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1.0    INTRODUCTION 

Lightning is one of the most underrated natural hazards in the world today that has 
rendered untold havoc such as avoidable deaths, injury to human beings and animals, loss 
of valuables and properties, loss of public service (power outage, transient overvoltage) 

Regulations have made it mandatory in many countries like Germany that public places such 
as schools, hospitals, hotel should be provided with (LPL I) conventional lightning protection 
system.  

IEC 62305 is the recognized lightning standard all over the world. This makes it a 
conventional lightning protection standard. Design, Implementation, Maintenance of LPS to 
this standard and selection of quality lightning protection components to IEC 62561 
standard will ensure adequate protection against adverse effects of lightning. 

 The IEC 62305 standard is subdivided into 4 main parts; general principles (IEC 62305-1), 
risk assessment / management (IEC 62305-2), protection of the structure and life hazard 
(IEC 62305-3), electrical and electronic systems protection (IEC 62305-4). 

The design approach to the standard takes in to consideration adjacent structures within a 
radius of 500 metres and connected services like electric power supply and 
telecommunication system. 

 
 
 
 
    

1.1  ABBREVIATIONS 
BS  British Standard 
CRL   Calculated Risk Level 
ELPS   External Lightning Protection System 
IEC  International Electro technical Commission 
ILPS   Internal Lightning Protection System 
KA   Kilo Ampere 
LEMP   Lightning Electromagnetic Impulse 
LPL   Lightning Protection Level 
LPMS   LEMP Protection Measures System 
LPS   Lightning Protection System 
PA   Protective Angle 
PAM   Protective Angle Method 
RSM   Rolling Sphere Method 
S  Separation distance (electrical insulation distance) 
SPD   Surge Protective Device 
SPM   Surge Protection Measure 



 
 
 
 

2.0 FOUR PARTS OF IEC 62305 
2.1 General Principle (IEC 62305-1): This describes Lightning and description of vital aspect 
of other parts 

The table below depicts sources of damage, types of damage and associated loss. 
 
 
 
 
 
 
 
 
 
 
 
 
 

   Table 2.1 (IEC 62305-1 table 2) 
Damage and loss in a structure according to different points of lightning strike 
* Only for structures with risk of explosion and for hospitals and other structures where 
failures of internal systems immediately endanger human life 
** Only for properties where animals may be lost  
2.1.1 Types of damage 
Each source of damage may result in one or more of three types of damage. 
The possible types of damage are identified as follows: 
D1 Injury of living beings by electric shock (this may lead to death or permanent injury) 
D2 Physical damage (fire, explosion, mechanical destruction, chemical release) due to 
lightning current effects including sparking or flashover 
D3 Failure of internal systems due to Lightning Electromagnetic Impulse (LEMP) 
Design Criteria 
Lightning current parameters are guide to protection measures selection that will reduce 
any damage and consequential loss as a result of lightning strike 
Each LPL has a fixed set of maximum and minimum lightning current parameters 
Maximum level is used in design of lightning protection components and SPD. Minimum 
value is used in determining rolling sphere radius for each level 

LPL 1 II III IV 

Maximum 
Current KA 

200 150 100 100 

Minimum 
Current KA 

3 5 10 16 

Lightning Current for each LPL based on 10/350 µs/waveform 
   Table 2.2 
 
 

Point of 
Strike 

Source of Damage Type of Damage Type of Loss 

Structure S1 D1 
D2 
D3 

L1, L4** 
L1,L2,L3,L4 
L1**, L2, L4 

Near a 
Structure 

S2 D3 L1*, L2, L4 

Service 
connected to 
the structure 

S3 D1  
D2 
D3 

L1, L4** 
L1,L2,L3,L4 
L1**, L2, L4 

Near a 
service 

S4 D3 L1*, L2, L4 



2.1.2 LIGHTNING PROTECTION ZONES (LPZ) 
This is to ensure that equipment especially electronic systems are located at appropriate LPZ 
based on the risk assessment. This is to ensure that equipment electromagnetic 
characteristics are compatible with the equipment stress withstand or immunity capability. 
Any sensitive electronic equipment should be located in higher LPZs and be protected 
against LEMP by suitable SPM. The essence is to gradually reduce surges to a safe level 
before they reach electrical devices and cause damage. 
2.1.3 RISK ASSESSMENT 
Accurate data and risk assessment are fundamentals to the effective implementation of LPS. 
The following identify the type of loss the structure and its contents can incur. 
R1  risk of loss of life including permanent injury 
R2  risk of loss of service to the public 
R3  risk of loss of cultural heritage 
R4  risk of loss of economic value 
2.2   Risk Management (IEC 62305-2): This has to do with risk assessment and consequences 
as applicable to human life, public service, cultural heritage, economic value. 
Risk Assessment Procedure is show in the flowchart below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

