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Before looking at what has changed in earthing and lightning 
protection we need to start with a sobering thought - what has 
not changed substantially? The harsh reality is that every year 

an unacceptable number of people continue to lose their lives due to 
lightning. As engineers and scientists we need to commit ourselves 
to actively engaging with this complex challenge and strive to reduce 
the annual number of lightning incidents. We have the knowledge, 
tools and technology at our disposal to make a difference.

Rather than a detailed technical discussion about the develop-
ments in earthing and lightning protection over the past 25 years let 
us consider three important broad themes, namely technology, risk 
and people, all of which are closely interconnected.

Technology

Advances in technology have had a substantial impact in three ways 
- we have more complicated systems to protect, we have better protec-
tion technologies and we have better tools to study lightning activity.

Nowadays even the humblest business or industrial plant bris-
tles with technology used to measure, communicate, control, record 
and analyse what is going on - all of which must be protected. It has 
become impossible not to take an holistic and systematic approach 
to lightning protection - failure to do so is disastrous. 

Fortunately we are ably guided by the latest edition of the four 
part International Electrotechnical Commission (IEC) 62305:2010 
‘Protection Against Lightning’ standard [1] which is available through 
the South African Bureau of Standards (SABS). This comprehensive 
standard provides guidance about best practices in reducing the risk 
of lightning - probably not bedtime reading, but an invaluable guide 
to any practitioner. 

These modern standards do, however, force one to consider the en-
tire system as a whole, and there is no doubt that they are effective.

SABS IEC 62305:2010 [1] reflects several important changes in 
philosophy over the past 25 years - most significant is that external 
lightning protection and earthing is no longer a stand-alone exercise 
and forms part of a bigger system. 

For example, focusing on achieving a very low resistance to earth 
is far less important than bonding, minimising earth impedance and 
equipotentialisation. Furthermore, simply having a good external 
lightning protection system is not good enough and the use of light-
ning protection zones and coordinating appropriate surge protective 
devices is critical.

This leads to the next area of technological development - surge 
protective devices. Prior to the 1980s most earthing and lightning 
protection activity was focused around insulation coordination and 
protecting the electricity grid and supporting infrastructure such as 
generators and transformers from damage. 

Although varistor and gas-discharge tube technologies were 
commercially available they were not widely in use. This changed 
with the increased use of electronics within systems and the need 
to protect this equipment. The eighties and nineties saw incredible 
innovation in surge protective devices. 

Developments range from silicone-based technology that can 
clamp to very low residual voltages but not handle large energy, 
through to Class-I spark gap technology that can divert high energy 
direct lightning current, with clever multi-stage Class-II devices fitting 
in somewhere between the two extremes. As a result, modern surge 
protective devices used in a coordinated approach with good earth-
ing and bonding can provide excellent protection for highly complex 
industrial sites with very sensitive equipment.

Earthing and lightning 
protection - 25 years
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I feel I have no choice but to start by admitting that in 1986 I was 12 years old and had only a passing interest in lightning. If someone were to 

have asked me to make a prediction about where I would be and what the world be like in 25 years time I am afraid I would have failed the test 

completely! Yet lightning has been recognised as dangerous for centuries (well, at least since Franklin flew his kite…), has featured in music 

and art, and continues to form the basis of scientific enquiry as well as legend and mythology. Why is that?

Inexpensive camera footage of lightning activity around Brixton Tower, Johannesburg, recorded at 10 frames per second.
A: Fascinating downward flash recorded at approximately 18:30, 8 February 2011. Note the multiple discharge channels and termination points.
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Modern techniques for understanding lightning

To this day a substantial part of our knowledge and understanding 
of the physics of lightning and the engineering application is a result 
of years of careful measurement and observation made by pioneers 
such as Schonland, Malan, Proctor, Anderson and Eriksson, to name 
a few. Many modern studies using advanced technologies are simply 
confirming or expanding in a bit more detail the solid foundation they 
laid years ago. Having said that there are still several exciting areas 
where modern technology is being used as a tool to measure, record 
and analyse lightning.

The first area relates to digital video and photography. Over the 
past five years researchers have been using ultra high speed digital 
video systems to record lightning flashes. Recordings have been 
made at frame-rates between 10 to 75 thousand frames per second 
and the videos are spectacular - the processes described by the early 
lightning pioneers truly come to life. Other novel research involves 
placing an array of inexpensive security video cameras around a 
structure of interest to monitor lightning activity and then, using im-
age processing and software, to digitally re-construct any flashes in 
three dimensional space.

Advances in technology have also played a vital role in lightning 
location systems (discussed in detail in Electricity+Control September 
2010 [2]). Both land- and space-based systems are helping us under-
stand, locate and act on lightning activity. Whilst data recorded by 
these systems can even be used post-event for forensic purposes, this 
must only be done so with a full understanding of the limitations of 
the underlying measurement techniques. More importantly, real-time 
availability of storm and lightning information allows a large, or even 
small, company to pre-empt and manage the risk associated due to 

lightning. The South African Lightning Detection Network operated by 
the South African Weather Service provides such information locally.

