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Abstract: Lightning phenomenon over the years has been 

subject of debate of scientists as well as that of people. For some, it 
is the manifestation of their deities, and, for others it is nothing 
but a simple display of colors along with fearsome sounds with a 
destructive power. We know by the work of scientists like 
Benjamin Franklin (18th century) that it was not what we used to 
think, and, has some explanations. We now, have understood how 
the clouds get charged, and how they, in turn, induce charges on 
the surface of the earth below them. The different types of strokes 
were also better understood along the way. With the grasp of the 
real phenomenon, scientists worked out its multiple threats to 
transmission lines, and therefore, came up with some protective 
devices to avoid the total catastrophe that could occur should these 
strokes be left without any preventive measures. Hence, many 
protective devices came to life with special applications; one of 
which the lightning arrester. The latter one helps a lot, especially 
nearby substations by grounding lightning induced energy. We 
also know that scientists have been discussing the possibility of 
capturing lightning energy, and, use it to compensate the deficit in 
energy demand from the world needs in terms of energy. We are 
using here a capacitor-lightning arrester combination to try and 
store the lightning-induced energy in transmission lines. We shall 
carry out this work by making use of the ability of the capacitor 
while subjected to a surge, and then, find out about the energy it 
can store by getting charged up. we shall also make use of 
SmartDraw software for our designs and models. The aim here is 
to target how we could possibly break the grounds in the mastering 
of the ever-lost lightning energy to ground. 

Keywords: Lightning phenomenon; strokes; multiple threats; 
protective devices; lightning arrester; capturing.  

I. INTRODUCTION 

We all know how destructive can lightning-induced 

energy in a transmission line be for equipment installed in 
order to better supply electricity. We thank the lightning 
protective devices a lot for the tremendous relief they have 
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been giving as far as grounding this energy goes. In fact, it 
has always been this case of lightning arresters grounding 
huge amount of lightning energy induced in transmission 
lines, and, the debate is wrapped up, since indeed, the 
looming threat to the dynamic work of installed equipment in 
the system has found its way to ground. We also know that 
lightning energy has for a long time been the discussion 
subject for many scientists as far as its capturing and storing 
go. In light of what has just been said, we have been thinking 
to come up with a capacitor approach to capturing this energy 
grounded through lightning arresters. It is, however, very 
important to state that we are not by any means stating this 
approach is effective. We will, on the contrary see how can it 
be a possible way to it. The forthcoming sections will be 
discussing this approach. 

II.  SUPPORTING LITERATURE REVIEW 

Sanketa Shivalli PG student [1], Power systems branch, 
NIE college, Mysuru presents a review of lightning 
phenomenon, its effects and sets a methodology to be 
followed to provide a solution to both the direct and indirect 
effects of a lightning strike. Vladimir A. Rakov [2], 
Department of Electrical & Computer Engineering, 
University of Florida, Gainesville, FL, USA, presents a 
review of lightning protection concepts introduced by 
Benjamin Franklin (18th century) and James Clerk Maxwell 
(19th century) is given. Modern approaches to lightning 
protection of various structures and systems are discussed. In 
particular, the widely used electrogeometrical model (one 
version of which is the Rolling Sphere Method) and the 
topological shielding are presented. Bonding requirements, 
needed to avoid side flashes (in air or in the soil), are 
discussed. Lightning parameters important for lightning 
protection are reviewed. A. Kalair, N. Abas and N. Khan [3], 
Department of Electrical Engineering, COMSATS Institute 
of Information Technology, Park Road, Islamabad, Pakistan 
describes lightning characteristics, damage thresholds to 
humans, machines, energy infrastructures, airplanes, wind 
turbines, light railway tractions, underground cables and 
pipelines. Power and energy lifelines such as transmission 
lines, oil tankers and gas or petroleum pipelines are 
susceptible to lightning strikes. Artificial rocket and laser 
triggered lightning protection and control techniques help to 
divert the lightning attacks. Interaction of lightning with 
power and energy infrastructures disrupts these lifelines.  
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However, lightning itself is viewed as an extraterrestrial 
energy source. Lightning energy harvesting is an interesting 
application which has been investigated quantitatively. M.R. 
Ahmad, M.R.M. Esa, M. Rahman, V. Cooray and E. 
Dutkiewicz [4], analyze the interference of lightning flashes 
with multiple antennas wireless communication systems 
operating in the microwave band at 2.4 GHz and 5.2 GHz. A 
bit error rate (BER) measurement method was used to 
evaluate BER and packet error rate (PER) during 5 heavy 
thunderstorms on January 25 and March 17 to 20, 2011, 
respectively. In addition, BER measurements also were done 
on January 21 and March 30, 2011 under fair weather (FW) 
conditions providing a baseline for comparison. The 
Transmitter-Receiver separation was fixed at 10 meters with 
line-of sight (LOS) consideration. they inferred that lightning 
interfered with the transmitted digital pulses which resulted 
in a higher recorded BER. The maximum recorded BER was 
9.9·10-1 and the average recorded BER and PER were 
2.07·10-2 and 2.44·10-2 respectively during the 
thunderstorms with the average fair weather BER and PER 
values under the influence of adjacent channel interference 
(ACI) and co-channel interference (CCI) being 1.75·10-5 and 
7.35·10-6 respectively. They concluded that multiple 
antennas wireless communication systems operating at the 
microwave frequency can be significantly interfered by 
lightning. 

