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FOREWORD 

This project is the result of a study funded by the Maryland Power Plant Research Program (PPRP).  
The intent of the study was to determine the extent of use of Sulfur Hexafluoride (SF6), a potent 
greenhouse gas, in electrical equipment used by electricity generating and transmission and distribution 
companies in Maryland.  Specific goals of this project were to:  1) determine the extent to which SF6 is 
being used (or being considered for use) as an insulating medium in electrical system circuit breakers 
and underground transmission lines in Maryland, 2) attempt to quantify potential leakage of SF6 from 
these components, and 3) investigate methodologies for reducing such leakages.  Data was collected 
from Maryland utilities through a survey distributed by PPRP to Maryland electricity generating and 
transmission companies. 

This report was prepared by Fossil Consulting Services, Inc. (FCS) and Environmental Resources 
Management, Inc. (ERM) under the Maryland Department of Natural Resources Power Plant Research 
Program (PPRP) Atmospheric Sciences Integrator contract.  The report was prepared under the direction 
of Dr. John Sherwell of PPRP.  Contributing authors were:  Michael McClintock and David Scheiwe of 
FCS. 
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ABSTRACT 
Sulfur hexafluoride (SF6), used extensively in the electricity generation and transmission and 
distribution industries as an arc quenching and insulating medium in medium and high voltage 
switchgear, is a potent greenhouse gas.  With an extremely long atmospheric lifetime (3,200 
years) and chemical properties that make it, pound for pound, 22,200 times more potent as a 
greenhouse gas than carbon dioxide (CO2), releases of SF6 to the atmosphere can have a 
significant impact on the total amount of greenhouse gases produced. 

This report provides a brief description of SF6, its properties and its use in the electricity 
generation and transmission and distribution industries.  These industries currently use 
approximately 80% of the SF6 produced worldwide.  The report also describes the role of SF6 in 
increasing global greenhouse gas inventories.   

Reduction of SF6 and other man-made greenhouse gases is part of recent initiatives, including 
the Kyoto Protocol, to limit or reduce worldwide emissions of greenhouse gases.  Although the 
U.S. has not signed the Kyoto Protocol the government, through the Environmental Protection 
Agency (EPA), is spearheading efforts to reduce SF6 emissions.  The voluntary SF6 Emission 
Reduction Partnership for Electric Power Systems encourages and assists members in adopting 
strategies that will reduce SF6 emissions. 

Only one company operating in Maryland, Allegheny Power, is a member of this Partnership.  
To determine the scope of SF6 emissions and leak prevention strategies employed in the state, a 
survey was distributed to all generating and transmission and distribution organizations operating 
in Maryland.  Results from responding companies were compiled and analyzed. 

An estimate of annual emissions of SF6 was extrapolated from data received.  Results suggest 
that those organizations with the greatest amount of SF6-filled equipment in the State have 
programs in place to educate and qualify employees who handle SF6 and utilize formal 
inspection and maintenance programs to monitor and reduce total SF6 emissions. 

Best practices for handling SF6 by the electric utility industry were also researched and are 
discussed in the report. 
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1.0 INTRODUCTION 

Since the 1980s, sulfur hexafluoride (SF6) has been used extensively in the electricity transmission 
and distribution industry as an insulator and arc interrupter for high and medium voltage circuit 
breakers, switchgear and other electrical equipment.  Its properties include being chemically inert, 
gaseous at low temperatures, non-toxic, nonflammable and non-corrosive.  Additionally, it offers 
excellent thermal conductivity and high dielectric strength.  These characteristics make it the 
“insulator of choice” for high voltage circuit breaker applications and it offers many advantages in 
applications such as gas- insulated transformers, gas- insulated transmission lines and gas- insulated 
substations (GIS).  Nearly 80% of the SF6 produced worldwide is used by the electric power 
industry. 

SF6, however, is also a very potent greenhouse gas (GHG).  Although SF6 does not deplete the 
ozone layer, it is a highly effective absorber of infrared radiation and, because of its chemical 
inertness, is not easily removed from the atmosphere.  In fact, SF6 is 22,200 times more potent than 
CO2 as a greenhouse gas (1 lb of SF6 released to the atmosphere equates to 11 tons of CO2) with an 
extremely long atmospheric life of 3,200 years.  Therefore, though emissions of SF6 to the 
atmosphere are relatively small (e.g., in comparison to the release of CO2 from electric generating 
plants), the environmental significance can be large.   SF6 can escape to the atmosphere from 
electrical equipment through faulty or inefficient seals (particularly on older equipment), during 
maintenance on the equipment, during manufacture, and from improper disposal of equipment 
taken out of service. 

Until 1995, when the potency of SF6 as a greenhouse gas was discovered, no specific actions had 
been taken to limit the release of SF6 to the atmosphere.  In 1997, the United Nations Framework 
Convention on Climate Change (UNFCCC), held in Kyoto, defined and quantified the role of SF6 in 
the context of the other major greenhouse gases (the Kyoto Protocol). 

Subsequent to this, the United States Environmental Protection Agency (EPA) established the SF6 
Emissions Reduction Partnership for Electric Power Systems in 1999.  The Partnership is a 
voluntary, industry-government initiative with the objective of reducing or eliminating SF6 
emissions by electrical generating utilities by cost-effective and technically feasible means.  
Currently, over 70 public and municipal utilities have joined the Partnership, representing 
approximately 35% of the US high-voltage transmission grid.  In addition to sharing information on 
SF6 recycling, implementation of leakage detection practices and replacement of older leaking and 
leak-prone equipment, the partners also report information on SF6 emissions on an annual basis.  
Since 1999 (the base year), the partners have reported reductions in SF6 emissions of 2.01, 4.59, 
14.10 and 6.95% in 2000, 2001, 2002 and 2003 from the previous year’s total. 1 

Of all the utilities and municipal electric systems operating in Maryland, only Allegheny Power is 
currently a member of the Partnership.  At present, there is no mechanism to estimate the total SF6 
emissions of Maryland utilities or those operating in Maryland.  In fact, no good estimate of the 
number, types and vintage of SF6 equipment installed in Maryland exists.  The goals of this study 
by the Maryland Power Plant Research Program (PPRP) were to 1) determine the extent to which 
SF6 is being used (or being considered for use) as an insulating medium in electrical system circuit 
breakers and underground transmission lines in Maryland, 2) attempt to quantify potential leakage 
of SF6 from these components, and 3) investigate methodologies for reducing such leakages.  Data 
was collected from Maryland utilities through a survey distributed to Maryland electricity 
generating and transmission companies.  The survey requested utilities to provide information on:  

                                                 
1 U.S. Environmental Protection Agency, SF6 Emissions Reduction Partnership for Electric Power Systems – 2003 Annual 
Report, (Washington, DC, July 2004), p. 3. 
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1) the number and types of SF6 insulated breakers installed; 2) the extent of use of other SF6 
insulated equipment (such as transformers and transmission lines; 3) estimated leakage rates and 
amounts; 4) procedures used in normal operation and maintenance of SF6 equipment; 5) 
participation in EPA programs; 6) personnel training in SF6 handling procedures being performed; 
and 7) any SF6 reporting being done, including what is being reported and to whom. 

Additionally, as part of this study, applicable codes, standards and other documentation pertaining 
to the use of SF6 in electrical equipment were investigated.  Finally, “best practices” for life cycle 
management of electrical equipment using SF6 are presented. 



 
 

 3 PPRP-138 

2.0 SULFUR HEXAFLUORIDE (SF6) 

2.1 Background 
Although SF6 gas was discovered in 1904, it did not become commercially available until 1947.  In 
the 1950s, it came into use by the electric utility industry as a medium to quench the arc in high 
voltage circuit breakers.  Its property of being highly electronegative (making it very stable and 
non-conductive) at a wide range of temperatures, make it an excellent arc- interrupting medium with 
good insulating and heat transfer characteristics.  It is also non-flammable, non-toxic, chemically 
inert, and relatively easy to manufacture.  All of these characteristics made it a logical choice to be 
used in high voltage electrical switching equipment, beginning in the 1960s, with its use becoming 
widespread in the 1980s.  At atmospheric pressure, SF6 is 2.5 times better than air at quenching an 
arc and, at 3 to 5 times atmospheric pressure, the dielectric properties are 10 times better than those 
of air.  These properties enabled high voltage switching equipment to be constructed that was much 
smaller in size and had superior arc-quenching capability compared to the previous standard oil-
filled circuit breakers (OCBs) or air circuit breakers (ACBs).  Additionally, it was thought at the 
time that there was no serious environmental impact. 

Because of these same chemical properties, SF6 also became popular for use in other industries such 
as semiconductor manufacturing, magnesium casting and aluminum recycling. 

Although use of SF6 has many advantages, it also has drawbacks, which include:  it is now 
relatively expensive; it decomposes into potentially dangerous substances when exposed to high 
temperatures (as when exposed to an electric arc); and it can cause environmental damage as a 
greenhouse gas. 

By the time the potential environmental consequences of SF6 use were discovered in the mid-1990s, 
SF6 was already widely used throughout the world in the electric utility, the magnesium smelting, 
and semiconductor industries.  Because the effects of SF6 on the environment were unknown until 
this time, it was also used in such applications as filling air cushions in athletic shoes, as an 
insulating and soundproofing medium in multi-pane windows and for filling automobile tires.  
Worldwide sales of SF6 reached a peak of 7,571 metric tons in 1996 and are estimated at 6,438 
metric tons in 2003.2  From 1961 to 1996, original equipment manufacturers (OEMs) − companies 
that manufacture electrical equipment that uses SF6 − purchased approximately 60% of the SF6 
sold, and electric utilities (the end users of this equipment) purchased approximately 21%.  Since 
1996, the trend has been for decreased SF6 purchases by the OEMs and increases in purchases by 
electric utilities. 

2.2 Present Day Applications in the Utility Industry 
As mentioned previously, SF6 is used extensively in the electric utility industry as an arc quenching 
and insulating medium.  Specific applications include use as an arc-quenching medium in high and 
medium voltage switchgear applications, as an insulating and cooling medium in transformers and 
as an insulating gas in substations and high voltage electrical transmission ducts. 

In electric power distribution systems, circuit breakers are used to control the flow of power for 
protection of equipment and personnel and to interrupt current flow automatically in the event of a 
fault (short circuit).  When a circuit breaker is opened or closed, a high temperature electric arc is 
created between the contacts in the circuit breaker.  This electric arc, at temperatures between 1500 
and 5000K, will damage circuit breaker contacts unless quickly quenched.  In fact, the temperatures 
are so high that without quenching, circuit breaker contacts could be welded closed, rendering the 

                                                 
2 Smythe, Katie, RAND Corporation, Trends in SF6 Sales and End-Use Applications:  1961-2003 , Proceedings of the 3rd 
International Conference on SF6 and the Environment, 2004. 
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circuit- interrupting capability of the circuit breaker useless.  Although several techniques for 
extinguishing these arcs have been (and continue to be) used, performance of breakers using 
pressurized SF6 is currently superior to the other methods. 

SF6 also has excellent heat transfer properties.  This cooling ability, its chemical stability and 
compatibility with other materials, its non-flammability and its dielectric characteristics make SF6 a 
desirable medium to use in place of oil in transformer applications.  Use of oil in transformers 
presents problems because of the potential for fires and environmental concerns relating to leakage 
and disposal of used oil.  SF6-filled transformers offer better reliability, flexible design and layout, 
longer service life, lower noise, simpler maintenance and lighter design. 

Where use of overhead high voltage transmission lines is not practical or feasible, such as in urban 
areas, gas- insulated transmission lines are often used.  In this application, the high voltage 
conductors are contained within a sealed enclosure filled with SF6 gas or a mixture of SF6 with 
another gas like nitrogen.  The SF6 provides an excellent insulating and heat transfer medium 
because of its dielectric and heat transfer characteristics.  SF6 is also non-flammable and stable, and 
is reliable for long periods of time.  This allows construction of gas insulated transmission lines that 
have high current-carrying capacity with low losses, which can be buried, thus eliminating concerns 
associated with overhead transmission lines in congested areas. 

Gas insulated switchgear (GIS) is an entire substation (including circuit breakers, disconnects, 
buswork, grounding switches and transformers) interconnected and insulated with SF6.  Besides 
offering all the advantages cited above for SF6-insulated equipment, GIS is more compact than 
traditional switchgear and requires little maintenance, making it ideal for use in both urban and 
remote locations. 

2.3 Sulfur Hexafluoride and Global Warming 
For all its beneficial characteristics, SF6 is not without its drawbacks.  SF6 leaks from circuit 
breakers and substations through gaps and faults in seals, with greater leakage from older 
equipment.  SF6 is also released from the equipment during manufacture, installation, servicing and 
disposal.  Before the potential effects of SF6 on the environment were discovered, and when SF6 
was relatively inexpensive, efforts to limit release of SF6 to the atmosphere were minimal.  Indeed, 
some utilities reportedly vented the SF6 in their equipment to atmosphere3 when performing 
maintenance.  The increased cost of SF6 and increased environmental awareness have decreased this 
practice.  SF6 is now relatively expensive.  When first introduced, SF6 cost on the order of three to 
four dollars a pound as it was easily produced in a chemical reaction between molten sulfur and 
fluorine gas.  The costs of production have risen because of increased environmental controls and 
several manufacturers have left the market.  The result is that the cost per pound has increased as 
high as the mid-thirty dollar range for a pound of SF6 (current cost per pound is around 9 dollars).4  
This means higher cost to purchase the gas-filled equipment initially, and higher costs to maintain 
SF6-filled equipment. 

A second disadvantage to use of SF6 in high voltage equipment is that highly toxic compounds are 
formed in an arcing environment inside the circuit breakers.  This requires precautions during 
equipment maintenance for personnel protection, and measures to prevent release of these toxic 
compounds to the environment. 

