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Abstract- The Circuit breaker has become the integral part of power system with increasing need for uninterrupted power 
supply for each applications of human being. With the present breaker, this need is being satisfactorily fulfilled, but the 
environmental impact of those breakers is overlooked in view of efficiency. But by adopting certain modification in circuit 
breaker, eco-friendly circuit breakers can be developed that are not only harmless to environment but also supports 
environment in various processes to enhance the economy of country. 
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I. INTRODUCTION 
 
In the present dynamic power system, the circuit 
breaker plays a vital role when it comes to protection 
issue of various components of power system. As an 
electrical engineer it would be very difficult to 
imagine a power system without circuit breaker, 
which is very much necessary in protecting the heavy 
equipments in this vast power system from the 
dangerous faults whose occurrence is unpredictable in 
the system. Circuit breaker has gained importance not 
only as protective device but also as switching 
device.  
 
The circuit breaker is very important in switching 
operation of high current circuits due to its current 
breaking and making capacities. Circuit breaker 
comes in great varieties and different technologies are 
employed to clear the faults as quickly as possible. 
Despite the difference in technologies used, all the 
types of circuit breaker aims for better electrical 
functionality that constitutes current carrying 
property, insulating property and current breaking 
property. The above electrical properties impose 
mechanical properties that can be more or less 
demanding depending on the used technology: 
 
Current carrying property imposes High quality 
contact material with high conductivity, which does 
not react in ambient Atmosphere and temperature. 
Insulating property, depending on the voltage level 
imposes that the contacts parting distance in open 
position is sufficient enough for proper insulation and 
factors as line to ground distance are to be taken care. 
While Current breaking & making properties depends 
on the speed of the opening or closing contacts, arc 
blowing techniques, resistant to arc material, energy 
required to carry on the breaking or making of large 
short circuit currents, characteristics of the insulating 
medium and reaction over time and frequency of 
current interruption. 
 

In the different technologies used in circuit breaker, 
the extinguishing of arc by allowing the dielectric 
media to enter between the contacts as they move 
apart, is one of the most commonly used techniques 
in present power systems due to their electron 
absorbability, high thermal stability, chemical 
inertness against the construction materials used, non-
flammability and low toxicity, low boiling point, 
good heat transfer properties, and low cost. As per 
above mentioned properties of dielectric media, the 
SF6 gas have found place in modern day circuit 
breakers due to its high electronegative nature. 
Sulfur hexafluoride (SF6), despite its excellent 
physical, chemical and dielectric properties, it possess 
serious damage to the environment as the by-products 
like SF4, SF2 are liberated during the operation of 
circuit breaker. 
 
II. SF6 GAS AS A THREAT TO 

ENVIRONMENT 
 
The several issues that are associated with SF6 gas 
which possess threat to environment are: when an arc 
is formed in circuit breaker with SF6 gas, a small 
quantity of lower order gases are formed. Some of 
these byproducts are toxic and can cause irritation to 
eyes and respiratory systems. 

 
Source: http://www.global-greenhouse-warming.com/ 

Figure 1 fluorinated gas emissions to atmosphere. 
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As SF6 is heavier than air, so care must be taken 
when entering low confined spaces due to the risk of 
oxygen displacement. Since SF6 is the most potent 
greenhouse gas that the Intergovernmental Panel on 
Climate Change has evaluated. It has a global 
warming potential that is 23,900 times worse than 
CO2. Some governments have implemented systems 
to monitor and control the emission of SF6 to the 
atmosphere.  
This section deals with the assessment of risk to 
personnel in the case of an abnormal situation leading 
to an uncontrolled release of SF6 gas into the 
atmosphere. Even though the occurrence of such 
situation is very infrequent, the effect is very much 
greater in its amplitude. The abnormal situation may 
be abnormal leakage, due to a failure of the SF6 
enclosure seals to contain the gas, or internal fault, 
resulting from uncontrolled arcing inside the SF6 
enclosure. One of the daring facts is that 1Kg of SF6 
vented into the atmosphere corresponds to roughly 23 
tons of CO2.  
 