Fig. 2.1 

Identify the structure to be protected 

Identify the types of loss relevant to 
the structure to be protected Rn 

R1 risk of loss of human life (including 

permanent injury) 

R2 risk of loss of service to the public 

R3 risk of loss of cultural heritage 

For each loss to be considered 
Identify the tolerable level of risk 

RT 

For each loss to be considered 
Identify and calculate the risk 

components Rx that make up risk Rn 
RA+RB+RC+RM+RU+RV+RW+RZ 

Calculate 
Rn = Σ Rx 

Rn ≤ RT 

Structure is adequately protected for 
this type of loss 

Install protection 
measures in order to 

reduce Rn 



The main purpose of the risk assessment procedure is to compare residual risk with 
tolerable risk (Table 2.3). It is a repetitive mathematical process that continues until 
sufficient protection measures are applied such that residual risk is below tolerable risk for 
the type of loss under consideration 
The complete calculation can be easily solved with the aid of software tool like ABB/FURSE’s 
STRIKERISK VS 6.0 and DEHN tool (lightning software). 
 

Types of loss       RT /annum 

Loss of human life or permanent injuries   1 x 10-5 

Loss of service to the public     1 x 10-4 

Loss of cultural heritage     1 x 10-3 

     TOLERABLE RISK (Table 2.3) 
 

Location factor CD (Table 2.4) 

 

Routing CI 

Overhead line          1 

Buried          0.5 

Buried cables running entirely within a meshed earth termination system 0.01 

   Installation Factor CI (Table 2.5) 

 

Transformer CT 

Low voltage power, telecommunication or data line 1 

High voltage power line ( with high voltage / low voltage transformer) 0.2                   

 Line type factor CT (Table 2.6) 

Environment CE 

Rural          1 

Suburban          0.5 

Urban          0.1 

Urban with tall buildings (higher than 20 m)    0.01 

Environmental factor CE (Table 2.7) 

Additional Protection Measures PTA 

No protection measures           1 

Warning notices            10-1 

Electrical insulation (e.g. at least 3 mm cross linked polyethylene) of exposed parts (e.g. down 
conductors)   

10-2

  

Effective potential control in the ground         10-2 

Physical restrictions or building framework used as down conductor     
  

0 

Values of probability PTA that a lightning strike to a structure will cause electric shock to living beings due to 
dangerous touch and step voltages (Table 2.8) 

 

 

 

Relative location of the structure                                                                                            CD 

Structure surrounded by higher objects       0.25 

Structure surrounded by objects of the same height or smaller     0.5 

Isolated structure: no other objects in the vicinity (within a distance of 3H)    1 

Isolated structure on a hilltop or a knoll       2 



2.3 Physical damage to structure and life hazard (IEC 62305-3):   
2.3.1 The focus of this part is on the four protection levels of LPS. Each protection level is 
associated with the result of risk assessment. The class of LPL is associated with the result of 
risk assessment calculation. 
The effectiveness of a lightning protection system is indicated by assigning it a lightning 
protection level between I and IV: 
• Lightning protection level I = greatest need for protection, e.g. hospitals 
• Lightning protection level II = substantial need for protection, explosive areas 
• Lightning protection level III = limited need for protection, residential buildings 
• Lightning protection level IV = smallest need for protection (not used in Germany) 
 
2.4 Electronic Systems Protection (IEC 62305-3):   
2.4.1 The protection of electrical and electronic systems within the structure against the 
influence of Lightning Electromagnetic Impulse is vital for the durability and continuous 
operation of the equipment. 
 
3.0 Design consideration of LPS: 
3.1 Lightning protection system consists of ELPS and ILPS. 
ELPS deals with protection of physical damage to structure and life hazard 
An ELPS consists of: 

• Air termination system or interception system: It captures lightning discharge 
current and dissipate harmlessly to the earth through the down conductor and earth 
termination system 

• Down Conductor system 

• Earth termination system 
 

    There are two types of ELPS: 
➢ Isolated: where the structure is constructed of combustible materials or presents a 

risk of explosion. It prevents ignition of dangerous explosive atmosphere 
➢ Non-isolated: where no risk of explosion is present such as normal residential 

building structure 
 
3.1.1 Air Termination System:  

➢ The following may be used in combination or separately as air termination system: 
Air rods (or finials), Catenary (or suspended) conductors using wire and mesh conductor 
network. 
➢ The positioning of air termination system can be determined by any of the following: 
Rolling sphere method, protective angle method, and mesh method. 