                                                 
3 U.S Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1900-2002, EPA-430-R-04-
003 (Washington, DC, April 2004), p. 1-7. 
4 U.S. Environmental Protection Agency, SF6 Emissions Reduction Partnership for Electric Power Systems – 2002 
Partnership Report, (Washington, DC, August 2003), p. 4. 
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A third disadvantage is that SF is a potent GHG.  Although SF6 does not deplete the Earth’s ozone 
layer like chlorinated hydrocarbons (CHC), which were widely used as aerosol propellants and 
refrigerants, a single pound of SF6 released to the atmosphere has the same impact on global 
warming (Global Warming Potential or GWP) as 22,200 pounds of CO2, the most common GHG.  
To further compound the impact of SF6, it does not readily decompose in the atmosphere and has a 
lifetime of 3,200 years.  Table 1 compares the global warming characteristics of several GHGs. 

 

Compound 
Global Warming Potential  

(100 year time hori zon) 
Atmospheric Lifetime 

(Years) 

Carbon Dioxide (CO2) 1 50-200 

Methane (CH4) 21 12 ±3 

HFC-134a 
(Aerosol Propellant) 1,300 14.6 

Freon 14 (CF4) 6,500 50,000 

Trifluoromethane  
HFC-23 11,700 264 

Sulfur Hexafluoride (SF6) 22,200 3,200 

Table 1  Greenhouse Gas Characteristics5 

To understand how greenhouse gases affect global climate, it is necessary to understand the transfer 
of heat energy to and from the earth.  Radiation from the sun strikes the Earth.  Some of that 
radiation (about 25%) is reflected by the upper atmosphere and never contributes to warming of the 
Earth.  Some of the radiation that is not reflected by the atmosphere is reflected by reflective 
surfaces on the Earth like snow, ice and sandy deserts. 
 
Radiation that is not reflected is absorbed by the Earth, and the energy in that radiation warms the 
Earth.  Infrared radiation from the warm Earth, both from the surface and the atmosphere, is 
radiated into space.  The warmer the Earth is, the greater the amount of infrared radiation there is 
from the Earth.  In steady state, the amount of radiant energy absorbed by the Earth is exactly the 
same as the infrared energy radiated by the Earth and this results, on the average, in a constant 
temperature on the Earth.  The temperature on the surface of the Earth and its atmosphere that 
results from this process depends on the amount of radiant energy absorbed by the atmosphere, 
which in turn depends on the concentration of GHG in the atmosphere. 
 
If there were no GHG in the atmosphere, all of the infrared radiation from the surface of the Earth 
would radiate into space without heating the atmosphere.  The only heating of the atmosphere 
would be by convection.  The result would be a lower temperature on the surface and the in the 
atmosphere.  Indeed, without GHG in the atmosphere, the Earth’s surface temperature would be 
about -19oC (2.2oF) instead of the +14oC (+57.2oF) actually observed.6 
 

                                                 
5 U.S Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1900-2002, EPA-430-R-04-
003 (Washington, DC, April 2004), p. 4-38. 
6 Intergovernmental Panel on Climate Change, Climate Change 2001:  The Scientific Basis, (Cambridge, UK:  Cambridge 
University Press), pp. 89-90. 
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To grasp the significance of the impact of SF6 on the environment, it is necessary to compare the 
amounts of SF6 released to the atmosphere to other GHGs.  Since the different compounds released 
have a varying impact per unit mass on the total GHG inventory, a standard method of defining a 
compound’s effect was developed in the 1990s by the Intergovernmental Panel on Climate Change 
(IPCC).  Under this method, the effect of a substance is stated in terms of the impact of CO2, the 
most plentiful GHG.  To determine this equivalency, the amount of a particular substance released 
is multiplied by a factor, the Global Warming Potential (GWP) to determine the “equivalent” CO2 
that would cause the same impact.  Simply stated, this equation is: 

M(CO2 Eq) = M(gas) x GWP 

Where M(CO2 Eq.) = the equivalent mass of CO2 

M(gas) = the actual mass of gas released 

GWP = the Global Warming Potential value 

The units typically associated with CO2 Eq. are typically Teragrams (Tg or 1012 grams) or million 
metric tons (million tonnes or 2200 x 106 lb = 1 Tg). 

Greenhouse gases with the longer atmospheric lifetimes (such as SF6) tend to be evenly distributed 
throughout the atmosphere; shorter-lived gases vary greatly from region to region depending on 
such factors as population, concentration of automobiles, location of fossil fueled power plants, etc.  
Because of the even distribution of gases such as SF6, their impact is considered to be worldwide 
and levels at any point can be considered to be representative of the concentration worldwide. 

IPCC continues to research the impact of the various greenhouse gases and periodically revises its 
estimates of the GWPs of the gases.  For example, IPCC in its Third Assessment Report (TAR) 
revised the GWP of SF6 downward to 22,200, based on new measurement techniques and other 
technology improvements to decrease the uncertainty in estimating GWPs.  However, to ensure that 
estimates from 1990 to 2002 are comparable to current estimates, the values from the Second 
Assessment Report (SAR) (23,900 for SF6) are used by the United States to report GHG emissions.7 

In its annual report, U.S. Greenhouse Gas Emissions and Sinks, the U.S. Environmental Protection 
Agency publishes estimated emissions from a wide variety of sources, determined from actual 
reports of emissions and regression based models.  Table 2 shows the CO2 equivalent emissions 
from the major sources in the 1990 – 2003 time frame. 

As is apparent from the table, SF6 emissions from the electrical transmission and distribution 
industry contributes a relatively small percentage (0.23% in 2003) to the total GHG emissions in the 
U.S.  Additionally, total emissions of SF6 by the industry have declined annually to where they are 
approximately 50% of what they were in 1990.  This is attributed to the rise in price of SF6 as well 
as increased efforts by the industry to take measures to reduce emissions.8,9 

                                                 
7 U.S Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1900-2002, EPA-430-R-04-
003 (Washington, DC, April 2004),, p. 1-8. 
8 Ibid, p 158. 
9 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2003, DOE/EIA-0573(2003) 
(Washington, DC, December 2004), p. 69. 
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Gas/Source 1990  1997 1998 1999 2000 2001 2002 2003 

CO2 5009.6  5580.0 5607.2 5678.0 5858.2 5744.8 5796.8 5841.5 

CH4 605.3  577.9 567.6 555.4 552.2 544.8 540.4 543.3 

N20 382.1  396.4 407.8 382.2 402.0 385.9 380.6 376.8 

HFCs, PFCs and 
SF6 

91.2  121.7 135.7 134.8 138.9 129.5 138.3 137.0 

Total 6088.2  6676.1 6718.3 6750.4 6951.3 6805.1 6856.0 6070.6 

SF6 from 
Electrical 
Transmission & 
Distribution 

29.2  21.7 17.1 16.4 15.6 15.4 14.7 14.1 

% from ET&D 0.48  0.33 0.25 0.24 0.22 0.23 0.21 0.23 

Table 2  Contribution from Various Greenhouse Gases (in Tg CO2 Eq.)10 

                                                 
10 U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1900-2003 , EPA-430-R-
04-003 (Washington, DC, February 2004), p. ES -4. 



 
 

 8 PPRP-138 

3.0 CURRENT SF6 CONTROL, ABATEMENT AND MITIGATION PROGRAMS AND 
PROCESSES 

3.1 Worldwide Efforts to Reduce Greenhouse Gases 
Beginning in the 1960s, scientists realized that concentrations of CO2 in the atmosphere were rising 
every year along with other gases such as methane, nitrous oxide and the “engineered” gases 
(chlorofluorocarbons (CFCs) and SF6).  It was postulated that increasing concentrations of these 
gases would cause a warming of the Earth’s atmosphere.  Although it is difficult to separate the 
impact on climate by human intervention from naturally occurring phenomena, the consensus 
among scientists is that the evidence available indicates that most of the warming observed in the 
last 50 years is due to human activities.  In the 1970s, the developed nations of the world began 
efforts to reduce and/or mitigate the impact of gases released to the atmosphere. 

Concern over the depletion of atmospheric ozone emerged as a political concern in the United 
States in the early 1970s.  By the mid-1970s, use of CFCs in aerosol spray cans became a major 
issue and, in 1978, the U.S. banned the use of CFCs as aerosol propellants.  International efforts at 
controlling CFC use began in the 1980s and resulted in the 1987 Montreal Protocol on Substances 
that Deplete the Ozone Layer.  The Montreal Protocol became the first international treaty for 
mitigating global atmospheric problems before serious environmental damage had been 
conclusively detected.11  The Montreal Protocol, signed in 1987 and amended in 1990 and 1992, 
stipulated that CFCs, halon, carbon tetrachloride and methyl chloroform were to be phased out by 
2000. 

3.1.1 The United Nations Framework Convention on Climate Change (UNFCCC) 
The UNFCCC was signed in 1992 and went into force in 1994.  It addressed the more general 
problem of all greenhouse gas emissions.  Signatories to the UNFCCC were divided into three 
groups: 

♦ Annex I countries include the 24 original members of the Organization of Economic 
Cooperation and Development (OECD), the European Union, and 14 countries with 
economies in transition (Russia, Ukraine and Eastern Europe) 

♦ Annex II countries, which consists of the Annex I count ries minus the economies in 
transition. 

♦ Non-Annex I countries. 

The Convention requires all parties to limit emissions of greenhouse gases.  Annex I parties are 
further required to take actions to return their greenhouse gas emissions to their 1990 levels.12  
Annex I parties also provide annual inventories of greenhouse gas emissions.13  Currently, there are 
185 signatories to the agreement.14 

                                                 
11 Morrisette, P.M., The Evolution of Policy Responses to Stratospheric Ozone Depletion, Natural Resources Journal, 29: 
793-829 (1989). 
12 United Nations Framework Convention on Climate Change, United Nations, 1992.  The official text of the convention can 
be found at http://unfccc.int/resource/docs/convkp/conveng.pdf. 
13 Annex I countries include Australia, Austria, Belarus, Belgium, Bulgaria, Canada, Croatia, Czech Republic, Denmark, 
Estonia, European Community, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, 
Liechtenstein, Lithuania, Luxembourg, Monaco, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian 
Federation, Slovakia, Slovenia, Spain, Sweden, Switzerland, Ukraine, United Kingdom and the United States. 
14 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2003 , DOE/EIA-0573(2003) 
(Washington, DC, December 2004, p. 16. 
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3.1.2 Kyoto Protocol  
The Kyoto Protocol to the UNFCCC was negotiated in 1997.  The Kyoto Protocol set quantified 
greenhouse gas emission targets for Annex I countries, which collectively are about 5 percent lower 
than the 1990 emissions of those countries taken as a group.  Developing countries signing the 
protocol do not have quantified targets.  Each Annex I signatory is assigned a reduction 
commitment ranging from 90 to 110 percent of its 1990 emissions over a 5-year period from 2008 
to 2012.  Specifically, emissions of CO2, methane, nitrous oxide, HFCs, PFCs and SF6, weighted by 
their GWP, are addressed.  The protocol further requires Annex I countries to have made “demon-
strable progress” toward achieving their commitments by 2005.  Some additional provisions of the 
agreement include: 

♦ Annex I countries can transfer parts of their quotas to one another 

♦ Annex I countries can negotiate credits against their own commitment by undertaking 
projects in other Annex I countries 

♦ Annex I countries can band together to reallocate national targets within the group (as has 
been done in the European Union) 

♦ Annex I countries can receive credit for emission reduction projects in non-Annex I 
countries. 

The Clinton administration negotiated and signed the Kyoto Protocol but did not submit it to the 
United States Senate for ratification.  President Bush also did not submit the treaty to the Senate for 
ratification and stated that the U.S. would not agree to the Kyoto Protocol because “it exempts 80 
percent of the world, including major population centers such as China and India from compliance 
and would cause serious harm to the U.S. economy.”15 

Even without U.S. ratification, the treaty entered into force 90 days after 55 countries and Annex I 
signatories with carbon dioxide emissions totaling 55 percent of total Annex I emission in 1990 
ratified or approved the protocol.  These conditions were met in November 2004, with 118 
countries representing 61.2 percent of total 1990 CO2 emissions signing.16  The protocol went into 
effect in February 2005. 

3.2 U.S. Climate Change Initiatives 
Despite not signing the Kyoto Protocol, the U.S. is pursuing a variety of strategies to address the 
issue of global climate change.  President Bush announced these strategies in February 2002 in his 
Global Climate Change Initiative.  This initiative sets a national goal for the United States to reduce 
its greenhouse gas intensity, defined as total greenhouse gas emissions per unit of Gross Domestic 
Product (GDP), by 18 percent between 2002 and 2012 through voluntary measures.  Among the 
measures included in this initiative are: 

Climate Change Technology Program  – multi-agency program to accelerate the development and 
deployment of technologies that can substantially reduce greenhouse gas emissions. 

Climate Change Science Program – a multi-agency research program to provide a sound 
scientific basis for environmental decision-making. 

International Cooperation – continued high level of funding for activities under UNFCCC and 
IPCC as well as bilateral partnerships with other countries to curb emissions. 

                                                 
15 Letter from President Bush to Senators Hagel, Helms, Craig and Roberts, Office of the Press Secretary, The White House 
(March 13, 2001). 
16 Energy Information Administration, Emissions of Greenhouse Gases in the United States 2003 , DOE/EIA-0573(2003) 
(Washington, DC, December 2004, p. 17. 
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Climate VISION Partnership – industrial sector commitments to reduce greenhouse gas 
emissions in the next decade. 

Climate Leaders – an EPA partnership with major companies to develop long-term climate change 
strategies. 

