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× Background

Importance of lightning protection 

High lightning density in tropical regions ASEAN/Myanmar

Increasing dependence on electrical infrastructure 

Sensitive modern equipment

Impact on power reliability

ñLightning is one of the major external threats to power system reliability.ò

Introduction

2



Understand lightning phenomena 

Understand lightning effects 

Identify impacts on power systems 

Identify protection methods 

Apply practical engineering solutions

Present practical protection methods

Objectives
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ÅCloud-to-ground lightning 

ÅDirect vs indirect strikes 

ÅTransient overvoltage

×Electrostatic discharge between cloud & ground 

×Voltage: up to millions of volts 

×Current: 10ï200 kA

Lightning Fundamentals

What is Lightning?

Lightning Fundamentals
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Direct lightning strike 10/350 µs Indirect Lightning Strike 8/20 µs

Overvoltage created by the lightning, stroke is 

characterised by the 1.2/50 µs voltage
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×Peak current: 30ï200 kA 

×Rise time: microseconds 

×High energy

×Fast rise time (µs) 

×High peak current

Lightning Waveform Lightning Characteristics

7



Impact On Power Systems

Generation Systems

×Generator insulation stress 

×Control system damage

Transmission Systems

×Line tripping 

×Tower flashover

Distribution Systems

×Transformer damage 

×Consumer outages

Industrial & Buildings

×Sensitive electronics failure 

×Fire hazards

ü Insulation breakdown 

üTransformer failure 

üRelay malfunction 

üSystem outage

üOvervoltage 

üEquipment failure
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Myanmar / ASEAN Context

üHigh lightning density due to the tropical climate. 

üFrequent convective stormsŸ high risk of: 

×Direct lightning strikes 

× Induced surges in transmission and distribution systems 

üAnnual lightning flash density in ASEAN is among the highest in the world, especially 

during monsoon seasons. 

üἹ Impact:

× Increased failure of transformers, insulators, and overhead lines 

× Frequent outages in rural and urban grids

Tropical Thunderstorms
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üMany installations (especially older or rural systems) suffer from: 

×High earth resistance (> 10 ohms in some areas) 

×Poor soil conductivity (dry, sandy, or rocky conditions) 

üLack of standardised grounding design based on IEEE 80 / IEC 62305

Impact:

üIneffective dissipation of lightning current 

üHigher risk of: 

×Equipment damage 

×Step and touch voltage hazards 

×Fire incidents

Weak Grounding Systems
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üRapid urbanisation in cities like Yangon and across ASEAN 

üGrowth in: 

×High-rise buildings 

×Industrial zones 

×Renewable energy systems (solar farms, EV charging) 

üChallenge:

üMany new projects do not fully integrate lightning protection systems (LPS)at design stage 

üInconsistent enforcement of international standards like: 

×IEC 62305 

×Institute of Electrical and Electronics Engineers guidelines

ñMyanmar and ASEAN face a high lightning risk + weak grounding + rapid infrastructure 

growth ðmaking robust lightning protection not optional, but essential.ò

Increasing Infrastructure Development
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Protection Philosophy
How air terminals intercept lightning strikes:

1.As a thunderstorm cloud approaches, a stepped leader(downward electrical channel) extends from the cloud 

toward the ground surface

2.The air terminal's pointed tip generates a concentrated electric field and launches an upward streamer toward the 

descending leader

3.When the upward and downward channels meet in mid-air, a conductive pathway forms

4.Lightning current flows through the air terminal, down the conductor, and into the grounding system

Why lightning preferentially strikes air terminals:

ÅHeight advantage:Air terminals are positioned at the highest points, providing the shortest path to ground

ÅSuperior conductivity: Metal construction conducts electricity far better than building materials

ÅElectric field enhancement:The pointed geometry of air terminal tips concentrates the electric field, facilitating 

upward streamer formation

Important clarification: Air terminals do not "attract" additional lightning to a building. They provide a controlled, 

safe strike point when a lightning discharge is imminent in the vicinity, protecting the structure and its occupants. 
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Surge Protection Devices (SPD)
ÅType 1: Lightning current 
ÅType 2: Surge protection 
ÅType 3: Sensitive loads

A lightning protection system is installed on the 
roof of a high -rise building as a bolt of conductor 
lightning to the ground, ground rod on the sky 
background.

