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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LIGHTNING AND SURGE VOLTAGE PROTECTION
FOR PHOTOVOLTAIC (PV) POWER SUPPLY SYSTEMS

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
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Hition to other activities, IEC publishes International Standards, Technical Specifications, Techpical
cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)
hration is entrusted to technical committees; any IEC National Committee interested in the Subject d
barticipate in this preparatory work. International, governmental and non-governmental organization
he IEC also participate in this preparation. IEC collaborates closely with the International Organiz
Hardization (ISO) in accordance with conditions determined by agreement between-the,two organiz

ormal decisions or agreements of IEC on technical matters express, as nearly as’possible, an inte
ensus of opinion on the relevant subjects since each technical committe€ /has representation
bsted IEC National Committees.

Publications have the form of recommendations for international use ‘and are accepted by IEC
mittees in that sense. While all reasonable efforts are made to ensufe’ that the technical contern
cations is accurate, IEC cannot be held responsible for the way ‘in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National Committees undertake to apply IEC Puf
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The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that if contains colours which are considered to be useful for the correct understanding
of its|contents. Users should therefore print this document using a colour printef.
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LIGHTNING AND SURGE VOLTAGE PROTECTION
FOR PHOTOVOLTAIC (PV) POWER SUPPLY SYSTEMS

ope

This document deals with the protection of PV power supply systems against detrimental effects
of lightning strikes and surge voltages of atmospheric origin. In the event that a lightning and/or

surge

oltage protection is required to be erected. this document describes requirements and

measu
system

2 Nd

The fol
constit
For un
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IEC 60

for safg¢ty — Protection against voltage disturbances andelectromagnetic disturbances

IEC 6d
specia

IEC 61
connega

IEC 61
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testing

IEC 61
for SPI]

IEC 62

IEC 62

es for maintaining the safety, functionality, and availability of the PV power
S.

rmative references

owing documents are referred to in the text in such a way that sgme or all of their
Ites requirements of this document. For dated references, onfy.the edition cited 4
dated references, the latest edition of the referenced ydocument (includin
ments) applies.

364-4-44:2007/AMD1:2015, Low-voltage electricalsinstallations — Part 4-44: Prdg

364-7-712:2017, Low voltage electrical infstallations — Part 7-712: Requiremg
installations or locations — Solar photovoltaic (PV) power supply systems

643-11:2011, Low-voltage surge protective devices — Part 11: Surge protective
ted to low-voltage power systems'‘— Requirements and test methods

643-21, Low voltage surge* protective devices — Part 21: Surge protective (
ted to telecommunications and signalling networks — Performance requiremer|
methods

643-31, Low-valtage surge protective devices — Part 31: Requirements and test m
Ds for photovoltaic installations

305-1, Protection against lightning — Part 1: General principles

306-2, Protection against lightning — Part 2: Risk management

supply

content

pplies.
g any

tection

nts for

levices

levices
ts and

ethods

IEC 62305-3:2010, Protection against lightning — Part 3: Physical damage to structures and life

hazard

IEC 62305-4, Protection against lightning — Part 4: Electrical and electronic systems within
structures

IEC 62561-1, Lightning Protection System Components (LPSC) — Part 1: Requirements for
connection components

IEC 62561-2, Lightning Protection System Components (LPSC) — Part 2: Requirements for
conductors and earth electrodes
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IEC 62561-3, Lightning Protection System Components (LPSC) — Part 3: Requirements for
isolating spark gaps (ISG)

IEC 62561-4, Lightning protection system components (LPSC) — Part 4: Requirements for
conductor fasteners

3 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO anp—ECTmaimtaimtermmimotogica databases for use i standardizatiomatthefollowing

addrespes:

e |E( Electropedia: available at http://www.electropedia.org/
e |SQ Online browsing platform: available at http://www.iso.org/obp

3.1
photoyoltaic
PV
relating to the conversion of light directly into electrical energy

[SOURICE: IEC 62109-1:2011, 3.55]

3.2
PV mogdule
smalle$t complete and environmentally protected>assembly of interconnected PV cells

[SOURICE: IEC 60364-7-712:2017, 712.3.2]

3.3
PV inverter
device [which converts DC voltage and DC current into AC voltage and AC current

3.4
PV string
circuit [n which PV modules are connected in series to a PV sub-generator in order to gchieve
the spgcified output-voltage

3.5
PV sub-generator
mechapically and electrically assembled combination of PV modules and other nedessary
components in order to form a DC power supply unit

3.6
PV generator
combination of PV sub-generators

3.7

surge protective device

SPD

device that contains at least one non-linear component and is intended to limit surge voltages
and divert surge currents

Note 1 to entry: An SPD is a complete assembly having appropriate connecting means.