Voluntary Greenhouse Gas Reporting Program  – a program intended to enhance accuracy, 
reliability and verifiability of greenhouse gas reduction measurements as part of the Department of 
Energy’s (DOE’s) greenhouse gas emissions reduction registry. 17 

3.2.1 SF6-Specific Programs 
Since the discovery of SF6’s potential impact on the environment, the EPA has led efforts toward 
reducing SF6 emissions in the United States.  In August 1995, EPA hosted a conference on SF6 and 
proposed the idea of forming an SF6 emissions reduction partnership for electric power systems.  
Working closely with the utility industry, EPA formulated a Memorandum of Understanding 
(MOU), which defined the goals, objectives and reporting requirements for the partnership.  The 
partnership, which is voluntary and non-regulatory, was officially launched in April 1999 with 50 
participating members, representing investor owned, municipal/local, federal/state/district and rural 
cooperative utilities.18  Currently, there are over 60 member utilities, comprising roughly 45 percent 
of the industry. 19 

Participating utilities signing on to the MOU with the EPA agree to the following responsibilities: 

♦ Submitting an annual inventory of SF6 emissions using a standardized inventory protocol. 

♦ Developing a replacement strategy for older SF6-filled equipment that has higher leakage 
rates than newer equipment. 

♦ Establishing SF6 management procedures and ensuring that only trained personnel handle 
SF6 

♦ Developing a company-wide policy for the proper handling of SF6, including a commitment 
to recycling. 

♦ Establishing an emissions reduction goal within 18 months of signing the MOU. 

Similarly, the EPA assumes the following responsibilities: 

♦ Recognizing partners for their achievements in SF6 emissions reduction and protecting the 
environment. 

♦ Identifying protocols for inventorying and reporting SF6 emissions. 

♦ Tracking emissions reductions. 

♦ Serving as a clearinghouse for technical information on successful emission reduction 
strategies. 

♦ Encouraging all utilities with SF6-filled equipment to join the partnership.20 

                                                 
17 Ibid. pp. 14, 16. 
18 U.S. Environmental Protection Agency, SF6 Emissions Reduction Partnership for Electric Power Systems Annual Report – 
2000, (Washington, DC, 2000), p. 1. 
19 U.S. EPA website, http://www.epa.gov/highgwp/electricpower-SF6/accomplish.html 
20 U.S. Environmental Protection Agency, SF6 Emissions Reduction Partnership for Electric Power Systems Annual Report – 
2000, (Washington, DC, 2000), p. 2. 
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Current utility membership is listed in Table 3.  No Maryland-based utilities or municipalities are 
currently members of the Partnership, although Allegheny Power does operate in the State. 

Although not all of the partnership participants report emissions every year, the EPA has collected 
data which show that participants have reduced cumulative emissions of SF6 by 3.44 million metric 
tons CO2 Eq. since 199921 through replacement of older, leaky equipment, better leak detection 
techniques, better training of personnel, and recovery and recycling of SF6 gas. 

The EPA also sponsors a biennial international conference on SF6 and the Environment.  At this 
conference, most recently held in December 2004, representatives of the electric power and 
magnesium production industries meet for discussions about SF6 emission reduction efforts 
worldwide and obtain information on the latest technology available for SF6 leakage abatement.22 

3.2.2 SF6 Emission Reduction Strategies 
To date, most efforts in the U.S. to reduce SF6 emissions have focused on reducing leakage coming 
from SF6-filled equipment.  While there is some leakage of SF6 even from new equipment (usually 
about ½% per year for most newer equipment), there can be much higher leakage rates in 
equipment with damaged or worn seals.  Normal maintenance on SF6-filled equipment can also 
provide an opportunity for SF6 to escape to atmosphere and improperly trained and indoctrinated 
maintenance personnel can exacerbate the problem.  Improper disposal of old SF6-filled equipment 
can also result in release of SF6.  The focus of EPA efforts to reduce SF6 emissions has been in the 
area of leak detection and repair.  EPA has estimated that U.S. SF6 emissions can be reduced by 20 
percent if leak detection and repair is consistently and aggressively implemented by utilities with 
SF6 equipment.23 

Another approach to reducing SF6 emissions is to replace current SF6-filled equipment with 
equipment that does not use SF6.  Because of the almost unsurpassed dielectric and heat transfer 
characteristics of SF6, there has been relatively little progress made in this area, although some 
recent developments show some promise of providing technically feasible and cost-competitive 
alternatives to SF6 use in some applications. 

The following subsections describe some of the current efforts in use to reduce SF6 emissions. 

3.2.2.1 Equipment Redesign/Leak Rate Improvement 
When SF6-filled circuit breakers were first introduced, the environmental consequences of SF6 
release were unknown and the gas itself was relatively inexpensive and readily available.  Thus, the 
design of these breakers incorporated seals for the gas enclosures with a leak rate up to 10 percent 
per year, even though the “guaranteed” leak rate was only 1 percent per year.24  Although an ideal 
design would prevent any leakage, due to the quality of the seal materials, sealing techniques, 
corrosion and a lack of enforcement of the guarantee, this high leakage rate was deemed acceptable 
and tolerated.  In fact, many manufacturers routinely added 10 to 20 percent extra gas to allow for 
leakage.  Even with this rate of leakage, a circuit breaker with this rate of leakage could operate 
effectively for several years before requiring maintenance and refilling of the gas.25 

                                                 
21 U.S. Environmental Protection Agency, SF6 Emissions Reduction Partnership for Electric Power Systems –2003 Annual 
Report, (Washington, DC, July 2004), p. 6. 
22 The proceedings of each of the three conferences held to date are available from the EPA website at 
http://www.epa.gov/highgwp/electricpower-sf6/workshops.html 
23 U.S. Environmental Protection Agency, Office of Air and Radiation, U.S. High GWP Gas Emissions 1990-2010:  
Inventories, Projections, and Opportunities for Reductions, EPA 000-F-97-000 (Washington, DC, June 2001), p. 3-3. 
24 IEC Standard 1634–(1995), High-voltage switchgear and controlgear – Use and handling of sulphur hexafluoride (SF6) in 
high-voltage switchgear and controlgear, p. 35. 
25 Bolin, P., Mitsubishi Electric Power Products, Inc., Manufacturer Guarantees on SF6 Equipment, Proceedings of the 3rd 
International Conference on SF6 and the Environment, 2004, pp. 2-7. 
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SF6 Emission Reduction Partnership  

for Electric Power Systems Membership (July 2004) 

Allegheny Power Manitowoc Public Utilities (WI) 
American Electric Power Memphis Light, Gas & Water Division 
Arizona Public Service Company Menasha (WI) Electric & Water Utilities 
Athens Electric Department MidAmerican Energy 
Austin Energy Montana Power Company 
Bangor Hydro-Electric Company Muscatine (IA) Power & Water 
Big Rivers Electric Corporation Nashville Electric Service 
Bonneville Power Administration National Grid 
CenterPoint Energy Nebraska Public Power District 
Central Maine Power Company New York Power Authority 
Central Vermont Public Service Company North Atlantic Energy 
Cinergy Power Generation Services, Inc. Northeast Utilities Services Company 
City of Monroe (NC) Northern Indiana Public Service Company 
Columbia River Public Utility District Oklahoma Gas & Electric Company 
Commonwealth Edison Oncor (formerly TXU) 
Commonwealth Electric Pacific Gas & Electric Company 
Connecticut Light & Power Company Paragould (AR) City Light & Power 
Consolidated Edison Company of NY, Inc. PUD No. 1 of Douglas County (WA) 
Crisp County (GA) Power Commission PUD No. 1 of Pend Oreille County (WA) 
Duquesne Light Company Rochester Gas & Electric Company 
Edison International Salt River Project Power District 
El Paso Electric Company San Antonio City Public Service Board 
Eugene Water & Electric Board Silicon Valley Power 
FirstEnergy Corporation South Carolina Electric & Gas Company 
Florida Power & Light Company Southern Company 
Fort Pierce Utilities Authority Tennessee Valley Authority 
Grand Island (NE) Utilities Department Texas Municipal Power Agency2 
Hastings (NE) Utilities Village of Prairie du Sac (WI) 
Kings River Conservation District (CA) Wallingford (CT) Electric Division 
Lower Colorado River Authority Wellton-Mohawk Irrigation & Drainage Dist. 
Maine Public Service Company We Energies (WI) 
Table 3  SF6 Emissions Reduction Partnership for Electric Power Systems List of Members26 

                                                 
26 U.S. Environmental Protection Agency, SF6 Emissions Reduction Partnership for Electric Power Systems –2003 Annual 
Report, (Washington, DC, July 2004), pp. 7-8. 
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With the discovery of the adverse effects of SF6 on the environment, equipment manufacturers were 
pressed to reduce the leakage rate of their supplied equipment.  Virtually all manufacturers of high 
voltage switchgear have dramatically reduced the “guaranteed” leakage rate of their SF6-filled 
equipment to less than 1 percent per year.  Additionally, the equipment has been redesigned to use 
less of the gas per installation.  Some international manufacturers have gone even further:  German 
manufacturers have committed to a leak rate of 0.5 percent.27  Mitsubishi is working to establish a 
leak rate limit on its equipment of 0.1 percent as a guaranteed and expected limit.28  Manufacturers 
have also improved their SF6 handling practices in test laboratories, factories and on erection sites, 
which has also contributed to lower emissions although these are not “counted” in the electric 
power industry reduction estimates.29 

In 2004, EPA launched a study to determine actual leak rates of the “improved” circuit breakers 
manufactured between 1998 and 2002.  Three utilities provided leak rate information on 1584 
breakers in the 72 – 550 kV range from four different circuit breaker manufacturers.  These 1584 
breakers had a total capacity of approximately 300,000 pounds of SF6.  Preliminary results of this 
study were presented at the 3rd International Conference on SF6 and the Environment, held in 
December 2004.  Of the 1584 breakers examined, 74 were reported to be leaking.  Some additional 
preliminary results of the study are: 

♦ Average leak rate for all 1584 breakers is estimated to be 0.17 percent per year, translating 
into 510 pounds of SF6 lost per year. 

♦ In general, breakers of lower voltages showed the highest leak rates (up to 22%). 

♦ Average annual leak rate for the four manufacturers varied from a low of 0.10 % to a high of 
4.90%.30 

Although this information is considered preliminary, it does show significant progress has been 
made in the manufacture of high voltage switchgear in reducing SF6 emissions, indicating better 
leak rate performance for equipment installed in the past several years and into the future.  
However, most of the equipment currently installed in utility applications was manufactured prior 
to 1995 and continues to be more prone to leakage.  Replacement of these older breakers requires a 
substantial capital investment on the part of the utilities and will take time until the older equipment 
is replaced with state-of-the art designs.  This is discussed further in Section 3.1.5.3. 

One factor affecting leak rates is the ability to measure the leakage.  Initially, leakage was 
determined by measuring the pressure drop of the gas in the breaker compartment over a period of 
time and extrapolating an estimate of the gas lost.  The breaker was then simply refilled to the 
design pressure and continued to leak, because it was difficult to identify the source of the leak in 
the field.  SF6 leak detection was done using a soapy water solution, hand held gas detectors or 
ultrasonic devices.  These detectors were useful; however extraneous factors such as wind, noise, or 
the thoroughness of the leak detection survey could affect their reliability.  As the price of SF6 
increased and the environmental problems became known, better leak detection techniques were 
developed and implemented. 

                                                 
27 ABB, Statements of Manufacturer and Utility Associations, http://www.abb.com/sf6 
28 Bolin, P., Mitsubishi Electric Power Products, Inc., Manufacturer Guarantees on SF6 Equipment, Proceedings of the 3rd 
International Conference on SF6 and the Environment, 2004, p. 1. 
29 O’Connell, P., Heil, F., Henriot, J., Mauthe, G., Morrison, H., Niemeyer, L., Pittroff, M., Probst, M., and Taillebois, J.P., 
SF6 in the Electric Industry, Status 2000, CIGRE Working Group WG 23.02 Invited Paper, p. 5. 
30 Blackman, J. (EPA) and van der Zel, L. (EPRI), Preliminary Observations from EPA’s SF6 Equipment Field Study, 
Proceedings of the 3rd International Conference on SF6 and the Environment, 2004. 
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A laser- infrared leak-checking device was developed in the mid 1990s in a collaborative effort 
between the Electric Power Research Institute (EPRI) and Laser Imaging Systems (LIS) of Punta 
Gorda, Florida.  This device, known as the EPRI SF6 Camera, allows detection of SF6 leak sites as 
small as 2 pound per year at distances up to 100 feet.  The camera takes advantage of SF6’s strong 
infrared absorption properties.  A laser illuminates a potential leak area with light at a wavelength 
that corresponds with the strong spectral absorption of SF6.  An infrared camera focused on this 
same area displays a real-time image of any leaks, which appear as a plume of black gas.31  This 
technique offers many advantages over traditional methods including the ability to survey a large 
number of gas-filled equipment (such as in a switchyard or substation) in a relatively short period of 
time from a distance and not requiring the equipment to be taken out of service. 

Although the purchase of this system is impractical for smaller utilities from a cost standpoint 
(approximately $100,000)32, several larger operators have invested in this system.  Additionally 
there are currently numerous commercial companies that offer SF6 leak detection using the camera 
on a fee basis, making it available to virtually all utilities that operate SF6-filled equipment. 

3.2.2.2 Improved SF6 Handling Equipment and Procedures 
Concurrent with the improvement in supplied equipment and leak detection, the equipment 
available for SF6 recovery during maintenance and SF6 recovery and handling procedures have also 
improved.  A number of vendors have developed equipment, which allows for temporary 
evacuation of equipment during maintenance, purification of the often-contaminated gas, and 
recharging after maintenance is completed.  These devices, commonly referred to as “gas recovery 
carts,” are being produced in a variety of sizes and capacities so that there is an appropriately sized 
device for utilities with only a small amount of SF6-filled equipment as well as utilities with larger 
and more numerous applications.  Also, as more vendors have entered this market, the costs of 
production have decreased and competitive pressure has lowered the cost.  Most of the units 
available today claim a recovery rate of better than 99.6 percent.33 

According to the EPA, capital costs for this equipment range from around $5,000 to over $100,000, 
with a “typical” cost per utility of $25,500.34  However, EPA estimates that these costs are offset by 
Operating and Maintenance cost savings of $1,600 per year per utility due to reduced replacement 
SF6 purchases.  EPA further estimates that SF6 emissions in 2010 would be reduced approximately 
10 percent of the baseline if all U.S. utilities were to invest in this equipment. 