Lightning protection for buildings or structures

14



Rolling Sphere Method for Air Terminal Placement:

× The rolling sphere method(also called striking distance method) is the internationally recognised standard for 

determining air terminal protection zones per IEC 62305 and NFPA 780. 

× Engineers visualize a sphere of a specific radius rolling over the building surface. 

× Any area the sphere cannot touch (because it rests on air terminals or protected surfaces) is considered within the 

lightning protection zone.

× The height and placement of lightning rods 

directly determine the size of the lightning 

protection zone. 

× Larger buildings typically require multiple 

rods or a mesh conductor network to achieve 

complete lightning protection coverage 

according to the rolling sphere method 

calculations.

Rolling sphere method for determining air terminal protection 

zones according to IEC 62305 15



Air terminal material selection guidance:

ü Choose copper rods: Most professional applications, coastal and industrial environments, projects requiring 

maximum reliability

ü Choose aluminium rods: Inland locations, budget-limited projects, large installations where weight matters

ü Choose stainless steel rods: Architecturally sensitive projects with high aesthetic requirements

Comparison of air terminal materials - Copper, 

Aluminum, and Stainless Steel

16



LPS Design Methods
ÅRolling sphere method 
ÅProtective angle method 
ÅMesh method

Protection Layers
ÅExternal LPS 
ÅInternal protection (SPD) 
ÅGrounding system

Components
ÅAir terminals 
ÅDown conductors 
ÅEarth electrodes

CORE TECHNICAL SECTION

External Lightning Protection System (LPS)
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ü Shield wires 

ü Ground grid 

ü Surge arresters

Substation Protection

× Substation protection is

critical for maintaining

grid reliability, with shield

wires, ground grids, and

surge arresters forming a

comprehensive defense

system against lightning

andhigh-voltagesurges.

Substation grounding 19



HV bushings, lightning arrestors, and 

DLLs in a certain HV substation.

Lightning protection wires

Surge arresters
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Lightning rods
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LV Over voltages Protection

LV ( Low Voltage V Ò 1 kV ) equipment, namely electronic and informatics 

equipment, may suffer severe damages due to lightning discharges through 

the cables or through the building structure.

To prevent those damages it is usual to install in LV switchboards ópower 

surge protectorsô (SPD), with standard nominal discharge currents of 5 kA, 

10 kA and 20 kA, although some models may reach values of 30 ï70 kA.

Installation of LV surge protector
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Type Test Waveform Impulse Current Installation Point Required When

Type 1 10/350 µs Iimp Ó 12.5 kA

Main service 

entrance (LPZ 

0Ÿ1)

External LPS 

installed ð

mandatory per IEC 

62305-4

Type 2 8/20 µs In: 20ï40 kA
Sub-distribution 

panels (LPZ 1Ÿ2)

Standard equipment 

protection ð

always 

recommended

Type 3 8/20 µs (combined) Imax: 5ï10 kA

Equipment 

terminals (LPZ 

2Ÿ3)

Sensitive 

electronics, >15 m 

from Type 2

Type 1+2 10/350 µs + 8/20 µsIimp Ó 12.5 kA
Main service 

entrance

Space-saving single 

device for LPZ 

0Ÿ2

Surge Arrester Classifications per IEC 61643-11
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ÅOverhead ground wires 

ÅTower footing resistance 

ÅInsulation coordination

ü Transmission line lightning protection utilises overhead ground wires (shield wires) 

to intercept strikes, directing surge currents through towers to the earth, aided by 

low tower footing resistance (<5ï10 Ohms)to prevent back-flashover.

ü Insulation coordination ensures line insulation withstands these surges, 

supplemented by surge arresters (TLSAs) to reduce voltage stress and improve 

reliability. 

Transmission Line Protection
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The ground conductor (shield wire) in high-voltage transmission lines
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×An engineeredsafetyframeworkdesignedto intercepthigh-voltagestrikes,redirectmassive

surgecurrents,andsafelydissipatetheenergyinto theearth.

×By providing a controlled, low-impedancepath to the ground, these industrial systems

activelypreventcataclysmiccomponentfailure,grid blackouts,andelectricalfires

Distribution System Protection
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Transformer protection 

ü Transformerlightning protectionpreventshigh-voltage surgesfrom destroyinginsulation and windings by

divertingexcessenergyto ground.