In the year 1996 in Minnesota power plant. The 
breakdown of two SF6 circuit breakers resulted in 
poisoning of living beings present in the 
surroundings. The actual reason of the cause is the 
affect of temperature over the gas. As the cold 
temperatures do not favor the gas as it liquefies it at -
10°F and -30°F.  
The byproducts such as SOF2, SO2, and HF pose a 
health threat, which tends highly poisonous (toxic) 
gases.  
It is recently identified that one of the byproduct 
S2F10 that is released during the decomposition of 
SF6 possesses the major threat to personnel working 
in the station due to its huge toxicity  
 

Table 1: The byproducts of SF6 with their concentrations 

 
Source: table adapted from Dervos and 
Vassiliou(2000) 

 
Source: http://www.britannica.com/ 

Figure 2 SF6 in the northern hemisphere. 
 

III. ADVENT OF ECO-FRIENDLY CIRCUIT 
BREAKER:  

 
In the recent year, ABB, the leading power and 
automation technology group, announced the launch 
of its next generation LTA carbon dioxide (CO2) live 
tank high-voltage circuit breaker platform, starting 
from 72.5 kilovolt (kV), at the Cigré technical 
exhibition being held in Paris form 27-31 August 
2012. Sulfur hexafluoride (SF6) gas has higher global 
warming potential (GWP) than CO2. By substituting 
it with CO2 as the insulating and arc extinguishing 
medium, each new 72.5 kV LTA breaker has the 
potential to reduce CO2 emissions by 10 tons through 
the product life cycle – which is 18 percent less than 
its predecessor. This CO2 circuit breaker may reduce 
ill effect of SF6 but not to greater extent.  
 
One of the eco friendly solution for the existing 
problem is by making use of nitrogen as a substitute 
for SF6, it not only reduces the pollution level but 
also helpful in several activities of environmental 
process.  
There are several useful activities carried out in the 
environment by using nitrogen. Since nitrogen is 
most abundant gas present in the earth’s atmosphere, 
the cost of the circuit breaker is reducing as well 
eliminating the risks in using the above mentioned 
gases.  
 
Simple binary SF6 gas mixtures such as SF6-N2 
easily solve the liquefaction problem, reduce the gas 
cost, and to some extent lessen the sensitivity of the 
dielectric strength to local field enhancement.  
The ternary SF6 gas mixtures possessing higher 
dielectric strength than SF6 can be prepared using 
knowledge of the electron-attaching, electron-
retarding and electron-impact-ionization properties of 
gas components. A properly selected additive can 
effectively enhance the corona stabilization effect of 
SF6 in highly non-uniform fields, thus increase its 
breakdown voltage within the corona stabilization 
region.  
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Figure 3- Effect of gas pressure on BDV for SF6-N2 mixture. 

 
The uniform field breakdown strength (E/P)o can be 
estimated by measuring the ionization coefficient α 
and the attachment coefficient η in the gas mixture. 
The (E/P)o value of SF6 –gas mixtures can also be 
estimated if the ionization and attachment coefficients 
in the component gases are known. So the coefficient 
in the gas mixture can be calculated by the sum of the 
partial-pressure-weighted coefficients in the 
component gases such as-  
αm = F * α1 + ( 1 – F ) α2 [1]  
ηm = F * η1 + ( 1 – F ) η2 [2]  
Where the subscripts 1, 2 and m denote SF6, N2  
(CO2 or Air) and the mixture, respectively; and F is 
the fractional concentration of SF6 in the mixture. 
 
IV. NITROGEN, AN ENVIRONMENTAL 

FRIENDLY GAS:  
 
Nitrogen is not only possessing good dielectric 
properties but it is also crucially important 
component for all life. It is an important part of many 
cells in form of amino acids, proteins and even our 
DNA. It also plays a vital role in plants growth by 
having its important part in photosynthesis. As part of 
these life processes, nitrogen is transformed from one 
chemical form to another. These transformations of 
nitrogen can be collectively referred as nitrogen 
cycle. The several processes that constitute the 
nitrogen cycle are Fixation, Decomposition, 
Nitrification, and De-nitrification where nitrogen 
moves between the atmosphere, land and living 
things.  
Since Nitrogen in its gaseous form (N2) can’t be used 
by most living things. It has to be converted or ‘fixed’ 
to a more usable form through a process called 
fixation. There are three ways nitrogen can be fixed 
to be useful for living things:  
 
Biologically, Nitrogen gas (N2) diffuses into the soil 
from the atmosphere, and species of bacteria convert 
this nitrogen to ammonium ions (NH4+), which can 
be used by plants. Legumes (such as clover and 
lupins) are often grown by farmers because they have 
nodules on their roots that contain nitrogen-fixing 
bacteria. Through lightning, atmospheric nitrogen 
gets converted into ammonia and nitrate (NO3-) that 
enter soil with rainfall. And through Industries where 
People have learned how to convert nitrogen gas to 

ammonia (NH3) and nitrogen-rich fertilizers to 
supplement the amount of nitrogen fixed naturally.  
 