Going hand- in-hand with better equipment for use in maintenance is the use of consistent and 
thorough procedures for handling of SF6 and better-trained, environmentally aware personnel 
conducting the maintenance or otherwise handling SF6.  To this end, EPA has published a Catalog 
of Guidelines and Standards for the Handling and Management of Sulfur Hexafluoride (SF6).35  
This document, available online at http://www.epa.gov/electricpower-sf6/resources.html, provides a 
listing and cross-reference of available documentation concerning the handling of SF6.  Included in 
this resource are references to reports available at no charge (such as EPA papers and publications) 
as well as other resources available at some cost (such as ASTM or IEC standards).  Although EPA 
does not mandate what procedures must be followed, it does provide examples of procedures 

                                                 
31 Van der Zel, L., EPRI, EPRI SF6 Research - Past Highlights and Future Plans, http://www.epa.gov/highgwp/ 
electricpower-sf6/pdf/van_der_zel.pdf  
32 U.S. Environmental Protection Agency, Office of Air and Radiation, U.S. High GWP Gas Emissions 1990-2010:  
Inventories, Projections, and Opportunities for Reductions, EPA 000-F-97-000 (Washington, DC, June 2001), p. 3-4. 
33 For example, see http://www.dilo.com/MINIplus.html or http://www.enervac.com/gru7.htm. 
34 U.S. Environmental Protection Agency, Office of Air and Radiation, U.S. High GWP Gas Emissions 1990-2010:  
Inventories, Projections, and Opportunities for Reductions, EPA 000-F-97-000 (Washington, DC, June 2001), p. 3-4. 
35 U.S. Environmental Protection Agency, Office of Air and Radiation, Catalog of Guidelines and Standards for the 
Handling and Management of Sulfur Hexafluoride (SF6), (Washington, DC, January 2002). 



 
 

 15 PPRP-138 

implemented by some utilities.36  Likewise, it does not mandate what type of training is required for 
those handling SF6, but does require that partners in its SF6 Emission Reduction Partnership, “. . . 
ensure that only knowledgeable personnel handle SF6. . .”37 

3.2.2.3 Equipment Replacement 
EPA estimates that replacing older, SF6-filled equipment that has high leak rates with newer, low 
leak rate equipment would result in perhaps 50 percent reduction in annual SF6 emissions from the 
older equipment.38  However, the high capital cost associated with this strategy, the lack of a better 
alternative for high voltage breakers and the uncertainty of the rapidly evolving electricity market 
make this an improbable scenario.  Lower voltage circuit breakers (below 34.5 kV) may be replaced 
by vacuum breakers at a cost of between $25,000 and $75,000 per unit.  Medium and high voltage 
breakers are expected to continue to utilize SF6 and cost between $200,000 and $750,000 per unit.39  
Thus, barring legislation or some other compelling reason (such as a complete failure or 
uncontrollable leakage) replacement of currently installed, older SF6 switchgear will be a gradual 
process as equipment is retired at the end of its useful lifetime by most utilities. 

3.2.2.4 Recycling SF6  
Recycling and reuse of SF6 provides another opportunity to reduce emissions.  The gas being 
handled by the gas recovery carts discussed in Section 3.2.2.2 is obviously recycled.  During the 
process of evacuating and refilling a circuit breaker, impurities are removed, including water vapor 
and toxic deposits created by arcing in the breaker.  This restores the gas to a high purity before 
reinsertion into the breaker.  For severely contaminated SF6, the only alternative is to send the gas 
to a processing facility where it is destroyed through burning. 

Although not directly a responsibility of electric utilities, recovery and recycling of SF6 from 
equipment retired from service can significantly reduce total SF6 emissions.  Currently, most OEMs 
will accept retired equipment that they manufactured, remove any enclosed SF6 gas under closely 
controlled circumstances and then recycle or dispose of the gas.  A decade ago, retired equipment 
was often just dumped in landfills where any gas remaining in the equipment would eventually be 
released to the atmosphere. 

Another recycling opportunity being used by several U.S. utilities is closely tracking and weighing 
the cylinders that SF6 is delivered in and returning partial cylinders to the supplier.  This allows 
them to carefully monitor the exact amount of SF6 actually used rather than assuming that an entire 
cylinder’s contents have been used for recharging.  By sending the partial cylinders back to the 
supplier, it also prevents the accidental release of any residual contents in the cylinders.  Most 
suppliers now offer recycling and reuse programs for SF6 to assist customers in achieving their 
emissions reduction goals. 

3.2.2.5 New Technology 
Research and development activities to find alternatives to using SF6-filled equipment have been in 
progress for several years.  Many strategies have been applied to solving this problem including: 

♦ Finding an environmentally acceptable substitute for SF6 

♦ Mixing SF6 with other gases (such as nitrogen (N2)) 

                                                 
36 See Northeast Utilities System procedure, Handling and Use of Sulfur Hexafluoride Gas, at http://www.epa.gov/ 
electricpower-sf6/pdf/sf6_northeast.pdf 
37 See http://www.epa.gov/electricpower-sf6/overview.html 
38 U.S. Environmental Protection Agency, Office of Air and Radiation, U.S. High GWP Gas Emissions 1990-2010:  
Inventories, Projections, and Opportunities for Reductions, EPA 000-F-97-000 (Washington, DC, June 2001), p. 3-3. 
39 Ibid., p. 3-4. 
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♦ Substituting vacuum breakers for SF6-filled circuit breakers 

♦ Developing high voltage solid state circuit breakers 

♦ Using organic oil-cooled transformers to replace mineral oil or SF6-filled transformers 

Finding an Environmentally Acceptable Substitute for SF6 

Finding an environmentally acceptable substitute for SF6 is much more difficult than it might 
appear because those gases which would be environmentally acceptable, such as nitrogen, have low 
dielectric strengths.  To be a good dielectric, a gas must be strongly electronegative.  Electro-
negative gases are normally toxic, chemically reactive and environmentally damaging and have 
decomposition products which are also usually toxic.  Research done in the 1970s and 1980s 
indicates that certain gases such as nitrogen under high pressure might prove acceptable in high 
voltage applications, but the requirement to contain this high pressure would result in larger, 
heavier and sturdier enclosures to contain the gas at high pressure, thus negating many of the 
advantages of SF6-filled equipment.  Also extensive testing to determine the applicability and 
effectiveness of this approach over a wide variety of voltages and operating conditions would be 
required before this technology could be implemented on a widespread basis.40  Given the “ideal” 
characteristics of SF6 and its availability at acceptable cost, OEMs have not shown much interest in 
this concept, and information on research in this area is not widely available. 

Mixing SF6 with Other Gases 
Mixing SF6 with one or more other gases reduces the total amount of SF6 required in a particular 
application.  Mixtures of SF6 with N2, He and other gases have all been proposed, some have been 
tested41 and some are currently in use.  Approximate 50/50 mixtures of SF6 and N2 or CF4 exhibit 
acceptable dielectric properties and are frequently used in electrical equipment located in extremely 
cold (arctic) conditions such as in the Northern U.S. and Canada.42  This is because pure SF6 will 
condense (liquefy) at extremely low temperatures (below -30oC), affecting the arc-quenching 
capability of the breaker.  Another application for mixed SF6 and N2 is in gas insulated transmission 
lines (GIL) where the gas only has to fulfill an insulating function.  A 10%/90% ratio of SF6 to N2 
has proven to be effective in this application, which has been applied in GIL installations primarily 
in Europe.   

Although both of these applications provide environmental and cost benefits (in terms of amount of 
SF6 that must be purchased), the performance of the mixtures is inferior to that of pure SF6.  This 
has the general consequence that existing equipment must always be de-rated or redesigned when 
SF6 is replaced by a mixture.43  Additional problems arise when the gas mixtures must be separated.  
Although existing gas recycling equipment (carts) are acceptable for handling and purifying gas 
mixtures on-site, in those cases where the gas cannot be recycled, the SF6 and nitrogen must be 
separated cryogenically before the SF6 can be destroyed by burning.44 

                                                 
40 Christophorou, L.G., Olthoff, J.K. and Green, D.S., Gases for Electrical Insulation and Arc Interruption:  Possible Present 
and Future Alternatives to Pure SF6, NIST Technical Note 1425, (Washington, DC, November 1997), p. 5-6. 
41 Ibid., p. 29. 
42 See Middleton, R.L., Manitoba Hydro, Cold-Weather Application of Gas Mixture (SF6/N2, SF6/CF4) Circuit Breakers:  A 
Utility User’s Perspective, Proceedings of the Conference on SF6 and the Environment:  Emission Reduction Strategies, 
November 2000 
43 Niemeyer, L., ABB, CIGRE Guide for SF6 Gas Mixtures.  Application and Handling in Electric Power Equipment, 
Proceedings of the Conference on SF6 and the Environment:  Emission Reduction Strategies, November 2000, pp. 1-3. 
44 Ibid., p. 5. 
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Substituting Vacuum Breakers for SF6-Filled Circuit Breakers 
As mentioned previously, it is possible to replace lower voltage breakers (below 34.5 kV) with 
vacuum breakers.  Vacuum breaker technology has improved over the past two decades to the point 
where it is a viable choice to replace medium voltage SF6 circuit breakers (up to 38 kV) in most 
applications.  Vacuum breakers offer the advantages of incorporating a less complex design, lower 
maintenance, fewer failures and higher reliability.45  The primary drawback to using vacuum circuit 
breakers is that the integrity of the vacuum, which is critical to their correct operation cannot be 
monitored, unlike SF6-filled circuit breakers where leakage can be monitored, detected and 
corrected before failures occur.  Also, vacuum circuit breakers are limited to a maximum of 38 kV 
which makes them unacceptable for use in high and extra-high voltage (HV and EHV) systems, 
used in electrical transmission and distribution systems.  Most European breaker manufacturers 
have embraced this technology for their medium voltage breaker offerings as have some U.S. 
manufacturers. 

Developing High Voltage Solid State Circuit Breakers 
The Electric Power Research Institute (EPRI) is sponsoring research to develop a solid-state 
current- limiting device as an alternative to SF6-filled circuit breakers.  Instead of mechanical 
components as in current circuit breakers, high voltage semiconductors would be employed to 
electronically interrupt current flow.  In addition to replacing existing SF6 circuit breakers with a 
non-SF6 device, the solid state current limiter (SSCL) would have no moving parts, making it ideal 
for remote sites where maintenance is difficult, even under very frequent switching.  Additionally, 
it should improve power quality for sensitive loads and prolong the lives of transformers, which 
would no longer be subject to destructive high current faults.  The primary drawback to use of these 
devices is the very high costs associated with the development of this technology and the capital 
cost of the new devices.  Another disadvantage is the anticipated required cooling of the 
semiconductor components, which would generate large amounts of heat. 

Work began on this project in 2002 with mathematical simulations of the circuit, followed by lab 
tests at low voltages.  The project is now in its second stage with the development of a medium 
voltage current limiter followed by a “transmission class” current limiter.  Field trials for the 
medium voltage device are currently scheduled for 2006, while the high voltage device is scheduled 
to begin field testing in 2008.  The contractor on this project has been tasked to find design 
approaches and manufacturing methods, which will hold down the cost of these devices, with the 
goal of developing a product that would cost no more than three to four times that of a conventional 
circuit breaker.46  As with past semiconductor technologies, it is expected that the price would 
eventually drop into a competitive range with mass production and efficient production.   

Using Organic Oil-Cooled Transformers 
One alternative to using SF6-filled transformers is employing non-mineral oil (soy oil, often 
referred to as seed oil) as the cooling medium in large transformers.  Traditional mineral oil- filled 
transformers have the disadvantage of containing a flammable liquid, which is also harmful to the 
environment.  Fire suppression systems are required for large transformers, there are minimum 
separation requirements for components and structures near these transformers and provisions are 
required for oil containment in case of a transformer rupture. 

Substituting seed oil for mineral oil (or SF6) in these transformers can offer major advantages.  
First, because the fire point of seed oil is high (360oC versus 155oC for mineral oils), chances of an 
oil-based fire in the transformer are reduced and fire suppression systems are unnecessary.  Because 

                                                 
45 Wyle Technologies, http://www.wyleabs.com/vcb.html 
46 See www.epri.com/destinations/product.aspx?id=439 
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the risk of fire is low, these transformers may be located closer to other equipment or structures, 
resulting in reduced switchyard areas.  Handling, containment and disposal of used seed oil are 
simplified because it rapidly and completely biodegrades and is non-toxic.  Additionally, some test 
results indicate that use of seed oils extends the life of transformer internal parts in both new 
transformers and retrofitted applications. 

Currently, there are over 6000 seed oil- filled transformers in service with utilities and the U.S. 
Navy.  Although the initial cost is somewhat higher than traditional, mineral oil- filled transformers, 
users have justified the increased cost based on the expected increased lifetime, and the 
environmental and fire safety benefits.47  

3.3 Programs in Other Countries 
Efforts to reduce GHG emissions in the U.S. (and SF6 emissions in particular) have focused on 
voluntary actions.  In the case of SF6, these efforts have shown favorable results.  Since 1990, 
estimated SF6 emissions from the electrical transmission and distribution industry have decreased 
52 percent.48  Although efforts to reduce SF6 emissions in other countries parallel the U.S. efforts, 
certain countries have taken different approaches to solving the problem.  This section describes 
some of those efforts. 

