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Project Lumen is the world’s largest light emitting display. 
This world first is located approximately 140 m above the 
Johannesburg skyline on top of the ABSA Towers building 

and is an instantly recognisable landmark. The screens dubbed 

‘Lumen’ are bigger than those that make famous London’s Pic-

cadilly Circus and New York’s Times Square. Lumen uses the 

most advanced LED technology on such a large scale making 

it a world first.

The installation of an ‘Isolated’ lightning protection system through the use of HVI conductors in ‘Project Lumen’ repre-

sents the most up to date lightning protection technology available in the world today.

Project Lumen: Lightning  
protection innovation
By T Manas, Pontins

Project Lumen comprises four giant LED displays, each almost twice 
the size of a basketball court (40 m long, 18 m high). These can be 
seen from many kilometres away. Since being ‘switched on’ in No-
vember 2013, the LED screens have been continually damaged by 
direct lightning strikes owing to various factors like Johannesburg’s 
high lightning density (11,7 strikes per km² per year), the height of 
the LED screens (138 m) and the susceptibility of the technology to 
lightning damage.
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Abbreviations/Acronyms 

LED  – Light Emitting Diodes
HVI  – High Voltage Insulated
LPL  – Lightning Protection Level
CCTV  – Closed Circuit Television

Details of calculation
• Selected class of LPS: 1
• Current intensity: 200 kA
• Insulation coefficient (km): 1
• Potential level: 127 m
• Reserved 88 cm

The only practical method of ensuring the separation distance of 
88 cm was to make use of HVI conductors.

Zero potential point

The existing concrete steel reinforcing was exposed in various posi-
tions and was then tested for electrical continuity between the various 
points. Through this rigorous range of tests it was determined that 
the existing concrete steel reinforcing of the structure was in fact 
interconnected and should be utilised as natural down conductors 
and natural earth electrodes.

The use of the concrete steel reinforcing enhances the current 
division of the lightning current in the case of a direct strike and it 
also enabled us to raise the zero potential point from ground level 
to roof level making the lightning protection design more effective.

HVI conductors

The calculation of the separation distance forms the basis for the 
decision whether and which HVI conductor can be used for the instal-
lation. Therefore the entire Project Lumen design (Isolated LPS) is 
based upon the calculated separation distance of 88 cm, the lightning 
protection level (LPL1) and the length of the down conductor to the 
zero potential point.

How do HVI conductors work?

The basic principle of HVI conductors is that the lightning current 
carrying conductor is covered with insulating material to ensure that 
the required separation distance from other conductive parts of the 
structure is maintained. In order to perform properly the HVI conduc-
tor must fulfil the following requirements:
• Have sufficient electric strength of the insulation in case of light-

ning voltage impulses along the entire HVI conductor

Lumen was equipped with a lightning protection system using the old 
‘cross bonded’ protection method. There was no separation distance 
between the lightning protection conductors and the LED panels or 
the electrical or data supply cables to the panels. This resulted in the 
entire LED system being vulnerable to partial lightning currents which 
then caused substantial damage to the LED system. The solution to 
the problem was to install an ‘Isolated’ lightning protection system 
where the lightning protection conductors are separated or isolated 
from the LED screens and frames.

Detailed design

The detailed lightning protection design and installation followed the 
requirements of the SANS / IEC 62305 [1] standards. To this end, the 
procedures as described below were followed:

Risk assessments and separation  
distance calculations

The lightning protection risk assessments and separation distance 
calculations were calculated using the DEHN Toolbox and were 
conducted in accordance with SANS / IEC 62305 Part 2 [1]. The risk 
assessments resulted in a lightning protection level 1 (the highest level 
of protection) being required for the site. The separation distances 
were calculated using a LPL1 with an insulation factor of 1 for air and 
the zero potential point being at a height of 127 m (roof level). The 
resultant separation distance was 88 cm.

Separation distance calculation.
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The basic principle of HVI conductors is 
that the lightning current carrying conductor 
is covered with insulating material to main-
tain the required separation distance from 

other conductive parts of the structure.

• Prevention of creeping discharge
• Have sufficient current carrying capability via sufficient cross 

sectional area of the inner conductor

Components of an HVI conductor.

The specifically designed HVI conductors allow for the prevention of 
creeping discharge and the safe dissipation of the lightning current 
into the ground. 

HVI conductors via their semi-conductive sheath prevent creep-
ing discharge of the lightning current by specifically influencing the 
electric field within the ‘sealing end’ range. Therefore the lightning 
current is trapped into the special cable and is safely dissipated 
while maintaining the required separation distance. It is of vital 
importance that the electric field within the ‘sealing end’ range not 
be interfered with.

Types of HVI conductor

Since 2003, three different types of HVI conductor have been de-
veloped to meet the growing requirements of different installation 
environments:
• HVI light conductor [separation distance = 45 cm (air), 90 cm (solid 

material) - suitable for LPL 3, 4]
• HVI long conductor [separation distance = 75 cm (air), 150 cm 

(solid material) - suitable for LPL 2 ,3, 4]
• HVI power conductor [separation distance = 90 cm (air), 180 cm 

(solid material) - suitable for LPL 1, 2, 3, 4]

The HVI power conductor was found to be suitable for the Project 
Lumen installation. 