 
Risk

At the heart of earthing and lightning protection is risk management. 
Essentially, you need to decide on the risk you are willing to tolerate. 
For instance, would you stand under the only tree on an open field 
in a thunderstorm? You need to be able to take this kind of decision 
at your site too.

The reality is that we will never be able to fully eliminate risk due 
to lightning - only reduce it. The simple economics of the situation is 
that the lower the risk the higher the financial cost. This is a thorny and 
non-trivial issue that must be approached using a solid engineering 
methodology - the past 25 years has seen good progress in this area. 
In fact, part 2 of SABS IEC 60235:2010 [1] is entirely dedicated to risk 
management. Risk is also closely linked to people - particularly their 
perceptions and their behaviour.

The first component of risk management is establishing what 
is at risk and what the tolerable risk of loss is. Essentially the main 
hazards due to lightning are:
o That a structure and its contents may be damaged.
o That electrical or electronic systems within a structure may fail. 
o  That living beings in or near a structure may be injured or killed.
Whilst it may be a relatively easy exercise to assess the risk of dam-
age to a piece of electronic equipment, its replacement cost and the 
possible economic loss due to it being out of service and to weigh 
these factors against the cost of installing a lightning protection 
system, real risk studies are seldom so simple. Well thought out and 
considered decisions must be made, for example, when considering 

B: Upward lightning flash initiated from the tower recorded at approximately 07:00, 29 December 2010.
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components critical to infrastructure, cultural heritage which may 
be irreplaceable and living beings at risk. I must stress once again 
that completely eliminating risk due to lightning is impossible even 
though advances in technology mentioned previously are going a 
long way in reducing risk.

Given the complexity inherent in lightning protection it is essen-
tial that the design is completed by an appropriately qualified and 
experienced engineer who can fully engage with the technology, 
risk and people aspects. Take a moment to think about your own 
site – I am sure there is a lightning protection system and that it is 
fully documented. However – has someone applied their mind to 
how lightning protection and safety links into other site procedures? 
Perhaps, for example, you have diesel storage tanks on the roof of a 
building and someone has been allocated the task of recording the 
fuel level on Monday afternoons. How sure are you that this person 
is aware of the risk they are exposing themselves to if they make the 
measurement with a storm approaching?

People

The most interesting theme to develop over the past 25 years is that 
of the changing nature and relationship between science and people. 
From my limited perspective as an engineer - rather than a sociologist 
- what appears to be happening is that as society is becoming increas-
ingly immersed in science and technology, so science and technol-
ogy is becoming increasingly shaped and moulded by society. The 
gap traditionally separating the two is getting smaller. You need not 
look further than modern developments such as social media - note 
the complete absence of words such as computer and technology.

So how does this relate to lightning protection? Well, as science 
and engineering professionals working in this field we are becoming 
increasingly sensitised to the needs and requirements of society. Not 
that we have not been in the past - in fact most professional codes 
of conduct talk directly about meeting the needs of society - it's just 
that this is becoming more of a focus.

It can be all too easy to completely miss the social context of a 
lightning protection system and inadvertently place peoples' lives at 
risk. What might appear to be a solid design and procedure on paper 
might be completely impractical or unrealistic when considered in 
context. Perhaps the lightning protection system for a golf club does 
not take into careful consideration human nature and the tension 
between the cost of a round and the golfers' personal sense of toler-
able risk (which may be uninformed). Think back also to the hypo-
thetical diesel fuel measurement mentioned earlier. The non-trivial 
exercise of helping a community protect themselves, either rural or 
urban, must be done with great care and must take into account very 
different beliefs and mythologies about lightning. It is important to 
separate harmless beliefs such as covering mirrors from dangerous 
misconceptions such as sheltering under the only tree in an open field.

Counter-intuitively highly educated people from urban areas are 
just as likely to expose themselves to high risk situations as are people 
from rural areas. Establishing a local lightning awareness and educa-
tion framework that is sensitive to our diverse cultures and beliefs is 

a somewhat daunting task but one that we have to tackle if we are 
to be successful in reducing the unacceptable number of lightning 
deaths. The solution will draw heavily on the three broad areas I have 
discussed, namely the use of technology, identifying and managing 
risk and fully understanding people and their beliefs.

Research into lightning mythology and beliefs is already well 
established at Wits University with Ms Estelle Trengove completing 
her PhD in this area. Exciting progress has also been made towards 
establishing what will be called the African Lightning Forum which 
will consist of lightning researchers, industry professionals, corporate 
entities with special interest in lightning protection, as well as other 
interested parties. 

Conclusion

I would like to conclude by encouraging everyone within the field of 
earthing and lightning protection to commit themselves to actively 
engage in reducing the number of lightning related injuries and deaths 
and that when Crown Publications celebrates its 50 year anniversary 
that either myself or someone else will be reporting on the great 
strides and improvements made over the past 25 years.
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