3.3.1 European Union 
The European Union (EU) has committed to its Kyoto Protocol GHG emission reduction target of 
8% for the period 2008 – 2018 and is attempting to implement legislation, binding on member 
countries, which would dictate methods for reducing such emissions.  Most of the current proposals 
addressing SF6 emission reductions are focused at industries other than the electric power supply 
industry.  The proposed legislation addresses six major items: 

♦ Recovery Measures 
♦ Training and Certification 
♦ Labeling 
♦ Use Restrictions 
♦ Marketing Prohibitions 
♦ Data Reporting 

The proposed legislation does not address any requirements applying to SF6-filled electrical 
equipment.  The rationale behind this is that emissions from such installations during operation are 
very small as a result of voluntary efforts by the industry.  However, the legislation does require 
operators of high voltage equipment to ensure the proper recovery of SF6 by certified personnel for 
recycling, reclamation and destruction.  Other industries, such as the magnesium casting industry, 
are also required to recover SF6 from other applications, provided “it is technically feasible and 
does not entail disproportionate cost.”49 

The legislation establishes minimum requirements for certification of personnel undertaking the 
recovery of SF6.  These requirements would provide for mutual recognition of certification between 
the member countries. 

                                                 
47 Avery, P., Cooper Power Systems, SF6 Alternatives, Proceedings of the 3rd International Conference on SF6 and the 
Environment, 2004. 
48 U.S Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1900-2003, EPA-430-R-
05-003 (Washington, DC, April 15, 2005), p. 170. 
49 Horrocks, P., European Commission, Environmental Division, EU Proposed Legislation on Fluorinated Greenhouse 
Gases – the Case of SF6, Proceedings of the 3rd International Conference on SF6 and the Environment, 2004, p. 5. 
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All high and medium voltage switchgear containing SF6 sold in the EU will be required to be 
prominently labeled as containing SF6 and information indicating that SF6 is a fluorinated 
greenhouse gas.  This applies to hermetically sealed systems and components as well as larger, user 
serviceable switchgear such as breakers and gas-filled transformers. 

Use of SF6 as a cover gas would be restricted in the magnesium casting industry.  Larger companies 
would be required to cease using it entirely by 2008, while smaller companies would be exempted.  
Use of SF6 to fill automobile tires would be banned entirely. 

Other marketing restrictions would ban:  delivery of SF6 in non-refillable containers; sale of both 
residential and commercial window products filled with SF6; sale of footwear containing SF6; and 
sale of tires filled with SF6. 

The legislation would require producers and importers of SF6 and other fluorinated gases to report 
the amount of each fluorinated gas placed on the market and indicate the main categories of use.  
Quantities of recycled, reclaimed or destroyed gases would also have to be reported annually.  
Exporters would have to report total exports, but not end-use applications.  This information would 
be used to establish a database to estimate continuing emissions of these fluorinated gases. 

The projected impact of this legislation is to reduce GHG emissions from all fluorinated gasses by 
21 million metric tons CO2 Eq. by 2012, with approximately 1/3 of this amount resulting from 
reduction of SF6 emissions, mainly from the magnesium casting industry. 50 

One of the reasons operators of high voltage electrical equipment in the EU have been “exempted” 
from some of this legislation is the success of voluntary SF6 emission reduction efforts within the 
industry.  The Co-coordinating Committee for the Associations of Manufacturers of Industrial 
Switchgear and Control Gear in the European Union (CAPIEL) estimates that combined SF6 
emissions from the electricity production and equipment manufacturing industries in Italy, UK, 
France, Spain, the Netherlands and Germany have decreased 70% since 1995, corresponding to a 
reduction in emission rate from 9% to 3.3% of consumption. 51  These improvements are attributed 
to improvements in switchgear design, reduction of emissions during manufacture, improved 
handling and filling procedures on site, better monitoring in service, using “sealed-for- life” 
techniques for smaller equipment, targeting equipment with leakage problems for replacement and 
improved end-of- life recovery and recycling. 

3.3.2 Australia 
Although, like the United States, Australia did not ratify the Kyoto Protocol, the government has 
expressed the desire to play an effective part in international efforts in limiting GHG emissions.  
Australia’s approach to limiting emissions of synthetic GHGs has been to control supplies of the 
gases through licensing and regulation.  To date, most efforts to control emissions of synthetic 
GHGs have focused on the air conditioning and refrigeration industries.  

SF6 is not currently accounted for in Australia due to “uncertainty in estimates” from industries that 
use SF6.

52  Australia is currently implementing a reporting template for SF6 on a trial basis, and 
most Australian electricity transmission and distribution companies are participating. 

                                                 
50 Horrocks, P., European Commission, Environmental Division, EU Proposed Legislation on Fluorinated Greenhouse 
Gases – the Case of SF6, Paper Presented at the 3rd International Conference on SF6 and the Environment, 2004, p. 21. 
51 Bessede, J-L., Inchaussti, J.M., Knobloch, H., Theoleyre, S., and Endre, T., CAPIEL, Management of SF6 Emissions from 
T&D HV Equipment in the European Union, Paper Presented at the 3rd International Conference on SF6 and the Environment, 
2004, p. 9. 
52 Clarke, R., Australian Government, Department of the Environment and Heritage, Australian Greenhouse Office, 
Australia’s Approach to High Global Warming Potential Gases, Paper Presented at the 3rd International Conference on SF6 
and the Environment, 2004  
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3.3.3 Japan 
Because electricity demand continues to grow rapidly in Japan and space to construct is at a 
premium, the use of SF6-filled equipment is extensive.  To support their domestic requirements for 
SF6, Japan became one of the world’s major producers of the gas in the 1990s.  Prior to 1995, 
emissions of SF6 were estimated to be approximately 650 (15.5 Tg CO2 Eq.) metric tons per year, 
with approximately 50 (1.2 Tg CO2 Eq.) tons being emitted by electric power companies.53  In 1998 
a voluntary action plan by electric power companies and equipment manufacturers was announced 
to reduce SF6 emissions.  The plan addressed reduction of emissions during gas production, 
manufacturing, installation, maintenance and equipment removal and disposal and set emissions 
goals for each phase. 

Although some efforts have been more effective than others and improvements for less-effective 
efforts have been identified, overall the program has been successful.  The total inventory of SF6 
used by utilities increased at an annual rate of 4.3% from 6600 tons in 1996 to 8600 tons in 2003, 
but emissions dropped from 493 tons in 1996 to 50 tons in 2003.  Prior to beginning the program, 
emission rates were approximately 30% at manufacture and 40% during maintenance, the emissions 
rates have dropped to approximately 3% and 2% respectively.54 

3.3.4 Taiwan 
The needs for electricity and the need for compactness in design and construction of electrical 
equipment are the same in Taiwan as they are in Japan.  Unlike Japan, a single utility, Taipower, 
serves the entire country.  Taipower has developed procedures for all aspects of SF6 handling, 
including installation, maintenance and disposal and uses gas recovery equipment whenever 
servicing SF6 equipment.  The Taiwan government, through the Taiwan EPA provides the electric 
power industry with personnel training regarding SF6 handling, which ensures consistency. 55  No 
results indicating the success of these programs are available, but it is believed that SF6 emissions 
are decreasing if for no other reason than the consistent training and application of good 
maintenance practices. 

                                                 
53 Aoyama, T. and Sugimur, E., The Federation of Electric Power Companies and The Japan Electrical Manufacturers’ 
Association, The Situation of Reduction in SF6 Emission from Gas-Insulated Electrical Equipment in Japan, Proceedings of 
the 3rd International Conference on SF6 and the Environment, 2004, p. 2. 
54 Ibid., p. 7. 
55  Leu, C-H., Industrial Technology Research Institute, Center for Environmental, Safety and Health, SF6 Emissions 
Abatement Strategy in Taiwan, Paper Presented at the 3rd International Conference on SF6 and the Environment, 2004, p. 5  
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4.0 SURVEY OF SF6 EQUIPMENT IN THE STATE OF MARYLAND 

The research conducted under this project included: 1) a survey of SF6 equipment currently 
installed (or being planned for installation) and in use at power plants and in the electrical 
distribution system in Maryland, 2) an attempt to quantify potential leakage of SF6 from this 
equipment, and 3) an investigation of methodologies for reducing such leakage. 

The methodology used to perform this research was: 

♦ A questionnaire was developed for soliciting information from utilities, municipalities, 
industrial facilities, cooperatives and independent power producers operating power plants 
or transmission and distribution systems in Maryland. 

♦ The surveys were distributed to these prospective participants under the auspices of the 
Maryland Power Plant Research Program. 

♦ Survey results were collected and analyzed. 

♦ Non-responding companies were contacted to solicit responses or to determine why those 
companies did not respond. 

The questionnaire requested each participant to provide 1) an inventory and description of each SF6 
insulated circuit breaker installed at its facility or in its system; 2) an inventory and description of 
any gas- insulated transmission lines and busses installed; 3) an inventory and description of any SF6 
gas insulated transformers installed; 4) information on SF6 leakage, detection, tracking and handling 
procedures; 5) an estimate of measured or estimated SF6 leakage over the past 5 years; 6) a brief 
description of SF6 operating and maintenance practices; and 7) a brief description of SF6 equipment 
maintenance training and qualification. 

A copy of the survey questionnaire is included in Appendix A to this report.   

The survey was mailed in October 2004 to the following companies/systems: 

Transmission and Distribution Companies 
 Allegheny Power 
 Baltimore Gas and Electric 
 Conectiv Power Delivery 
 Potomac Electric Power Company (PEPCO) 
 
Municipal Systems 
 Berlin Municipal Electric Plant 
 Easton Utilities Commission 
 City of Hagerstown, Light Department 
 Thurmont Municipal Light Company 
 
Cooperatives 
 A&N Electric Cooperative 
 Choptank Electric Cooperative 
 Somerset Rural Electric Cooperative 
 Southern Maryland Electric Cooperative, Inc. 
 
Generating Companies 
 Constellation Generation Group 
 Mirant Mid-Atlantic, LLC 
 PEPCO 
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 Potomac Edison Co. 
 AES 
 ISG Sparrows Point, LLC 
 Conectiv Energy Supply 
 Covanta Montgomery Inc. 
 Domino Sugar Corp. 
 Exelon Corp. 
 Maryland Environmental Service 
 Viersen & Cochran 
 Panda-Brandywine LP 
 Westvaco Corporation 
 Wheelabrator Environmental Systems (BRESCO) 

4.1 Survey Response 
Survey recipients were requested to complete and return the survey forms within 30 days of receipt.  
Initial response was much less than expected, with only four responses received (including only one 
“major” transmission and distribution (T&D) company) within the initial 30-day period.  After 45 
days, follow-up telephone calls were made to survey addressees to solicit more responses or to 
determine why addressees had not responded. 

As a result of this telephone canvas, two additional responses were generated, including one 
additional response from a “major” transmission and distribution company. 

During the telephone canvas, a few addressees indicated that they had no SF6-filled equipment and 
saw no need to respond to the survey.  Others expressed the opinion that since there is no legislated 
requirement to track or report SF6 emissions, response to this survey would “invite regulation and 
reporting requirements” in the future, adding to their already substantial reporting requirements.  
One major T&D company declined to respond based on the report of several of its employees who 
had attended the International Conference on SF6 and the Environment held in early December 
2004.  These employees concluded that since SF6 emissions constitute such a low percentage of 
total GHG emissions, voluntary reporting of the company’s SF6-related information would have 
negligible impact on the total problem and would invite governmental intervention and regulation. 

It is interesting to note that most companies that had SF6 equipment, but declined to participate in 
the survey, stated off the record that they did have some sort of monitoring/tracking program in 
place for SF6. 

Responses were received from the following types of companies: 

♦ Transmission & distribution companies – 2 (of 4) 

♦ Municipal systems – 1 (of 4) 

♦ Cooperatives – 0 (of 4) 

♦ Generating companies – 4 (of 15) plus 2 whose results were included under Transmission 
& distribution companies 

4.2 Analysis of Results 
Because of the limited number of responses received, it is difficult to draw conclusions based on the 
data reported.  However, certain patterns emerged in the data provided.  Reported information on 
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equipment leak rates from respondents was compared to analytical models used by EPA56 to 
estimate SF6 emissions nation-wide.  These models were then used to extrapolate estimates of SF6 
emissions from electrical utilities in the State of Maryland.  

Results from the received surveys and extrapolated results are presented in the following 
subsections. 

4.2.1 Received Data 
Although the survey form requested that information be presented in a particular tabular format, 
most respondents provided their SF6 equipment inventory information in a format convenient for 
them.  Therefore information received was not necessarily consistent from one respondent to the 
next.  For example, one transmission and distribution company reported an inventory of equipment 
in Maryland, but provided a system-wide (multi-state) total leak rate.  Also, not all information 
requested (e.g., manufacturer identification) was submitted in each case.  The following paragraphs 
present responses to the various parts of the survey by participants. 

Part 1 – Inventory of SF6 Gas Insulated Circuit Breakers 
All respondents with SF6 insulated circuit breakers completed at least some items in this section of 
the survey.  Requested information included:  1) circuit breaker location, 2) circuit breaker tag 
number, 3) circuit breaker manufacturer, 4) circuit breaker model, 5) circuit breaker voltage, 6) date 
placed in service, 7) SF6 weight (in lb.) and 8) actuator power.  Responses received provided 
information that allowed compilation of the data in Table 4. 

Respondent  # of SF6 Circuit Breakers Total Weight of SF 6 (lb.) 

T&D Company A 440 34,168 

T&D Company B 151 16,117 

Municipal System 9 5 

Generating Company A 2 30 

Generating Company B 1 5 

Generating Company C 0 N/A 

Generating Company D 2 128 

Total Reported 605 50,453 

Table 4  Compiled SF6 Circuit Breaker Data from Survey Respondents 

From Table 4, it can be seen that the vast majority of SF6 (99.6%) resides with the major T&D 
utilities that responded to the survey.  The smaller responding companies had only a few SF6 circuit 
breakers each.  These results are as expected, since the smaller companies do not have extensive 
high voltage transmission and distribution networks which would naturally utilize SF6 switchgear. 