 
3.1.2.1 RSM: this uses different radii of imaginary sphere that corresponds to different LPL. 
It is applicable to all types of structure. 
r = 10 × I0.65 
Where: r = radius of rolling sphere (m) 
I = minimum peak current (kA) 
 

 



 

Class of LPL Rolling sphere radius (m) 

I 20 

II 30 

III 45 

IV 60 

Max. Values of rolling sphere radius corresponding to the class of LPS. 
(Table 3.1) 

3.1.2 PAM: this is a mathematical simplification of RSM. The PA differs with varying 
height of the air rod and class of LPS. The determination of PA is given in the table 
below. PAM is suitable for simple shaped building. 

H eight 

(h) of the 

rod in M 

LPS I 

 

LPS II LPS III LPS IV 

α Dist.(a) 
in M 

α Dist.(a) 
in M 

α Dist.(a) 
in M 

α Dist.(a) in M 

1 71 2.90 74 3.49 77 4.33 79 5.14 

2 71 5.81 74 6.97 77 8.66 79 10.29 

3 66 6.74 71 8.71 74 10.46 76 12.03 

4 62 7.52 68 9.90 72 12.31 74 13.95 

5 59 8.32 65 10.72 70 13.74 72 15.39 

6 56 8.90 62 11.28 68 14.85 71 17.43 

7 53 9.29 60 12.12 66 15.72 69 18.24 

8 50 9.53 58 12.80 64 16.40 68 19.80 

9 48 10.00 56 13.34 62 16.93 66 20.21 

10 45 10.00 54 13.76 61 18.04 65 21.45 

11 43 10.26 52 14.08 59 18.31 64 22.55 

12 40 10.07 50 14.30 58 19.20 62 22.57 

13 38 10.16 49 14.95 57 20.02 61 23.45 

14 36 10.17 47 15.01 55 19.99 60 24.25 

15 34 10.12 45 15.00 54 20.65 59 24.96 

16 32 10.00 44 15.45 53 21.23 58 25.61 

17 30 9.81 42 15.31 51 20.99 57 26.18 

18 27 9.17 40 15.10 50 21.45 56 26.69 

19 25 8.86 39 15.39 49 21.86 55 27.13 

20 23 8.49 37 15.07 48 22.21 54 27.53 

21   36 15.26 47 22.52 53 27.87 

22   35 15.40 46 22.78 52 28.16 

23   36 16.71 47 24.66 53 30.52 

 24   32 15.00 44 23.18 50 28.60 

25   30 14.43 43 23.31 49 28.76 

26   29 14.41 41 22.60 49 29.91 

27   27 13.76 40 22.66 48 29.99 

28   26 13.66 39 22.67 47 30.03 

29   25 13.52 38 22.66 46 30.03 

30   23 12.73 37 22.61 45 30.00 

31     36 22.52 44 29.94 

32     35 22.41 44 30.90 

33     35 23.11 43 30.77 

34     34 22.93 42 30.61 

35     33 22.73 41 30.43 

36     32 22.50 40 30.21 

37     31 22.23 40 31.50 

38     30 21.94 39 30.77 

39     29 21.62 38 30.47 

40     28 21.27 37 30.14 

 

Table 3.2 (PROTECTIVE ANGLE α DEPENDING ON THE CLASS OF LPS ) 

α: is the protective angle of protection; a: is the horizontal distance coverage  

 
 



3.1.3 The mesh method: A “meshed” air-termination system can be used universally 
regardless of the height of the building and shape of the roof. A meshed air-termination 
network with a mesh size according to the class of LPS is arranged on the roofing.  
Note: On all structures particularly with flat roofs, the perimeter conductor should be 
installed as close to the outer edges of the roof as practicable. Also the volume or zone of 
protection shall be determined only by the real physical dimension of the air termination 
system.  
 
3.1.4 Natural components (as Air Termination System): 
Metal roof can be used as part of air termination subject to the minimum thickness given in 
table 3 of IEC 62305-3 for puncture proof against lightning strike  
 

Class of 
LPS 

Material Thickness(1) 
t (mm) 

Thickness(2) 
t (mm) 

 
 
 
 

I to IV 

Lead - 2.0 

Steel 
(stainless, 
galvanized) 

4 0.5 

Titanium 4 0.5 

Copper 5 0.5 

Aluminium 7 0.65 

Zinc - 0.7 

Table 3.3  (IEC 62305-3 Table 3)  
 
(1) Thickness t prevents puncture, hotspot or ignition (thickness required as lightning material) 

(2) Thickness t’ only for metal sheets if it is not important to prevent puncture, hotspot or ignition (normal 
thickness of roofing sheets) 

 

3.1.5 Down Conductors: The more the number of down conductors the better for 
effective and harmless routing of lightning stroke current to earth termination system. 
The number of down conductors can be roughly determined by ratio of collection 
area to base area of the structure [ (L W + 2 (3 H) (L +W) + π (3 H)2

  / (L +W) ].  