A. Gaps 

As stated earlier in the introduction, lightning phenomenon 
has always been a fantastic display of nice colors in the sky as 
certain children say. However, these fantastic displays when 
it comes to transmission lines are very stressful, since, it 
means probably high voltages being induced in these lines, 
and therefore, resulting in potential threats to the welfare of 
equipment installed to assure continuous supply of energy to 
people. We talk a lot about the grounding of the lightning 
induced energy in transmission lines to ensuring the safety of 
equipment installed, and therefore, availability of electricity 
supply to people. We also talk a lot about insufficiency of 
generated energy to meet the demand of people in terms of 
energy. Hence, the development of Renewable Energy 
harvesting devices, fuel cells devices, etc... have been on the 
table for quite some time now. We also know that scientists 
have been talking about capturing lightning energy, since, a 
single thunder clap embodies itself millions of volts. We also 
know how difficult it can get to capturing this energy, 
especially, as the lightning phenomenon does not occur every 
day and cannot be so easily predictable. This possibility of 
capturing lightning energy will constitute the spine of our 
work. 

B. Objectives 

In our work of presenting the approach of capacitor to 
capturing the lightning energy, we shall be following specific 
steps that are presented as follows: 

• Presenting the model of a capacitor inserted in 
between a surge arrester and the ground. 

• Design the capacitor. 

III. PROPOSED METHODOLOGY 

In our work, we shall be making use of smartDraw software 

to present the model we shall be working on in order to 
achieve our objectives. It is, therefore, important to mention 
that we do not claim any perfect design of our model, and, it 
should be noted that we are just attempting to present the 
model to its best. 

We shall, first of all, give a review and a quick explanation 
of the system that is protected against lightning-induced 
voltage by surge arresters. Then, we shall be proposing our 
capacitor-based approach to storing the energy being 
grounded owing to the help of the surge arrester. Without 
further ado, let us present the normal protection system 
against lightning surges using a lightning arrester. 

A. Common Lightning Protection at Substation Level 

The lightning voltage induced in a transmission line travels 
across it in both the directions. In our case here, we shall 
consider an induced voltage E travelling across a line towards 
a substation. A simple protective system consisting of a 
lightning arrester L.A connected in parallel to the substation, 
and, an inductor. One may wonder as to why a lightning 
arrester and an inductor before the substation. This is because 
the lightning arrester has the duty of grounding the excessive 
lightning-induced voltage in the line since, the inductor is set 
to allow the normal frequency voltage to flow through it with 
negligible resistance from it. On the other hand, a voltage 
frequency higher than that of the system will face a huge 
resistance from the inductor, and therefore, will be left with 
no other alternative than flowing to ground by breaking down 
the lightning arrester Fig 1. 
 

 
Figure. 1. 

B. Capacitor-based model for storing lightning energy 

We saw in the common protective way against lightning at 
substation level that the lightning-induced voltage is 
successfully grounded once it has arrived at the Lightning 
Arrester. Even though it is indeed a relief for equipment liable 
to be damaged, we think of the matter as an adequate source of 
storing cost-free energy. Indeed, the generation of energy to 
be supplied to people cost insanely a lot of money. On the 
other hand, being able to get cost-free energy would really be 
a huge help to our already fragile economies worldwide. Fig 2 
shows a capacitor in series with the lightning arrester so as to 
get charged following the breaking down of the latter due to 
overvoltage in the transmission line. Let us present as for now, 
how we are going to make use of the capacitor. 
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Figure. 2. 