                                                 
56U.S Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1900-2003, EPA-430-R-05-
003 (Washington, DC, April 15, 2005), pp. 170-174. 
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Part 2 – Inventory of SF6 Gas Insulated Transmission Lines and Busses 
Requested information in this section included:  1) transmission line/bus location, 2) transmission 
line name/bus location, 3) equipment manufacturer, 4) equipment model, 5) equipment voltage, 6) 
date placed in service, 7) SF6 weight (in lb.). 

None of the respondents indicated that they had any SF6 gas insulated transmission lines or busses. 

Part 3 – Inventory of SF6 Gas Insulated Transformers 
Requested information in this section included:  1) transformer location, 2) transformer tag number, 
3) transformer manufacturer, 4) transformer model, 5) transformer primary voltage, 6) transformer 
secondary voltage, 7) date placed in service and 8) SF6 weight (in lb.). 

None of the respondents indicated that they had any SF6 gas insulated transformers. 

Part 4 – SF6 Leak Detection and Leakage Estimate 
Only those respondents with SF6 circuit breakers completed this section.  As shown in Appendix A, 
respondents were asked a series of questions regarding their SF6 leak detection equipment, 
frequency of monitoring, tracking practices and methods, and historical leakage from equipment for 
the past 5 years. 

Responses fell into two general categories:  large T&D utilities and all others.  Both responding 
T&D companies utilized leak detection equipment with one using its own laser imaging camera, a 
photo ionization device and traditional liquid bubble testing and the other contracting outside 
contractors to monitor leakage using laser imaging cameras.  Both conducted leak monitoring on 
extra high voltage (EHV or greater than 345 kV) equipment monthly; one also monitored all SF6 
breakers monthly while the other monitored non-EHV breakers quarterly.  Both companies tracked 
SF6 leakage from installed components:  one by recording the amount of makeup gas for each piece 
of equipment during maintenance, the other by conducting an annual inventory of stored gas and 
purchases of makeup gas.   

Reported SF6 leakage rates from the two T&D companies are shown in Table 5.  Because of 
differences in the way in which the two companies reported leakage, the results in the table have 
been “normalized” by presenting the data in percent of total inventory.  One company reported an 
annual leak rate expressed in percentage of capacity (without reporting total capacity by year); the 
other reported leakage in pounds for each year along with installed capacity for that year.  However 
these results were for their entire system, not just the breakers installed in Maryland. 

The other reporting companies (representing a total of only 14 circuit breakers with 168 lb. of SF6) 
reported using less sophisticated methods for SF6 leak detection.  One company used liquid bubble 
testing, another owned a halogen leak detector and a third relied solely on a low pressure alarm 
mounted on the breaker.  The fourth company stated that they did no leak testing or monitoring 
themselves, but relied on the manufacturer’s warranty claim that the units were sealed and would 
not leak.  None of these companies indicated that leak detection of their SF6 breakers was a 
preventive maintenance item; rather they relied on long-term observation and would refill or repair 
leaking components as a corrective maintenance item. 

Two of these companies indicated that they had experienced no leaks to date from their SF6 
breakers; a third stated that their only breaker had been installed a short time ago and they had no 
operating or maintenance experience with it.  Since these companies had never had to deal with SF6 
leakage, they were very vague in how they would deal with the problem should it occur.  The fourth 
company stated that it had to add SF6 to one of its breakers shortly after it was installed, but had 
experienced no leakage since. 

The total leakage reported by these four companies was 10 lb. of SF6 in 1999, but none since. 
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Year 
T&D Company A 

(Reported %) 
T&D Company A 
(Calculated lb.) 

T&D Company B 
(Calculated %)  

T&D Company B 
(Reported lb.)  

1999 5% 1708 NR* NR* 

2000 6% 2050 1.5% 1372 

2001 3% 1025 2.5% 2399 

2002 3.5% 1196 2.2% 2893 

2003 3% 1025 0.7% 719 
*Not Reported 

Table 5  Reported SF6 Leak Rates from T&D Companies 

Part 5 – Operation and Maintenance Practices 
Part 5 of the survey requested information from respondents on their operation and maintenance 
practices relating to SF6 equipment.  Response to this part of the survey followed the pattern of the 
previous part.  The large T&D companies had written procedures for General SF6 Handling, 
Routine Inspection/Leak Detection, Preventative Maintenance and Major Maintenance.  The T&D 
company that owned its own gas recycling equipment also had written procedures for its use (Dilo 
equipment).  This company also performed all of its SF6-related maintenance using its own 
personnel and did not contract out for SF6 services.  The other T&D company used ABB, Xenon 
Specialty Gases, and Dilo to perform SF6 services.  The first T&D company stated that it purchased 
its replacement SF6 from AGA Industrial Gases; the second T&D company used AGA Industrial 
Gases as its SF6 supplier although it had purchased no SF6 in the past 10 years.   

Among the smaller reporting companies, only one reported that they have written SF6 handling 
procedures in place.  Two companies indicated that they have written preventative maintenance 
procedures in place, but follow-on responses indicated that these procedures may not include the 
SF6 equipment.  Three of the four indicated that they use no outside contractors for SF6-related 
work – however, this most likely is because they have not had any problems with their SF6 
equipment to date.  One respondent indicated that all maintenance for their breakers is the 
responsibility of their original equipment manufacturer (OEM); another indicated that it contracts 
out all maintenance on their SF6 equipment to the T&D company to which they are interconnected. 

Part 6 – SF6 Gas Insulated Equipment Maintenance Training & Qualification 
Part 6 of the survey requested information on SF6-related equipment maintenance training and 
qualification.  Three of the 6 respondents with SF6 equipment indicated that they had formal, in-
house administered training for SF6 handling in place.  Two of these companies (the T&D 
companies) indicated that the duration of their training in SF6 handling was 4 hours; the other 
company had a half-hour course in place.  One of the T&D companies indicated that it also had 
formal, in-house training in place for operating SF6 recycling equipment. 

Three respondents (including the two T&D companies) indicated that they have formal, in-house 
training programs of varying length for each type of SF6 equipment installed in their systems.  None 
of the companies responding indicated that they use any contractor-based training for SF6 
equipment training, although one T&D company indicated that it sometimes sends personnel to 
equipment maintenance refresher training.  Four companies indicated that they have formal 
qualification programs for those personnel involved in SF6-related handling and maintenance.  
These qualification programs take on various forms:  only two require both a written test and 
practical test, two have no formal testing requirements at all.  Two of the respondents (those with 
written testing and a practical test) also require periodic retraining and requalification. 
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Summary of Results 
Although the overall response to the survey was much lower than expected, the responses indicate 
that the greatest concentration of SF6 circuit breakers are used by the major transmission and 
distribution utilities.  And, as might be expected, these companies have in place more detailed and 
thorough programs for monitoring SF6 leaks and mechanisms in place to train and qualify personnel 
in the safe and proper handling of SF6.  The programs and mechanisms of the smaller companies 
with far fewer SF6 breakers and much lower SF6 inventory are generally much less sophisticated 
and informal and, in some cases, nonexistent.  From the responses submitted by the two major T&D 
utilities, the overall trend indicates that emissions of SF6 are decreasing, presumably because of 
better leak detection technology and maintenance practices.  This corresponds with the EPA’s 
estimates of SF6 emissions which indicate that emissions from electric power companies have 
decreased every year since 1997.57 

4.2.2 Extrapolated Results 
Since response to the survey was much lower than expected, it would be impossible to estimate the 
total annual leakage of SF6 into the environment from Maryland companies with SF6-filled 
equipment based on the received data alone.  For several years, EPA has been using regression 
equations to estimate the annual SF6 emissions from electric power companies in the United States.  
The EPA has received emissions data from the utilities that participate in the voluntary SF6 
Emission Reduction Partnership for Electric Power Systems since 1999.  In order to estimate 
emissions from all utilities, however, including those not participating in the program or partners 
that did not report in a particular year, a method of estimating total emissions was developed. 

Since 1999, EPA has been estimating total SF6 emissions from the electric power industry based on 
the reports of partnership participants and estimates based on non-participants’ (and non-reporting 
companies’) miles of transmission lines.  In this analysis, transmission lines are defined as lines 
carrying current at voltages above 34.5 kV. 

Between 1999 and 2003, utilities participating in the EPA program owned between 31 and 35 
percent of total transmission line miles.58  Emissions of non-partner and non-reporting utilities were 
estimated using the results of a regression analysis, which showed that emissions from reporting 
utilities are strongly correlated with transmission miles. 

Since most SF6-filled equipment is used in high voltage applications above 34.5 kV, a physical 
relationship between transmission miles and emissions of SF6 is apparent.  EPA also distinguishes 
between “large” and “small” transmission companies, with large companies defined as those with 
over 10,000 miles of transmission lines.  A further distinction is made between non-partner utilities 
and non-reporting partners.  This is because non-reporting partners are assumed to have 
implemented means to reduce SF6 emissions, and their emissions parallel the reductions of the 
reporting partners.  Non-partner utilities, on the other hand, are assumed not to have implemented 
any changes that would have reduced emissions over time. 

The result of the regression analysis is a series of coefficients, updated annually, which EPA then 
uses to calculate non-reporting and non-partner utility emissions for a given year.  For 2003, the 
calculated coefficients are: 

                                                 
57 Ibid., p. 170. 
58 Ibid., p. 171. 
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Non-partner small utilities (in kg of SF6): 

   Emissions = 0.874 x Transmission Miles 

Non-partner large utilities (in kg of SF6): 

   Emissions = 0.558 x Transmission Miles 

Non-reporting partner small utilities (in kg of SF6): 

   Emissions = 0.398 x Transmission Miles 

Non-reporting partner large utilities (in kg of SF6): 

   Emissions = 0.387 x Transmission Miles 

To estimate the total annual SF6 emissions from Maryland utilities, an estimate of miles of high 
voltage transmission line in Maryland was developed using information from the UDI Directory of 
Electric Power Producers (1998 edition).  From this resource, it is estimated that there are 
approximately 3800 miles of high voltage transmission lines in the State.  Of this total, 
approximately 450 miles are owned by a partner utility, leaving 3350 miles owned by other, non-
partner utilities.  Since no utility operating in Maryland has more than 10,000 system-wide miles of 
transmission lines, the coefficients for small utilities are used.  To calculate total annual emissions: 

Emissions from Maryland non-partner utilities = 0.874 x 3350 = 2927.9 kg SF6 

Emissions from Maryland partner utility = 0.398 x 450 = 179.1 kg SF6 

Total annual Maryland emissions = 3107.0 kg SF6 

For the two reporting T&D utilities, the calculated results were compared to reported leakage in 
2003.  For T&D Company A, calculated emissions were 1138.4 kg compared with 465.9 kg 
reported; for T&D Company B, calculated emissions were 179.1 kg compared with an estimated 
50.4 kg reported.  T&D Company A has in place many of the recommended practices that EPA 
Partnership members are assumed to employ.  Therefore, for purposes of this analysis, it was 
assumed that calculated emissions from T&D Company A should use the same coefficient as that 
used for partner utilities.  Applying this coefficient for T&D Company A results in calculated 
emissions of 517.4 kg of SF6 for 2003 compared with 465.9 kg reported. 

Applying this methodology, the revised calculations for total annual emissions of SF6 in the state 
are: 

Emissions from Maryland non-partner utilities = 0.874 x 2050 = 1791.7 kg SF6 

Emissions from Maryland partner utility = 0.398 x 450 = 179.1 kg SF6 

Emissions from T&D Company A = 0.398 x 1300 = 517.4 kg SF6 

Total annual Maryland emissions = 2488.2 kg SF6 

When the GWP factor for SF6 is applied to the total Maryland SF6 emissions, the result is 0.055 Tg 
CO2 Eq., which is less than one-half of 1 percent (0.41%) of the 2003 total EPA-estimated U.S. SF6 
emissions of 13.4 Tg CO2 Eq.59.  According to the U.S. Census Bureau, Maryland had 0.28 % of 
the land area of the United States and 1.9% of the total United States 2003 population60, so this 
estimate does not appear unreasonable. 

                                                 
59 Ibid., p. 174. 
60 http://quickfacts.census.gov/qfd/states/24000.html 
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The EPA estimate based on the regression analysis has an uncertainty of -13/+14 percent.  Applying 
this to the Maryland estimate gives an upper bound of 0.063 Tg CO2 Eq. and a lower bound of 
0.048 Tg CO2 Eq.  Based on the survey data received, all respondents reported lower leakage in 
reported years than that calculated using the regression coefficients for the individual utility.  
Therefore, the lower bound probably represents a truer estimate of actual emissions. 

4.3 Conclusions 
Although the number of Maryland utilities responding to this voluntary survey was disappointing, 
data received from respondents indicates that SF6 emissions are decreasing and that the major 
owners of SF6-filled equipment are taking effective leak detection and other maintenance measures 
to continue this reduction.  Survey responses indicated that those major Maryland utilities with 
significant high voltage transmission equipment are by far the heaviest users of SF6-filled 
equipment.  Emissions from the four major public T&D companies in Maryland account for 
approximately 87% of total SF6 emissions in the state. 

The major users of SF6 equipment also have invested in formal training for their personnel and 
sophisticated leak detection equipment.  Smaller utilities and cooperatives have not invested in 
training or equipment and some contract other firms to maintain their SF6 equipment. 

Based on the results, it is anticipated that the major Maryland utilities will continue to improve their 
leak rates as older equipment is replaced, although the rate of improvement may diminish (as 
mirrored in the EPA inventory results).  The smaller utilities, which contribute a minor percentage 
of total Maryland SF6 leakage, will probably not improve total emissions barring legislation or 
other compelling reasons (and may actually increase leakage as older air and oil circuit breakers are 
replaced with SF6 equipment). 