The spacing between down conductor to prevent flashover is given in the table 3.4 
below. The looping of down conductor should be avoided.  
Note: Each of the down conductor shall its own separate earth electrode and all the 
earth electrodes including that of power system, telecommunications, 
instrumentation shall all be equipotential connected together that is Integrated 
Earthing System shall be implemented as required by the standard. 
 

Class of LPS Typical 
distances(m) 

I 10 

II 10 

III 15 

IV 20 

Table 3.4 
Typical values of the distance between down conductors according to the class of 
LPS (IEC 62305-3 Table 4) 



 
Natural Components as down conductors: the use of metal within the structure is 
permitted as down conductor using dedicated reinforced bar or alternatively to run a 
dedicated 70mmsq copper conductor from the top of the structure to the foundation 
prior to pouring the concrete but there will be need to ensure electrical continuity 
from air termination system to the earth termination system. 
 
3.1.6 Earth Termination System: 
A very good low earthing resistance value between electrode and earth will ensure safe and 
effective discharge of lightning current to ground. A choice of corrosion resistant material 
like galvanized is recommended for durability etc. IEC recommended value is 10 ohm or 
less. 
The standard recommends a single integrated earthing termination system for the structure 
comprising lightning protection, power system and telecommunication. 
 
3.1.6.1   Types of Earth System arrangement: 

➢ Type A: each earth conductor is connected to either horizontal or vertical earth rods 
➢ Type B: this refers to bare copper conductor in direct contact with earth (min. 80% of 

its overall length must be in contact while 20% may be in basement of the structure 
forming a ring around the structure 

➢ Foundation Earth Electrodes: conductors like rebar that are installed in the concrete 
foundation of the structure. It is sometimes use for augmentation. 

 
3.1.7 Separation (Isolation) distance of ELPS  
There is a mandatory electrical insulation or separation distance between ELPS and adjacent 
metal object or metallic element to prevent flashover between adjacent conductors. 
Electrical insulation distance between the metallic parts can avoid dangerous spark or flash 
over), the separation distance s for preventing uncontrolled flashover is calculated as 
follows: 
S =       KI x KC   . L 
 KM 
 
The separation distance is determined by means of the length 
(l) of the down conductor, the class of LPS (ki), the distribution 
of the lightning current to different down conductors (kc) and 
the material factor (km). 
In general, it is advisable to assume the worst case and to use 
a material factor km = 0.5 
CLASS OF LPS KI 

I 0.08 

II 0.06 

III & IV 0.04 

Table 3.4 
Note on application of electrical insulation distance: Metallic elements like doors, 
windows, handrails etc should be at least 2 metres from any ELPS part. This is 
equally applicable to Tree and/or its branches, 



 
 
4.0 INTERNAL LPS 
It deals with protection of permanent failure or malfunction to electrical and electronic 
system within a structure against lemp by LPMS (also referred to as SPM)  
Protection of electrical and electronic systems within the building against lightning is critical 
for continuous operation of the equipment. 
This can be achieved through equipotential bonding either directly by equipotential bonding 
conductor or coordinated SPD for electrical and electronic equipment or isolated spark gap 
for pipeline infrastructure. Equipotential bonding SPDs (Type 1 or Combined Type 1+2) must 
be installed at the service entrance, to remove risk of flashover. 
 
4.1 Risk Assessment for SPD (This simplified approach is applicable only to ILPS): For a 
simple structure like residential building, simplified risk assessment derived from the 
complete and complex risk assessment of BS EN 62305-2 may be used as per clause 443.5 of 
BS 7671.  
If the CRL (calculated risk level) value is less than 1000 (or less than a 1 
in 1000 chance) then SPD protection shall be installed.  
Similarly if the CRL value is 1000 or higher (or greater than a 1 in 1000 chance) then SPD 
protection is not required for the installation. 
 Calculated Risk Level CRL is given thus: 
CRL = fenv / (LP x Ng) ............eqn. 4.0 