ü Key measuresinclude installing metal-oxide varistor (MOV) surge arrestersnear bushings,ensuringlow-

resistancegrounding,andshieldingthesystemwith overheadgroundwires
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Service entrance SPD
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SURGE PROTECTION DEVICES 

Type 3 SPD Surge Protector TLP -60/2S
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What is SPD?
Protects against transient overvoltage
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× Control panel SPD 

× Sensitive equipment protection

Industrial & Plant Protection
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× Internal LPS 
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üHigh-rise lightning rods 

üEarthing systems 

üEquipotential bonding

Building Protection
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Importance

ü Dissipates lightning energy 

ü Reduces step & touch voltage

Grounding Types

ü TT, TN, IT systems

Design Considerations

ü Soil resistivity 

ü Electrode depth 

ü Grid design

Best Practices

ü Earth resistance < 5 ohm 

ü Regular testing 

ü Bonding
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GROUNDING SYSTEM
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Equipotential Bonding
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What Is a Lightning Protection System? 

5 Key Components

×A network of components installed on a building to safely intercept, conduct, and dissipate 

direct lightning strikes into the ground.

× It protects structures from fire, structural collapse, and electrical damage. 

×The 5 core components per IEC 62305 are: air terminals, down conductors, grounding 

electrodes, bonding connections, and surge protective devices (SPDs).

1. Air Terminals (Lightning Rods)

üAir terminals are vertical metal rods installed at the highest points and edges of the roof. 

üThrough geometric field enhancement, the pointed conductor concentrates the electric field 

during a thunderstorm, promoting upward streamer formation that intercepts the downward 

lightning leader. 

üPer NFPA 780, copper air terminals must be a minimum 1/2 inch (1.27 cm) in diameter and 

10ï24 inches tall. 

üPlacement follows the rolling sphere method or mesh/grid method to ensure complete 

coverage of the roof surface.
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2. Down Conductors

üDown conductors are the primary current-carrying cables connecting air terminals to the 

grounding system. 

üNFPA 780 specifies a minimum of AWG #2 copper (220 mm²) or AWG #1/0 aluminium (350 

mm²). 

ü Installations require at least one down conductor every 100 feet of building perimeter, routed as 

directly as possible with minimal bends. 

üWhere mechanical damage is possible, conductors are protected in PVC conduit. 

üMultiple conductors reduce the current carried by each individual path, limiting the voltage rise 

at the grounding electrodes during a strike event.
3. Grounding System

üThe grounding system is where lightning energy is safely transferred to the earth. 

üA compliant system consists of copper-clad steel ground rods driven a minimum of 8 feet (2.4 

m) deep ð preferably 10 feet (3 m) ð at each down conductor termination. 

ü IEC 62305-3 and NFPA 780 both require a ground resistance target below 10 ɋ. 

ü In rocky or sandy soils with high resistivity, achieving this target may require multiple rods, 

longer rods, or chemical ground enhancement. 

üGround resistance is verified by professional testing during commissioning and every 3ï5 years 

thereafter.
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4. Bonding Connections

üBonding connects all large metallic objects on the building ð HVAC units, metal roofing, 

plumbing vents, satellite dishes, structural steel ð to the lightning protection system through 

equipotential bonding conductors. 

üWithout bonding, the voltage difference between the lightning protection system and nearby 

metallic objects during a strike can cause a dangerous side flash: a secondary arc discharge 

that can ignite fires or injure occupants. IEC 62305-3 Clause 6 defines the bonding 

requirements. 

üBonding is required at every level where metallic objects are present.

5. Surge Protective Devices (SPDs)

üSPDs are the internal component of a complete lightning protection system.

ü Installed in the electrical panels, they use Metal Oxide Varistors (MOVs) that switch from 

high-impedance (>1 Mɋ) to low-impedance (<1 ɋ) in under 25 nanoseconds when voltage 

exceeds the protection level. 

üA coordinated three-tier strategy is required per IEC 62305-4:
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üLightning strikes Earth approximately 8 million times per day ð around 6,000 strikes per 

minute. 

ü Strike carries up to 1 billion volts and generates temperatures of 30,000 Kelvin, five times 

hotter than the sun's surface. 

üWithout a properly engineered lightning protection system, that energy seeks the nearest 

conductive path to ground: your building's structural steel, electrical wiring, plumbing, or gas 

lines.
45