Overall, compared to the contribution of fossil fuel combustion by utilities and in automobiles, the 
greenhouse gas contribution of SF6 emissions from Maryland companies constitutes a very small 
percentage of total greenhouse gases generated in the State. 
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5.0 CURRENT BEST PRACTICES CONCERNING USE AND HANDLING OF SF6 IN THE 
ELECTRIC UTILITY INDUSTRY 

5.1 EPA Programs 
Leading U.S. efforts to develop and implement a set of “best practices” for the use and handling of 
SF6 has been the EPA.  Through its SF6 Emissions Reduction Partnerships for Electric Power 
Systems and the Magnesium Industry and the PFC Reduction/Climate Partnership for the 
Semiconductor Industry and the Voluntary Aluminum Industrial Partnership (VAIP), EPA has 
established a framework under which companies in these industries can develop efficient and cost-
effective strategies to reduce SF6 emissions. 

Under the SF6 Emissions Reduction Partnership for Electric Power Systems, EPA is working to 
share information on best practices and technical issues that can help reduce emissions.  As part of 
these efforts, EPA also sponsors SF6 conferences where partners and others from the industry can 
stay informed of the latest developments in this area.  To date, the most promising and cost-
effective options to reduce SF6 emissions identified are: 

• Leak detection and repair 

• Use of recycling equipment 

• Improved employee education/training 

When a company joins the partnership, they commit to ensuring that only knowledgeable and 
trained employees will handle SF6 by implementing company-wide policies for proper handling.  
They also agree to establish emissions reduction goals and strategies.  They further commit to 
implementing recycling of SF6, and annual inventorying and reporting SF6 emissions.  For its part, 
EPA assists member companies in achieving their emission reduction goals by serving as a 
clearinghouse for technical information collected from other member companies and outside 
sources, providing a standard protocol to inventory, track and report SF6 emissions.  EPA further 
commits to recognizing and publicizing members’ accomplishments.  One attractive feature of the 
program is that it only requires that members implement “technically and economically feasible 
options ava ilable” to implement their specific reduction programs.61  This allows smaller member 
companies to carry out strategies for emissions reduction that do not require large capital 
expenditures (such as buying gas recycling equipment or laser leak detection equipment) but still 
provide for effective reductions in SF6 emissions. 

When a company joins the partnership, EPA assigns a Service Representative to assist the new 
member in meeting its commitments to the partnership.  This representative works with the member 
to develop its company-wide procedures, identify training resources and set up inventory and 
tracking methods and procedures.  Some examples of handling procedures developed by partners in 
the past can be viewed on the Partnership website at http://www.epa.gov/electricpower-
sf6/resources.html.  One of these procedures, developed by National Grid, a partner utility, is 
reproduced in Appendix B to this report. 

This same webpage also allows access to other information useful to any utility with SF6 equipment 
such as: 

♦ Annual reports of the partnership 

♦ Case studies conducted by partner companies 

                                                 
61 U.S. Environmental Protection Agency, SF6 Emission Reduction Partnership for Electric Power Systems:  Memorandum 
of Understanding, www.epa.gov/electricpower-sf6. 
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♦ Access to past SF6 Emissions Reduction Conference Proceedings 

♦ The EPA-approved data collection protocol and a sample data collection exercise 

♦ Additional references and studies relating to SF6 emissions. 

Membership in the partnership has been used by several utilities to showcase their environmental 
protection accomplishments.  Since early on in the program, Pacific Gas & Electric (PGE) has 
actively participated and shared its accomplishments at the biennial conferences and through 
articles and papers which have been posted on the EPA website.  Another utility partner, American 
Electric Power (AEP) has been recently selected as EPA’s 2005 Climate Protection Award Winner.  
Part of the reason AEP was selected for this honor was its achievements in reducing SF6 emissions 
as a Partnership member.62 

5.2 EPRI SF6-Related Research Projects 
EPRI has also been a pioneer in developing information to assist utilities in the handling and control 
of SF6.  Although EPRI information is available only to EPRI members, many of the projects 
conducted in the past and ongoing and proposed projects are of interest. 
 
Since 2000, EPRI has been developing and updating its Practical Guide to SF6 Handling Practices.  
This publication is designed to convey results of EPRI research to utility field personnel and serves 
as a single source for all past research.  The guide is revised biennially.  Course materials to 
supplement the guide are currently in deve lopment and a Workshop is planned in late 2005 to train 
new member utility personnel in SF6 handling practices. 
 
EPRI was instrumental in the development of the SF6 Leak Detection Camera, described earlier in 
this report.  The camera is now in use by many U.S. utilities.  EPRI is continuing research in this 
area with field trials of the camera and projects to reduce the size and weight of the camera.  
Another project is currently in progress to develop methods and procedures to more effectively seal 
leaking SF6-filled equipment without dismantling the equipment.  A third project is focused at 
improving automatic, continuous condition monitoring of SF6-transformers and GIS.63 
 
Finally, EPRI recently announced a new project, for which it is seeking funding partners.  Under 
this project, EPRI will develop an on- line training module for SF6 handling.  This training module 
would be usable by both experienced personnel for refresher training as well as new personnel and 
would incorporate features to allow assessment of participant knowledge and retention.  One of the 
objectives of this training would be to provide an auditable record that users are complying with the 
personnel training requirements of the EPA SF6 Reduction Partnership memorandum of 
understanding.  This program would be available for use approximately 12 months after all 
commitments for project funding are received. 

5.3 Best Practices Summary 
From review of the available literature, it becomes apparent that there are three elements to 
implementation of best practices that will result in reduction of SF6 emissions: 
 

♦ Training and certification of personnel in handling SF6 

♦ Implementation of company-wide SF6 handling procedures 

♦ Development of an effective inventory and tracking program for SF6 
                                                 
62 See http://www.epa.gov/highgwp/electricpower-sf6/winner.html 
63 Electric Power Research Institute, Destinations 2005, http://www.epri.com/destinations/product.aspx?id=433. 
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Resources are available to any company that operates SF6-filled equipment to achieve all three of 
these elements at low or minimal cost.  Participation in the voluntary EPA program will provide 
access to one-on-one assistance and other companies’ experiences to assist in development of 
practices that may be implemented to the depth and scope required by an individual company. 
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6.0 CONCLUSIONS 

Sulfur hexafluoride is a potent greenhouse gas with a great potential to contribute to the global 
warming problem.  Although it currently has a negligible impact on global warming, because of its 
extremely high global warming potential (23,900) and extremely long lifetime (3200 years) its 
long-term impact is uncertain at best.   

The electric power industry currently uses approximately 80% of the SF6 produced worldwide.  If 
all of this gas were to be released to the atmosphere, significant environmental harm could result.  
However, SF6 used by the electric power industry is contained in sealed enclosures such as circuit 
breakers, transformers and gas-filled transmission lines and total release to the atmosphere is 
unlikely.  Thus, leakage of SF6 to the atmosphere during maintenance or through leaking seals is the 
major cause of release. 

Since the undesirable environmental effects of SF6 were discovered in 1995, the electric power 
industry worldwide has made significant efforts and progress to reduce the amount of SF6 released 
to the atmosphere.  Although research continues, there is no economically viable alternative for SF6 
in electrical equipment on the horizon.  Efforts to reduce emissions have extended from equipment 
manufacturers (who have reduced the amount of SF6 emitted during manufacturing and improved 
the tightness of equipment seals) to the utility users of the equipment (who have implemented gas 
recovery practices during maintenance, better training of personnel and recycling of used and 
contaminated gas).  The sum total of these efforts has been to reduce the emissions of SF6 by 
approximately 52% since 1990.  This decrease in emissions, which has been confirmed by 
atmospheric measurements, is attributed to both economic reasons (increases in the cost of SF6) and 
growing environmental awareness of the detrimental effects of SF6 through voluntary programs 
such as the EPA-sponsored SF6 Emissions Reduction Partnership for Electric Power Systems. 

Emissions of SF6 in Maryland are estimated to be approximately 3100 kg SF6 each year.  This 
contributes approximately 0.074 Tg CO2 Eq. or about one-half of 1 percent of the total greenhouse 
gases emitted in the U.S. each year.  Most of these emissions are from the five largest T&D 
companies operating in the state (BGE, Potomac Edison Company, PEPCO, Delmarva Power & 
Light and SMECO) who own and operate the bulk of high voltage transmission equipment in the 
State.  Several other companies, including municipal utilities and small power producers, have SF6 
equipment installed, but this is believed to comprise less than 1% (in both number of components 
and SF6 capacity) of the total in the State. 

At present, only one utility in the State (Potomac Edison, through its parent company, Allegheny 
Power) is a member of the EPA SF6 Emissions Reduction Partnership for Electric Power Systems.  
This utility has demonstrated consistent reduction in SF6 emissions system-wide since it joined the 
partnership.  One other major T&D utility that reported in this survey has many of the required 
elements of the partnership program in place and has shown reductions in SF6 emissions since 
1999, but has so far declined to join the partnership.  Although data was not received from the other 
three major T&D companies, it is assumed that emissions have decreased somewhat over the years 
if for no other reason than the increased cost of SF6 and the resulting cost to maintain their SF6-
filled equipment.  Improved training and awareness of personnel, and adoption of formal 
maintenance and handling procedures are likely to have been responsible for at least part of this 
reduction. 

Some utilities that did not respond to the survey indicated that they were reluctant to report their 
SF6 equipment assets and leak rates because they felt that release of this information would invite 
state government regulation of SF6 and SF6-related maintenance activities.  From the review of 
programs currently in place both in the U.S. and abroad conducted as part of this study, it is 
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apparent that voluntary programs have been and continue to be successful in reducing SF6 
emissions.  Even in the European Community, it appears that proposed legislation is focused only at 
those industries or business segments where voluntary reduction efforts have not occurred. 

Barring a regulatory approach to controlling SF6 emissions in Maryland, all companies that own 
and operate SF6 equipment in the State should be encouraged or provided with incentives to join the 
voluntary EPA SF6 Emission Reduction Partnership for Electric Power Systems. 
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Maryland SF6 Gas Insulated Electrical Equipment Survey 
 

 Page 1  - 6/4/04 

Sulfur Hexafluoride (SF6) is a gas used in electrical equipment like high voltage circuit 
breakers that has a GWP (Global Warming Potential) almost 24,000 times as great as Carbon 
Dioxide.  By minimizing leakage of SF6 into the atmosphere, its effect on global warming can be 
significantly reduced. 

To determine the extent of release of SF6 in Maryland, the State of Maryland Power Plant 
Research Program (PPRP) is conducting a survey to determine: 

• What SF6 gas insulated equipment is owned by the electric generation and transmission & 
distribution companies in Maryland?  While it is expected that most SF6 gas insulated 
equipment consists of medium and high voltage circuit breakers, equipment such as gas 
insulated transmission lines, busses and transformers are also covered in this survey. 

• How much SF6 is being released to the atmosphere in normal operation and maintenance? 
• What maintenance practices are used in upkeep of SF6 gas insulated equipment? 
• What training is provided to maintenance personnel responsible for upkeep of SF6 gas 

insulated equipment? 
• What reporting of SF6 gas inventory and/or leakage is being done by owners of SF6 gas 

insulated equipment? 
 
This survey is being conducted for the State of Maryland PPRP by Fossil Consulting Services, Inc. 
(FCS) through the PPRP Atmospheric Sciences Integrator contract. We appreciate your 
cooperation in providing this information.   Please complete and return this form within 30 days to: 
 
Fossil Consulting Services, Inc. 
7130 Minstrel Way – Suite 230 
Columbia, MD 21045 
Attention M. McClintock 
 
If there are any questions regarding this survey, please contact Michael McClintock at FCS 
(Phone: 410-312-6240, FAX:410-312-5261, email:  mmcclintock@fossilconsulting.com) or Dr. 
John Sherwell of PPRP (Phone:  410-260-8667, Fax: 410-260-8670, email:  
jsherwell@dnr.state.md.us) 
 

Company Name  
 

Company 
Address 
 

 

Contact name  
 Contact position/Title  

Contact Address 
 
 

 

Contact Email  
 

Contact Phone  

Contact FAX  
 Date of Survey  
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Part 1 – Inventory of SF6 Gas Insulated Circuit Breakers 
 
Please fill in the table below for the SF6 gas insulated circuit breakers owned by your company in Maryland.  Note that there is one line 
per circuit breaker because it is necessary to determine the date that each breaker was placed in service.  If you have more circuit 
breakers than will fit on this form, please make copies of this page for additional circuit breakers. 
 

Circuit 
Breaker 
Location 

Circuit 
Breaker Tag 

Number 

Circuit Breaker 
Manufacturer 

Circuit 
Breaker 
Model 

Circuit 
Breaker 
Voltage 

Date Placed 
in Service 

SF6 Weight 
(lbs) 

Actuator 
Power 

(air/hydraulic) 
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Part 2 – Inventory of SF6 Gas Insulated Transmission Lines and Busses 
 
Please fill in the table below for the SF6 gas insulated transmission lines or busses owned by your company in Maryland.  Note that 
there is one line per transmission line/bus because it is necessary to determine the date that each transmission line was placed in 
service.  If you have more SF6 gas insulated transmission lines/busses than will fit on this form please make copies of this page for 
additional transmission lines. 
 

Transmission 
Line/Bus 
Location 

Transmission 
Line Name/Bus 

Location 

Equipment 
Manufacturer 

Equipment 
Model 

Equipment 
Voltage 

Date Placed 
in Service 

SF6 Weight 
(lbs) 

       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       
       



 

4 

Part 3 – Inventory of SF6 Gas Insulated Transformers 
 
Please fill in the table below for the SF6 gas insulated transformers owned by your company in Maryland.  Note that there is one line per 
transformer because it is necessary to determine the date that each transformer was placed in service.  If you have more SF6 gas 
insulated transformers than will fit on this form, please make copies of this page for additional transmission lines. 
 
Transformer 

Location 
Transformer 

Tag 
Number 

Transformer 
manufacturer 

Transformer 
Model 

Transformer 
Primary 
Voltage 

Transformer 
Secondary 

Voltage 

Transformer 
Rating kVA 

Date 
Placed 

in 
Service 

SF6 
Weight 

(lbs) 
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Part 4 – SF6 Leak Detection and Leakage Estimate 
 
It is normal for SF6 gas insulated equipment to leak in operation.  Additionally, it is possible for leakage to occur in maintenance or when 
the equipment is retired from service.   
 