Where: 
• fenv is an environmental factor and the value of 
fenv shall be selected according to Table 443.1 
• LP is the risk assessment length in km 
• Ng is the lightning ground flash density (flashes per km² per year) relevant to the location 
of the power line and connected structure 
The fenv value is based on the structure's environment or location 
 
Risk assessment length LP 
The risk assessment length LP is calculated as follows: 
LP = 2 LPAL + LPCL + 0.4 LPAH + 0.2 LPCH (km) 
Where: 

o LPAL  is the length (km) of low-voltage overhead line 
o LPCL  is the length (km) of low-voltage underground cable 
o LPAH  is the length (km) of high-voltage overhead line 
o LPCH  is the length (km) of high-voltage underground cable 

 
Note: After the risk assessment confirmation of the need for SPD. One of the basic 
parameters in SPD selection is its voltage protection level (UP). The SPD’s voltage protection 
level (UP) must be lower than the rated impulse voltage (UW) of protected electrical 
equipment. SPDs offer voltage protection levels (UP) considerably lower than equipment's 
damage thresholds. Impulse withstand voltage (Uw) is the maximum value 
of surge voltage that an item of equipment can withstand before permanent damage 
through breakdown or spark over of insulation. 
 
 



 
 
 
 
 

5.0  ASSESSMENT OF NEED FOR LIGHTNING PROTECTION  

The easy method of assessing the need to provide lightning protection for a simple  
structure like residential building can be accomplished by considering only risk of shock to 
human beings and animals instead of using more extensive risk assessment procedure to 
assess whether or not lightning protection for a particular structure would be required 
 
The following assumptions will be taken for residential building 
The building height is less than 20M 
The probability of damage is certain (physical damage is certain i.e 1) 
Risk of shock (death or permanent injury) is the only loss that will be considered  
Note: This approach is meant for quick estimate only. It is not meant to replace detailed risk 

assessment calculation in fig 2.1 as well as equation Rx = Nx Px Lx  as per IEC 62305 
 
Rx = Nx Px Lx  as per IEC 62305 
where 
Nx is the number of dangerous events, i.e. the frequency 
of lightning strikes causing damage in the area under 
consideration (How many dangerous events occur 
each year?); 
Px is the probability of damage (What is the probability 
that a dangerous event causes certain damage?); 
Lx is the loss factor, i.e. the quantitative evaluation of 
damage (What are the effects, amount of loss, extent 
and consequences of a certain damage?). 
 
ND = NG AD CD 10-6 
AD = L W + 2 (3 H) (L +W) + π (3 H)2 
ND = the probable number of strikes per year; 
RT = acceptable / tolerable risk (1 x 10-5 for human beings and life stock) 
RD = overall risk; 
NG = lightning flash density: the number of flashes to ground per km2 per year; 
AD = collection area of a structure (m2) 
CR is a correction factor which considers the influence of the location, installation, line type 
and environmental factors. 
Example: Significance and/or effect of tables 2.4, 2.5, 2.6, 2.7 on structure with same dimensions, 

contents and location NG 

Consider a structure with the following dimensions  
L = 15M , W = 20M, H = 6M 

AD = L W + 2 (3 H) (L +W) + π (3 H) 2 
AD  =  15 x 20 + 6 x6 (15+20) + π(3 x 6)2 

AD = 300 + 1,260 + 1,018 
AD = 2,578 m2 

Case 1: Assuming the structure is located in Urban Area surrounded by higher objects (NG = 
11). Solution: Urban area = 0.1 (table 2.7), Surrounded by higher objects = 0.25 (table 2.4) 



Overall Correction factor = 0.25 x 0.1 = 0.025 

ND  = 11 x 2, 578 x 0.025 x 10-6  = 708. 95 x 10-6  
Since RD is less than RT  . Protection may not be required 
Case 2 : Assuming the structure is located in  Rural area with no other structure in the 
vicinity (NG = 11) 
Overall Correction factor = 1 x 1 = 1 

ND  = 11 x 2, 578 x 1  x 10-6  = 28, 358 x 10-6 = 28.3 x 10-5 
Since RD is greater than RT . Protection is mandatory 
 

CONSTRAINTS: No relevant source of NG data for different locations in Nigeria as obtainable 

in other countries of the world 

                        

6.0   CONCLUSION 

The need for design and installation of conventional LPS to IEC 62305 standard is vital for  

• Protection of human beings and animals  

• Avert destruction of properties due to fire, explosion, mechanical damage due to 
lightning havoc 

• Preservation of cultural heritage 
It is pertinent that all residential buildings especially in a sparsely populated area to be 
equipped with LPS.   
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