SA
Energy

I
Storage

Lightning and surge protection of SSEG

installations

Hano Oelofse DEHN AFRICA

& & publishers



AGENDA

Damages experienced in small scale plants
Standards and Norms related to renewable plants
" Risk Analysis SANS 62305-2

" Methodologies
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Damages experienced in small scale solar plants

= Solar Module Damage

= Combiner Box Damage

= [Inverter Damage

=  Communication System Damage

= Sensitive EQuipment Damage (Trackers, Security Systems)
= Sensing and other instruments

= Damage Statistics
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Damages to small scale solar systems
Solar Module Damage

= Broken glasses, Burned/Melted DC Cables and Combiner Box

= Defective bypass diodes
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Damages to small scale solar systems
Combiner Box Damage

Melted Combiner Boxes
and DC Cables due to

Short-Circuit currents

Breakdown of sensitive
and or monitoring
components inside

Combiner Box
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Damages to small scale solar systems
Inverter Damage

= Internal component failure inside an Inverter (Central & String)
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Damages to small scale solar systems
Communication System Damage

= Holes in the Cable insulation

= Data cables causing failure of Switches, PLC's etc...
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Damages to small scale solar systems
Anemometer and other instruments

= Welded bolt on Anemometer due to direct lightning strike

= Internal component communication failures
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Damages to small scale solar systems
PV Module Damage

= Arcing/Short-circuiting of solar Modules due to lightning

= Broken glasses, burned/Melted DC Cables and Combiner Box
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Damages to small scale solar systems
Damage Statistics — Comparison (Frequency of Occurrence)

Causes of damage (2003-2013) Causes of damage (2005-2014)
Evaluation Evaluation
Technical failure  Marten bite Storm, snow load,  Animal bite Other damage 2.2 % Maloperation
7% 7% elementary 10 % 114 %
Snow load 3 % Malevolence 109 %
0,
Storm 1% 2 % Human 1.2 % Vandalism
6% failure
0.4 % Theft
"~ 2% Theft
\ 0.9 % Water, flooding
2 % Fire

2.1 %Fire

" Lightning and surge 27% Lightning and
Miscellaneous protection 28 % structural surge protection 32.6 %
material defect

source: Mannheimer Versicherung 2014 source: Bayerischer Versicherungsverband 2014

South Africa has on average 10 times more lightning density (strikes/km?)
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Damages to small scale solar systems
Damage Statistics — Damages Costs

Costs of Damages (2005-2014)

Evaluation
Storm, snow load, Animal bite 3.3 % Other damage
elementary 8.6 % -
18.3 % 0.8 % Maloperation

0.5 % Vandalism

Structural/

material defect Ics for photovoltaic systems
10.9 % — amage (damage costs: 2005-2014)

1.8 % Theft

1.4 % Water,
flooding

Lightning and 23 % Fire
surge protection 31.2 %

source: Bayerischer Versicherungsverband 2014
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Risk Analysis IEC 62305-2
Lightning ground flash density (N¢)

= Tolerable risk values

» Source of damage

= Risk compositions

» Frequency of lightning strikes
* Probability of damage

= Type of losses
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Risk Analysis IEC 62305-2
Lightning ground flash density (N¢)

Lightning Ground Flash Density for 2006—2014
Flashes per square km

235
2351
2451
2551
26854
apgdh - Lo
b
2495+
FU5 1
315
3351

3354

3454

3554

385 . . r r . . . l r
"&hb\'_v;r' 16E 18E ZOE 27E 24F Z6E 28E FE JZE J4E

owih African
alhEr Ser

!\Jl
n

14 © DEHN + SOHNE / protected by ISO 16016



Damages to small scale solar systems
Reasons why a LPS is required by Owners/Insurers

el esaption

Investment (Capital) > R Millions/Billions
Life time of the plant and equipment > 20 years

Return on Investment (Business Model) Linked to kWh output
Downtime due to damaged components > Time (hrs/days)
Insurance Access payable with every claim > R 100 k

Insurance premium hikes due to claims TBD

Breakdown of equipment due to inherent effects > R Xxx

Degradation of equipment and components > R xxx

I Lightning and surge protection measures are essential!
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Damages to small scale solar systems
Frequency of the risk of a Lightning Strike in South Africa

Output (KWp) 500-TMWp
Modules > 1500
Area (km?) 0.025
Lightning density (strikes/km?) 10-13

Total direct lightning events (year) 0.5-1

Total indirect lightning events (year) 12 -16
Total cost of the plant R1-20 Mil
Total loss as a result of lightning (year) without protection | R xxx

||. Lightning and surge protection measures are essential!
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Standards and Norms
Applicable standards related to small scale solar systems

STANDARDS
SANS 10142-1-2
SANS 62305 part 1-4
SANS 10313 e
IEC 61643 - 32

IEC 60364 -7 - 712
IEC 60364 — 4 - 44 ====—SnBsS
IEC 60364 -5 -53

IEC 61643 — 11 -12-21 - 22

1SN 978-0-626-27010-0 SANS 10313:2012

WARNING
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FINAL DRAFT INTERHATIOHAL STANDARD
PROJET FIHAL DE HORME INTERHATIOHALE

Project number IEC 623051 Ed. 1.0
Numéro de projet
IECTEor SC CEUCEoU ST | Secretant/ Secrétait
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REEUCH
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Tile
|EC 62305-1 Ed. 1.0: Protection against lightning - Part 1: General principles

Tire
CEI62305-1 Ed. 1.0: Protection contre la foudre— Partie 1: Principes généraux
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LIGHTNING PROTECTION CONCEPTS
PV system without external lightning protection system

Distribution network operator
Generator junction box
Meter

Main earthing busbar
Service entrance box
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LIGHTNING PROTECTION CONCEPTS
PV system with ISOLATED external lightning protection system
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LIGHTNING PROTECTION CONCEPTS
PV system with BONDED external lightning protection system

16 mm?* Cu

Distribution network operator
Generator junction box
Meter

Main earthing busbar
Separation distance

Service entrance box
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LIGHTNING PROTECTION CONCEPTS
PV system with BONDED external lightning protection system
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foundation - Lightning current/combined arrester
earth electrode MEB (main earthing busbar)

“ El Local equipotential bonding
Surge arrester
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LIGHTNING PROTECTION CONCEPTS
PV system with ISOLATED external lightning protection system
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IT system central inverter
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_ Lightning equipotential bonding
foundation = Lightning current/combined arrester
earth electrode MEB (main earthing busbar)

“ El Local equipotential bonding
Surge arrester
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LIGHTNING PROTECTION CONCEPTS
PV system with ISOLATED external lightning protection system

Lightning Protection System

as per IEC 62305-3

air-termination system
down-conductor system
earth-termination system
separation distances
lightning equipotential
bonding
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DEHN protects.

Thank you for
your attention!

For information on our registered trademarks, please visit www.dehn-international.com/en/our-registered-trademarks. We accept no liability for technical modifications, misprints and errors. Illustrations are not binding.