Does your company use SF6 leak detectors 
to identify leaks, and if so, what kind of leak 
detection equipment do you use? 
 

� Laser imaging camera (manufacturer) ___________________________ 

� Photo ionization device (manufacturer) __________________________ 

� Negative ion capture device (manufacturer) ______________________ 

� Thermal conductivity device (manufacturer) ______________________ 

� Ultrasonic device (manufacturer) _______________________________ 

� Liquid bubble technique (manufacturer) __________________________ 

� Other (describe) ____________________________________________ 
If your company checks for SF6 gas 
insulated equipment for leakage 
periodically, what is the frequency of 
inspection? 

� Monthly                              � Quarterly                          � Annually 

� Other (describe) 

Does your company track overall leakage 
from SF6 gas insulated gas insula ted 
components? 

 

If your company tracks SF6 leakage, please 
describe how that leakage is estimated 
(e.g., a periodic inventory of stored gas and 
gas in equipment with tracking). 

 

If your company tracks SF6 leakage, please 
provide the estimated SF6 leakage for all 
SF6 gas insulated equipment owned by 
your company for each of the last five years 
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Part 5 – Operation and Maintenance Practices 
 
Please describe the practices used in maintenance of your SF6 gas insulated equipment.  Please address these specifics: 
Does your company have and use 
written procedures? 

� General SF6 handling procedures 

� Routine inspection/leak detection procedures 

� Preventive maintenance procedures 

� Major maintenance procedures 

� Gas recycling equipment 
 

Is gas recycling equipment used in 
performing maintenance, and if so 
who is(are) the manufacturer(s)? 

 
Manufacturer name(s) ______________________________________________ 
 
 
 

Do you use an outside vendor (other 
than the Original Equipment 
Manufacturer) for SF6 services and if 
so who? 

 
Vendor name(s) ___________________________________________________ 
 
 
 

What vendor(s) supply your SF6?  
Vendor name(s) ___________________________________________________ 
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Part 6 – SF6 Gas Insulated Equipment Maintenance Training & Qualification 
 
Please describe the training and qualifications required for maintenance personnel who perform maintenance on or are responsible for 
maintenance of SF6 gas insulated equipment.  Attach additional pages if more room is required. 
Does you company have general training for handling of 
SF6? 

� Yes    � No � Training done “in-
house” by our company personnel 

� Training by outside training company 
 
Duration ________________ hours 

Does you company have specific training for use of SF6 
recycling equipment? 

� Yes    � No 

� Training done “in-house” by our company personnel 

� Training by outside training company 
 
Duration ________________ hours 

Does you company have specific training for each type of 
SF6 gas insulated equipment owned by your company? 

� Yes    � No 

� Training done “in-house” by our company personnel 

� Training by outside training company 
 
Duration ________________ hours 

If your company uses an outside company for SF6 training, 
what are the names of those companies? 

 
Vendor name(s) _________________________________ 
 
 
 

Does your company require that personnel who operate 
and maintain SF6 gas insulated equipment be formally 
qualified? 

� Yes    � No 

� Is there a written test for qualification? 

� Is there a practical test for qualification? 

� Is periodic retraining/qualification required? 



 

 

 

 

 

 

 

 

Appendix B 

Sample SF6 Handling Procedure 
 

 



Handling and Use of Sulfur Hexafluoride Gas

Contents                                                                                                                                    

Section Page

I. PURPOSE 2

II. SCOPE 2

III. POLICY 2

A. Sulfur Hexafluoride Gas 2
B. Decomposition Gasses and Solid By-products 3

IV. DEFINITIONS 3

V. PROCEDURE 4

A. Handling of Sulfur Hexafluoride Gas - Central Facilities 4
B. Handling of Sulfur Hexafluoride Gas - Districts 4
C. Filling Equipment with Sulfur Hexafluoride Gas 5
D. Removal of Sulfur Hexafluoride Gas from In-Service Equipment 6
E. Removal of Hazardous Solid By-products 7

This document is provided for informational purposes only for
co-partners of the U.S. Environmental Protection Agency’s SF6

Emissions  Reduction Partnership for Electric Power Systems.  It
is not intended as legal advice.  Neither Northeast Utilities nor
any of its subsidiaries or affiliates make any warranties or
guarantees as to its sufficeincy or adequacy for any purpose and
are not liable for any use or misuse of this material.



Handling and Use of Sulfur Hexafluoride Gas

Page 2 of 8

I. PURPOSE

 This procedure establishes safe working practices for handling sulfur hexafluoride (SF6)
gas.  It specifies methods for handling of SF6 gas and removal, handling, and disposal of
hazardous by-products.

 

II. SCOPE

 The following departments are affected by this procedure:

• Transmission & Distribution Maintenance
• Substation Construction
• General Construction & Maintenance

 

III. POLICY

A. Sulfur Hexafluoride Gas

 Clean SF6 gas is an inert, stable, colorless, odorless, nontoxic, nonflammable gas.  It is
approximately five times heavier than air and will displace air in confined areas. SF6

gas contains no oxygen and will not support life.  Confined areas must be force-
ventilated when working with SF6 gas.

 The Occupational Safety and Health Administration (OSHA) regulation on air
contaminants, 29 CFR 1910.1000, establishes that SF6 gas has no adverse effects when
inhaled in the air at a Threshold Limit Value (TLV) of 1,000 ppm.

 DOT regulations require equipment containing SF6 gas at pressures greater than 39.6
psia to be certified to transport compressed gas.

 The Environmental Protection Agency has identified Sulfur Hexafluoride as a
greenhouse gas with a global warming potential 23,900 times the effect of an equal
mass of Carbon Dioxide and an atmospheric lifetime of 3,200 years.  Northeast
Utilities has entered a Memorandum of Understanding (MOU) with the EPA requiring
monitoring and reporting of annual usage and leakage amounts.  Under no
circumstances should equipment pressurized with SF6 be voluntarily vented to
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atmosphere.  If discharge of small quantities is necessary for test purposes (i.e.,
contamination or moisture analysis, etc.), such discharge is to be kept to the minimum
required to obtain a reading.

 

B. Decomposition Gasses and Solid By-Products

 When exposed to sustained or intense electrical arcs, SF6 gas decomposes to form
sulfur-fluoride gases and metal-fluorides which are toxic.  If moisture is present, the
decomposition by-products may also include sulfur-oxyfluorides and hydrofluoric and
sulfuric acids.  The presence of these by-products can be readily detected by a white or
gray powdery substance or a very pungent odor similar to rotten eggs.

 All in-service SF6 equipment shall be assumed to contain decomposition by-products.
All employees shall wear the protective equipment specified in this procedure when
removing gas or solid by-products.  

 OSHA regulations on respiratory protective equipment, 29 CFR 1910.134, require
that all employees wearing respiratory protective equipment be properly trained in the
use of this equipment.

 

IV. DEFINITIONS

A. Processing Cart - a gas-handling unit equipped with a vacuum pump, storage tank(s),
and filtration equipment necessary to recycle SF6 gas. 

1. The storage tank(s) on these carts is either a large central reservoir or one or more
DOT-approved cylinders.

2. Reservoir-equipped carts shall not be transported over public roadways if the gas
pressure is above 25 psig, unless the cart is properly certified for transportation of
compressed gas.

B. Transfer Cart - a cart used to invert and/or heat gas cylinders when filling equipment
to ensure the cylinder is thoroughly emptied.
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V. PROCEDURE

A. Handling of Sulfur Hexafluoride Gas - Central Facilities.

1. All SF6 gas shall be obtained through a central facility.

2. The designated central facility is responsible for maintaining a log of all SF6 gas
procurements and disbursals.  The log shall include the weight of each bottle
transported before shipment and after return from Districts.

3. SF6 gas shall be shipped only in DOT-approved cylinders.

B. Handling of Sulfur Hexafluoride Gas - Districts.

1. SF6 gas shall not be voluntarily discharged into the atmosphere.

2. The Maintenance or Construction Supervisor shall request the amount of SF6 gas
needed from the designated central facility.

3. The Maintenance or Construction Supervisor is responsible for maintaining a log
for each cylinder provided. 

a) This log shall be retained with the cylinder, and indicate the location and
nomenclature of the equipment being filled and weight of the cylinder before
and after filling.

b) The log shall be returned with the cylinder to the central facility when work is
complete or the cylinder is empty.

4. Partially used or full cylinders may be retained at the work center at the discretion
of the District Supervisor - Substation Equipment.  The supervisor is responsible
for maintaining the required logs and forwarding usage reports to the central
facility upon request.
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C. Filling Equipment with Sulfur Hexafluoride Gas

1. Obtain a SF6 Gas Processing or Transfer Cart as needs dictate.

2. Connect SF6 source to gas compartment valve.

a) Processing cart (preferred method):

(1) Connect hose to gas compartment valve and tighten all fittings.

(2) Evacuate hose using vacuum pump.

(3) Break vacuum using SF6 gas.

(4) Open gas compartment valve.

b) Transfer Cart/cylinder:

(1) Loosely connect hose to gas compartment valve.

(2) Partially open the gas cylinder valve.

(3) Check for presence of SF6 gas in the vicinity of the connection to the gas
compartment valve using an approved halogen leak detector.

(4) Seal all fittings as soon as SF6 gas is detected.

(5) Open gas compartment valve.

3. Fill and pressurize the equipment per manufacturer’s instructions.

4. Using an approved halogen leak detector, check the gas compartment and
associated devices for any SF6 gas leaks into the atmosphere.

5. Repair all leaks to prevent discharge of SF6 gas.

6. Close gas compartment valve and source valve.

7. Disconnect hose from gas compartment valve and cap hose fitting.

8. Weigh all SF6 gas cylinders used to fill the equipment.

a) Record final weight on cylinder log.
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b) Record date, location, and equipment nomenclature on cylinder log.

9. Return all empty cylinders and appropriate logs to the central facility.

D. Removal of Sulfur Hexafluoride Gas from In-Service Equipment.

1. Prior to removal of gas, check the gas compartment and associated devices for
leaks using an approved halogen leak detector.

a) Identify any components that must be repaired while SF6 gas is evacuated from
equipment.

b) Obtain replacement parts as necessary to repair leaks.

2. Attach the hose from the SF6 Processing Cart to the gas compartment valve.

3. Draw a vacuum on the hose to remove air and moisture.

4. Open the gas compartment valve.

5. Remove SF6 gas from the gas compartment via the processing cart filtration
system as described in the processing cart operating/maintenance instruction
booklet.

6. Draw a vacuum on the gas compartment to complete the SF6 gas removal process.

7. Break vacuum with nitrogen or dry air as applicable.

8. SF6 Gas that is to be reused on the same equipment may be kept in the processing
cart until maintenance is complete.

a) If equipment is to be retired from use, SF6 gas must be transferred to DOT-
approved cylinders for return to the central facility.

b) Cylinders of SF6 from retired equipment returned to central facility must
include log indicating cylinder weight and the nomenclature of the equipment
from which the gas was removed.

c) Reservoir-equipped gas carts must not be transported over public roadways if
gas pressure exceeds 25 psig unless the cart is properly certified for
transportation of compressed gas.
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9. Clean interior of equipment in accordance with section E prior to working on any
internal parts.

10. When equipment is to be returned to service, seal all portholes and fittings.

11. Evacuate equipment using processing cart vacuum pump.

12. Break vacuum using SF6 gas.

13. Fill equipment in accordance with section A.

E. Removal of Hazardous Solid By-Products

1. After the SF6 gas has been removed from the gas compartment and prior to
opening the gas compartment's porthole(s), put on the following approved
protective outerwear:

a) clothing, protective, rainsuit, poly, x-large, yellow, 3 piece

b) glove, safety, disposable, polyethylene, large, clear

c) respirator, half-face or full-face, reusable, with two HEPA cartridges for
organic vapor/acid gas (cartridge type F/C).

d) goggles, chemical splash resistant, without vent, clear lens (if using half-face
respirator)

e) boot, pullover, disposable, for pcb and nuclear use, yellow, plastic

2. Open the porthole(s) to gain access to the gas compartment.

3. Before entry, ventilate gas compartment with a 50 cfm blower for at least one-half
hour.

4. Test the compartment with an approved air monitor to verify a minimum of 20.9%
oxygen and no presence of combustible gases or carbon monoxide.

5. Using an approved halogen leak detector, perform checks at various low points
within the gas compartment to determine any presence of SF6 gas.

6. Continue ventilation in low point areas until the detector indicates that SF6 gas has
been purged.
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7. Continue ventilation while work is being performed.

8. Remove contaminated powdery deposits using an approved vacuum cleaner
equipped with high-efficiency particle arresting (HEPA) filters.

 Note: These deposits must be removed promptly once the gas compartment is
opened, since they readily absorb moisture, becoming corrosive and sticky, and
making their removal more difficult.

9. Clean up any powdery residue using approved wipes.

10. Place powdery deposits contained in the vacuum cleaner disposal bag along with
any wipes and other contaminated materials in a plastic waste bag.

11. Upon completion of repair and/or maintenance work, seal all portholes of the gas
compartment.

12.  Remove protective outerwear.

13. Place disposable coveralls, gloves, boots, and respirator cartridges, and any other
contaminated materials in the plastic waste bag.

14. Secure bag with filament tape.

15. Place plastic waste bag in a 55 gallon drum.

16. Wash face and hands following completion of work and before eating or drinking.

17. Label the side of the drum with a Hazardous Waste sign and a Sulfur Hexafluoride
Caution sign.

18. Leave the drum in a safe location at job site for proper disposal.

a) Inform the Environmental Coordinator or the Environmental Administrator 
that a drum containing Hazardous Waste is at the job site and is ready for
removal. 

b) The Environmental Coordinator/Administrator will make arrangements for
disposal of the drum in accordance with federal and state regulations.

c) The Environmental Coordinator/Administrator will retain copies of all
manifests in a central file.
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