C. Behavior of the capacitor to a surge 

We are assuming this behavior to be the same of a line 
terminated with a capacitor. A charging current flows 
through it and at the moment of arrival of the incident wave 
(of value E volts) the capacitor acts as a short circuit. At this 
instant the reflected voltage wave is -E (because initially the 
charge across the capacitor is zero) and the current of the 
incident wave is momentarily doubled. As the capacitor gets 
charged the terminal voltage rises. Finally, the capacitor 
becomes fully charged; it then behaves as an open circuit for 
the terminal current is zero and the voltage of the incident 
voltage is doubled [5]. Fig.3 shows the circuit. 
 

 
Figure. 3. Transmission line terminated by capacitance C 

To sum up, if a line is short-circuited at the receiving end, i.e., 
Z = 0, then the transmitted and reflected waves are given as 
[5]: 

 (1) 
 (2) 
 (3) 

 
 

The waves are shown in Fig 4 

(4) 

 
Figure. 4. Reflection of waves at short circuit 

We should also keep the following expressions in mind since 
they might come in handy later on. 
 

 
 

(5) 

 
 

(6) 

 
 

(7) 

 
 

Where,  is the characteristic impedance of the line 
the voltage and current are being transmitted on;  
Z is the impedance at the termination of the latter line; 
E is the incident voltage; 

 is the transmitted voltage; 
 is the reflected voltage, and, so is the case for the 

currents. 

(8) 

In view of all we have now, we can proceed to find out about 
our capacitor as follows: 
In Fig 3, let us consider , the transmitted voltage to 
the capacitor. 

, is the charging current of the capacitor.  
We use here the lower-case expression to show that those 
values are instantaneous. 
We know that 

d , and also 
 

d . 
 

 
 

 

 
 

 
 

 
 

 
 

Now, let us consider the incident wave e to be of constant 
value E, so that its time derivative is zero. We, therefore have 
 

 
 
 

 

(9) 

Where A is a constant of integration that can be obtained from 
initial conditions. 

At t=0;  ;  
We can therefore have 

 
 

 
 
Substituting the expression of A in (9), we now have 
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(10) 

From equation (7), we have 
 

Then, 
 

 
 

Finally, 

 
 

(11) 

Equations (10) and (11) are the reflected and transmitted 
voltages to the capacitor respectively. 
Furthermore, from (11) we can get the expression of the 
capacitor as being 
 

 

(12) 
 
 

IV. RESULT AND DISCUSSION 

As at the very beginning we mentioned that our proposal to 
storing will be a capacitor-based one, and that, our major 
focus would be to succeed in designing it so as to store that 
lightning energy in order to use it much later, we have finally 
come to the end of the theoretical analysis greatly helped by 
existing notions about travelling waves in transmission lines. 
We have got the expression of the energy that could possibly 
be stored in the capacitor as in (11), and therefore, have also 
got that of the capacitor as in (12). These would have been 
great results if there had not been the expression of the 
reflected voltage as in (10) result of the fact that the capacitor 
could not store all the lightning energy. Since we all know that 
the connection to the ground from the Lightning Arrester 
should not cause any problem, but the reflected voltage is to 
travel along the connection between the capacitor and the 
Lightning Arrester, this could cause arcing problems, and a 
higher risk of burning and likely damage to the system. In 
view of all the results, our main outcome i.e., storing lightning 
energy through our combination in Fig 3 will not be of good 
use, but is, however, a sign of the difficulty of capturing 
lightning energy. We must, however, continue thinking about 
a way of storing this energy to the great benefit of humanity.  

V. CONCLUSION  

We used all the useful information required about the ability 
of a capacitor to store energy by getting charged up, and also, 

the required knowledge about both refraction and reflection 
at joint points to make sure the results are fitted within all the 
pre-existed ranges. We successfully got the expected 
information about the expression of the energy by stored by 
the capacitor, but then again, the possibility of reflection 
mentioned thereof, showed us, however, that some amount of 
energy that would be reflected off the capacitor due to joints 
is likely to damage the connections, and even, causes some 
burnings, since, it is indeed in the area between the lightning 
arrester and the capacitor. 
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