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Introduction 

A question I get quite frequently is: “How much is 

a Distribution Arrester worth?”  I always consider 

this a good question because the answer is not 

always obvious.  Arresters are silent sentinels of 

the equipment to which they are attached, they 

make no record of saving their subject, they have 

no outward evidence that they have saved the 

system from an outage like a fuse or breaker, and 

they stand ready for decades.  Because of their 

inconspicuous nature, they are completely taken 

for granted during their service and their value is 

assumed to be equal to their cost, which is 

entirely incorrect.    

 

To determine the real value of an arrester we 

cannot simply look at its cost, but rather we must 

look at the effect on a system in its absence.   

This can be demonstrated by using the potential 

effect on distribution transformers if arresters 

are not installed to protect them.   In this 

ArresterFacts, we will explore a new method of 

value analysis that shows that the value of an 

arrester is often two orders of magnitude higher 

than its cost. 

This new method is a simple calculation that first 

determines the number of times a system would 

be struck by lightning and then uses this 

parameter to estimate the arresters value.  It is 

important to note that this method is meant to 

provide a quick and approximate calculation and 

that for a more precise value analysis, other 

factors should be considered.  However this 

method can be very useful tool when  

establishing the value the distribution arrester  

and demonstrating what it brings to the picture 

over its life time.  

 

 

Getting Started 

The potential for damage to a transformer on an 

unprotected line is determined by a number of 

factors.  Naturally the most obvious one is 

location.  In areas with a high lightning ground 

flash density rate, the potential for a line being 

struck is greater than in an area with a lower 

ground flash density.  The length of line on either 

side of the unprotected transformer exposed to 

lightning is another factor, followed by the line 

height and phase spacing. 

 

Figure 1: Typical 3phase distribution system configuration 

Determining the Collection Rate 
The first step is to  calculate the collection rate 

(the number of direct lightning strikes to a 

section of line in a year) using  the widely 

accepted formula from IEEE 1410 Application 

Guide on Improving the Lightning Performance of 

Distribution Lines. 

 

 

Where: 
N  = lightning collection rate of a 100km of line 
per year  
Ng = ground flash density (flashes/km2) (See Fig 2)  
b =   spacing between outside conductors (m)    
(See Figure 1) 
h =   the height of the line (m)     (See Figure 1) 
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Determining the Collection Area 
Once the collection rate is known, the size of the 
collection area   needs to be determined.  The 
collection area is the length of line connected to 
the transformer where a direct lightning strike to 
the phase would result in damage 
to the transformer.  This is usually 
given in number of spans, with the 
length of the spans given in 
meters.   In reality there are a 
number of factors that must be 
considered when looking at how 
far the lightning surge will travel 
and still maintain an amplitude 
high enough to damage a 
transformer.   The most important 
factors are line impedance, 
insulator flash over level, local 
ground resistance, transformer BIL 
and phase conductor diameter.  
Experience tells us that a direct 
strike within 200 meters or two 
100 meter spans of a transformer 

has a high probability of dielectric 
failure of the transformer. Due to 
corona and the factors stated above, a stroke 
more than 800 meters away would have a low 
probability of transformer failure,   so for our 

discussion we have used a collection area of 4 
spans, each 120 meters long.  Figure 3 shows an 
example of surge amplitudes and magnitudes 
along this 4 span section of distribution line hit 
with a 30kA stroke to B phase.  

Figure 2: Ng Ground Flash Density from space-based optical sensors. Units: flashes/km2/yr. Image 

credit: NASA.  ( A more precise map of the US can be found here  Vaisala's U.S. Cloud-to-Ground 
Lighting Incidence) 
 

Figure 3: Surge Amplitudes along a 4 span section of line with 30kA strike to phase 

http://www.vaisala.com/VaisalaImages/Product%20and%20services/NLDN%20CG%20Flash%20Density%20Miles%201997-2010.png
http://www.vaisala.com/VaisalaImages/Product%20and%20services/NLDN%20CG%20Flash%20Density%20Miles%201997-2010.png
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Determine the System Damage 
Equation 2 determines the damage to 
unprotected transformers for the given time 
period and collection rate determined in Eq1 
    

    
      

    
      

 

Where: 
   =   transformer damage in dollars over    

   =   evaluation period in years 

    =   protected transformer installed cost in 
dollars 
   =   collection rate of line in strikes/100km/yr 
   =    length of span in meters 
   =    number of spans in collection area 
 
Interpretation of the Data 
Once we have calculated the damage to the 

system we can refer back to the original 

question: “What is the value of a distribution 

arrester?”  After going through this exercise the 

answer becomes obvious - “The savings seen 

from not having to replace equipment over the 

expected life of the arrester.”  

Figure 4 gives four examples of the value of a  
distribution arrester for various ground flash 

density areas.  What it tells us is that for areas 
that have a ground flash density of one stroke 
per square kilometer per year, a distribution 
transformer on the line would last for 18.4 years 
without failure from lightning; however, for an 
area that has eight strikes to every square 
kilometer, the typical distribution transformer 
would only last 2.3 years before it failed from 
lightning.  If a distribution arrester had been 
mounted to this transformer and it had a modest 
life span of twenty years, it would have saved 9 
transformers during that life. If we assume the 
value of a distribution transformer to be 1,000 
dollars installed, then the addition of an arrester 
would have avoided costs of 9,000 dollars. This 
tells me that the real worth or value of that single 
distribution arrester that typically costs the utility 
about fifty dollars, has a value of 180 times its 
cost.   
 
Summary 
Arresters are an indispensible asset on 
distribution systems. Their worth is extraordinary 
when compared to their cost.   
 
 
Further Study 
ArresterWorks has  
created an online 
calculator based on 
equations 1 and 2 
above that can be 
used to easily check 
the value of an 
arrester in your area 
of interest.   
The calculator can be 
found   Here….. 
or go to 
Arresterworks.com 
and click on Resources/Calculators  
 
Comments and suggested improvements are 

welcome.   

 
 

Figure 4: Savings from Applying Arresters 

http://www.arresterworks.com/resources/calculators.php
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ArresterFacts are a compilation of facts about arresters to assist all stakeholders in the application and 

understanding of arresters. All ArresterFacts assume a base knowledge of surge protection of power systems; 

however, we always welcome the opportunity to assist a student in obtaining their goal, so please call if you 

have any questions.  Visit our library of ArresterFacts for more reading on topics of interest to those involved 

in the protection of power system at:  http://www.arresterworks.com/arresterfacts/arresterfacts.php 
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