Maximum HVI conductor length

Based upon the separation distance calculations SANS / IEC 62305 
Part 3 [1], the maximum conductor length of the HVI conductors was 
calculated as follows:

Where:
km = Insulation material - air = 1
S = Separation distance = 0,88 m
ki = Selected Lightning Protection Level (LPL 1) = 0,08
kc = Number of down conductors = 1

Therefore: 
Lmax = 11 m

The maximum HVI conductor length of 11m would not be sufficient to 
meet the requirements on the site due to the fact that the length to the 
zero potential point (concrete steel reinforcing) was 18 m. Therefore 
a lightning protection system using two HVI down conductors from 
the air terminals had to be designed!

Isolated air termination system

The air termination system was designed to intercept the lightning 
strike and prevent penetration into the protected space (i.e. LED screens 
and frames). The air termination system was designed in accordance 
with SANS / IEC 62305 Part 3 [1] using two methods of protection:

Angle of protection

The angle of protection was calculated using a lightning protection 
level 1 system at a height of 18 m. The calculated angle of protection 
= 27 °, which gives a zone of protection of 9,17 m from the top of the 
air terminal. This zone of protection covers the structural steelwork 
of the LED frames.
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Rolling sphere method

In accordance with a lightning protection level 1 system a sphere with 
a radius of 20 m was used to determine the height and positioning 
of the air terminals.

There are two applicable distances between the air terminals; namely 
12 m apart and 16 m apart. The sag of the sphere (20 m radius - LPL1) 
is calculated using the following formula:

P = r - [r² - (d/2)²]

Where:  
P  = Penetration depth (sag)
r  = Radius of sphere (20 m)
d  = Distance between air terminals

The calculated sag between the air terminals is therefore:

- 12 m distance = 0,92 m
- 16 m distance = 1,67 m

The area between the air terminals is therefore covered via the rolling 
sphere method of protection.

Isolated air termination system 
Air termination masts and brackets

In order to comply with the design requirements, i.e. two 3 m masts 
to be installed to the top of the steel LED frames, specialised mast 
brackets had to be designed and manufactured to house the 3 m 
long HVI power masts.

Down conductor system

Each mast location is equipped with two HVI power down conductors 
that run from the mast connection point to the zero potential con-
nection point (concrete steel reinforcing). The HVI down conductors 
are fixed to the structural steelwork (I-Beams) by means of stainless 
steel clamps and brackets.

Installation of HVI Down conductors.

Earthing and equipotential bonding

The correct earthing and equipotential bonding of the Lumen light-
ning protection system is imperative for the effective protection of 
the LED screens. To this end the following measures were employed:
• The HVI conductors were positively bonded to the concrete steel 

reinforcing of the structure at a level below the LED frames
• The concrete steel reinforcing was tested in numerous positions 

and found to be electrically continuous with various parallel paths 
to earth

• The use of the concrete steel reinforcing vastly increases the cur-
rent division capabilities of the entire lightning protection system

Earthing of HVI power conductors.

Equipotential bonding

The semi-conductive sheath of the HVI power conductors were equi-
potentially bonded to the electrical earthing system at a level below 
the LED frames. In turn the electrical earthing system was bonded to 
the concrete steel reinforcing at ground floor level. The LED screens 
and frames are equipotentially bonded to the electrical earthing 
system via the electrical reticulation.

In order for the HVI system to work properly it is imperative that 
this equipotential bonding be performed.
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Trevor Manas started his lightning protection career at 
Pontins in 1991 as an installation technician, learning 
the ropes by working on various sites and doing physical 
installations. Within two years, he was promoted to a sales 
engineer position, where he was involved in site assess-
ments, soil resistivity surveys and compiling quotations. In 
1996, Trevor was promoted to the position of director and 

was in charge of ensuring the company`s compliance with the earthing and 
lightning protection codes of practice. In 1999, Trevor became the manag-
ing director of Pontins and over the past 16 years, Pontins under Trevor`s 
guidance has strived to offer protection solutions for some of South Africa`s 
largest and most prestigious projects. In 2013, Pontins formed a partnership 
with DEHN Africa which gave Pontins access to world class cutting edge 
lightning protection technologies like the HVI protection system and DEHN`s 
renowned surge protection devices. Enquiries: Email trevor@pontins.co.za

Current division properties

The Project Lumen lightning protection design incorporates various 
current division properties to enhance the effectiveness of the light-
ning protection system. The current division of the lightning impulse 
current begins at the point of strike where the two air termination 
masts are joined together by means of a bridging bracket and a 
500 mm finial, therefore the lightning current is immediately divided 
at the point of strike. The already divided lightning current is then 
trapped within the HVI conductors preventing any creeping voltages 
onto LED system until it reaches the connection to the concrete steel 
reinforcing whereby it is dissipated by literally thousands of paral-
lel paths to earth. The concrete steel reinforcing also allows for an 
extremely low resistant path of dissipation.

Lightning protection layout

High level design drawings were produced including 3D and Top 
View layouts to ensure that the on-site installation was carried out 
exactly as per the design parameters.

Installation

The installation of this lightning protection system was no mean feat.
The installation of the masts and running of the HVI conductors at over 
140 m above Johannesburg’s skyline presented various installation 
challenges with particular attention being paid to the safety aspects 
of this type of installation.

Conclusion

The structural lightning protection was installed in conjunction with 
the installation of additional surge protection devices to form the 
complete lightning protection system. The complete lightning protec-
tion system was completed in December 2014 and there have been 
no reported damages to the LED system since then. We are, through 
ABSA CCTV system, monitoring the effectiveness of the HVI lightning 
protection system and we will be sharing any footage of lightning 
striking the protection system as and when we obtain such footage.
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