) emissions is large enough to hold 

annual global greenhouse gas emissions to levels close to or 

even below those of 2000 by 2010 and even lower by 2020. 

Technologies and measures to reduce greenhouse gas 

emissions are continuously being developed. Reduction of 

greenhouse gas emissions is highly dependent upon both 

technological innovation and practices. Because energy is 

such a critical driver of development, it is essential that 

strategies to reduce GHG emissions be consistent with 

development goals [3]. 

A. F-Gas Regulation 

As a consequence of the outcome of the IPCC studies and the 

fact that SF6 is a greenhouse gas listed under the Kyoto-

protocol of which emissions should be mitigated, the 

European Union passed legislation that bans SF6 for almost 

all applications, except for electrical switchgear. The 

reasoning for this exception is that no viable alternative 

would be available. Under the F-gas regulation (2006) the use 

of SF6 is now prohibited for most applications, like in sport 

shoes, car tires, tennis balls and for double glazing. The F-gas 

regulation prescribes a lot of precautions to limit the emission 

in HV and MV switchgear applications. Utilities and 

switchgear manufacturers have to take special measures to 

limit the emission during the production, use, maintenance 

and end of life of equipment containing SF6. Technicians 

involved in regular inspections, maintenance, refilling and 

recycling of switchgear containing SF6, need to be trained and 

certified. Besides, there are three IEC standards that prescribe 

how to deal with SF6 for HV and MV switchgear applications. 

B. CDM and Carbon Credits 

Carbon credits are a tradable permit scheme. They provide a 

way to reduce greenhouse gas emissions by giving them a 

monetary value. A credit gives the owner the right to emit one 

tonne of carbon dioxide. Carbon credits are generated as the 

result of an additional carbon project. A can be an emissions 

allowance which is allocated or auctioned by the 

administrators of a cap-and-trade program or an offset of 

Greenhouse Gas equivalent carbon dioxide emissions. An 

offset generated by a carbon project under Clean 
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Development Mechanism (CDM) or Joint Implementation 

(JI) is limited in value by the fact that regulated entities are 

limited as to what percentage of compliance can be 

accomplished via these flexible mechanisms. International 

treaties such as the Kyoto Protocol set quotas on the amount 

of greenhouse gases countries can produce. Countries, in turn, 

set quotas on the emissions of businesses. The concept of 

carbon credits came into existence as a result of increasing 

awareness of the need for pollution control. Carbon credits 

are certificates awarded to countries that are successful in 

reducing emissions of greenhouse gases. For trading 

purposes, one credit is considered equivalent to one tonne of 

CO2 emissions. 

C. SF6 Gas Management 

Options to reduce emissions include upgrading equipment 

with low emission technology, and improved handling during 

installation maintenance and/decommissioning (end-of-life) 

of SF6-insulated equipment, which includes the avoidance of 

deliberate release and systematic recycling. Guidelines on 

equipment design to allow ease of gas recycling, appropriate 

gas handling and recycling procedures, features of gas 

handling and recycling equipment, and the impact of 

voluntary emission reduction programmes are contributing to 

the reduction of emissions from this sector (Mauthe et al, 

1997; Causey, 2000). Significant emissions may also occur 

during the manufacturing and testing of gas-insulated switch 

gear when the systems are repeatedly filled with SF6 and re-

evacuated (Harnisch and Hendriks, 2000). Historically these 

emissions have been in the range of 30%-50% of the total 

charge of SF6. The existence and appropriate use of state-of-

the art recovery equipment can help to reduce these emissions 

down to at least 10% of the total charge of SF6. The 

procedures and the criteria for the reuse of the SF6 gas are 

given by IEC 60480 (now in revision) and CIGRE guide [4].  

VIII. CONCLUSION 

As energy consumption increases the use of SF6 increases in 

absolute terms as well. Technologies and measures to reduce 

greenhouse gas emissions are continuously being developed. 

Reduction of greenhouse gas emissions is highly dependent 

upon both technological innovation and practices. The use of 

technically and commercially viable alternatives must be 

encouraged where ever they are available. To encourage 

minimizing of the emissions, policies like that of greenhouse 

gas trading should further be introduced, the profits earned 

from which can be used for the development of new clean 

energy. And accordingly, greenhouse gas emissions can 

eventually be reduced. 
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