N2 + 8H+ + 8e- 2NH3 + H2  
NH3+ H+ NH4+ (ammonium ion)  
Plants take up nitrogen compounds through their 
roots. Animals obtain these compounds when they eat 
the plants. When plants and animals die or when 
animals excrete wastes, the nitrogen compounds in 
the organic matter re-enter the soil where they are 
broken down by microorganisms, known as 
decomposers. This decomposition produces 
ammonia, which can then go through the nitrification 
process in which Nitrifying bacteria in the soil 
convert ammonia into nitrite (NO2-) and then into 
nitrate (NO3-). This process is called nitrification. 
Compounds such as nitrate, nitrite, ammonia and 
ammonium can be taken up from soils by plants and 
then used in the formation of plant and animal 
proteins.  
 
2 NH4+ + 3 O2 → 2 NO2- + 2 H2O + 4 H+ 
(Nitrosomonas)  
2 NO2- + 1 O2 → 2 NO3- (Nitrobacter, Nitrospina)  
NH3 + O2 → NO2− + 3H+ + 2e−  
NO2− + H2O → NO3− + 2H+ + 2e-  
 
Finally, Denitrification completes the nitrogen cycle 
by converting nitrate (NO3-) back to gaseous 
nitrogen (N2). Denitrifying bacteria are the agents of 
this process. These bacteria use nitrate instead of 
oxygen when obtaining energy, releasing nitrogen gas 
to the atmosphere. The complete nitrogen process is 
cyclic in nature as shown in (figure 4)  
 
To make sure that you get good crop yields or grass 
yields, you need to make sure that you’ve got enough 
nitrogen for them to be able to build their proteins 
and the enzymes that they need. So without a good 
supply of nitrogen, it is hard to get large yields or 
grow the amount of food that you need. It is 
estimated that about 40% of the world’s population is 
fed by food that is grown using nitrogen that has been 
brought in either as fertilizer or through the deliberate 
cultivation of plant crops that are able to fix nitrogen 
out of the atmosphere. 

 
Figure 4: Nitrogen cycle 
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V. NITROGEN IN ECONOMIC 
DEVELOPMENT OF INDIA:  

 
1. Although India and China are the world's largest 
producers of peanuts, they account for a small part of 
international trade because most of their production is 
consumed domestically as peanut oil. Exports of 
peanuts from India and China are equivalent to less 
than 4% of world trade. The major 
producers/exporters of peanuts are the United States, 
Argentina, Sudan, Senegal, and Brazil. These five 
countries account for 71% of total world exports.  
2. India constitutes to 41% production of pulses 
however it went through the ban in the following 
years in 2006 as 2014 due to lack of fertility of soil 
for the cultivation of pulses.  
3. India is nowhere in the list of production of Broad 
Beans, Green Beans, Horse Beans, Dry which may be 
incorporated in the country.  
4. India alone produces about 80 percent of guar gum 
worldwide with nearly 1 -1.25 million tones of guar 
per year which is used in processing pet foods and 
canning of meat.  
5. Cultivation of these crops requires a pH level of 6 - 
6.5 acidic in nature whereas the pH level in Indian 
soil ranges between 6.5 and above,  
 
This could be overcome by adding more ammonium 
compound in the soil which eventually makes the soil 
acidic. This in turn helps for the cultivation of the 
above mentioned crops.  
Table 2: Requirement of nitrogen in the proteins.  

 

CONCLUSION: 
  
The eco-friendly gases like nitrogen are very much 
required for enhancement of several processes in the 
nature. Even though dialectic strength of pure 
nitrogen is slightly less than that of presently used 
SF6 but SF6 –N2 mixtures with 5% SF6 content 
exhibit nearly 70% to 85% of the insulation strength 
available from SF6 alone and this depends on the 
pressure of mixture and the non-uniformity factor for 
electric field of study case. However, these mixtures 
have been shown to be somewhat less sensitive to the 
enhancement of field arising from particle 
contamination. Also, with the sufficient by products 
in outcome of the circuit breaker could be used for 
the agriculture purposes. The usage of byproducts of 
nitrogen compounds are also indirectly leading to 
develop the economy of the country.  
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