[SOURCE: IEC 61643-11:2011, 3.1.1]
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3.8

voltage switching type SPD

SPD that has a high impedance when no surge is present, but can have a sudden change in
impedance to a low value in response to a voltage surge

Note 1 to entry: Common examples of components used in voltage switching type SPDs are spark gaps, gas tubes,
and thyristors. These are sometimes called “crowbar type” components.

[SOURCE: IEC 61643-11:2011, 3.1.4]

3.9

voltage limiting type SPD
SPD that has a high impedance when no surge is present, but will reduce it continugugly with
increaged surge current and voltage

Note 1 t¢ entry: Common examples of components used in voltage limiting type SPDs are varistors and ayalanche
breakdoyn diodes. These are sometimes called “damping type” components.

[SOURICE: IEC 61643-11:2011, 3.1.5]

3.10
combination type SPD
SPD thlat incorporates both voltage switching components and\oltage limiting compongnts

Note 1 tp entry: The SPD can exhibit voltage switching (e.g. spark,gap), voltage limiting (e.g. varistor)|or both.
These c¢gmponents can be connected in series as well as in parallek

[SOURICE: IEC 61643-11:2011, 3.1.6, modified = Second sentence of definition moved fo the
note tolentry. Second sentence of note to entry fras been added.]

4 Dg¢sign principles

4.1 Causes of damage and damages

The lightning current of a lightning discharge can be injected into PV power supply systems in
differemt ways:

— by galvanic coupliqg;

— by magnetic figldicoupling;
— by e¢lectric field coupling.

The regpective type of coupling is influenced by lightning protective measures (e.g. earthing,
equipofential bonding, shielding of the structure, shielding of the electric lines as well ag layout
and type of these lines).

4.2 Galvanic coupling

A prerequisite for galvanic coupling is for the lightning current or at least part of it to be injected
directly. The (partial) lightning current generates a direct-axis component of voltage at the
impedances of the lines it passes through. When a structure is struck by lightning, the current
flowing to earth normally generates a voltage magnitude of some hundred kilovolts at the
effective conventional earth impedance.

Figure 1 shows examples of galvanic couplings at an equipotential bonding line carrying a
(partial) lightning current and at the conventional earth impedance. This type of coupling is also
present where a (partial) lightning current passes through a line’s cable screen. In that case,
the (partial) lightning current causes a direct-axis component of voltage at the coupling
impedance of the cable screen, which appears between the cable screen and the inner
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conductor. This direct-axis component of voltage U, can jeopardize the electric or electronic
systems connected at the two line ends.

Partial lightning current

A/Shielded solar generator main line
Surge coltage | U low | [

protection ‘/Inverter

—f— . [= 1

o= = - N

~ o e

4’ PE

<>
9
Shoft cable routing @e00®| PAS
o U

Metal pipe, e.g.
U, l_"' pIp g

for water or heafjng
o0 | HRAS

Earthing system

IEC
Key
U, Direct-axis component of voltage at the cablg screen the current flows through
U, Direct-axis component of voltage at the\voltage equalizing cable U, = L di/dt
U, Voltage at the conventional earth impedance RE (U; =i Rg)
PAS Equipotential bonding bar

HPAS Main earthing bar

Figure 1 — Examples.of direct-axis components of voltage for galvanic coupling

4.3 Magnetic field coupling

The propcess atrwhich the magnetic field H(z) of a lightning discharge passes through copductor
loops is referred to as magnetic field coupling or magnetic induction (see Figure 2)| If the
condugdtor. loops are open (idle motion), voltages u;,4 will result in proportion to dH/d¢; hqwever,
where fheteconductor loops are short-circuited currents, i;,4 will result in proportion to H(t).
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ic injections can be reduced considerably ‘by’increasing the distance of air-term

systems and down-conductors to the PV modules. A minimum value of 0,5 m is recomn

for the

distance of air-termination systems "and down-conductors to the PV modulg

separation distance s can differ from this value (see Annex C).

4.4

Flectric field coupling

A prerg¢quisite for electric fieldveoupling is an “electrically effective aerial” (e.g. the

frame)

The electric field strength resulting from the leader approaching reaches up to 50

at a didtance of a couple hundred metres to the prospective striking point. As soon as th

discha

ge starts, the elestric field breaks down. During that process, field changes di

appear| at a magnitude of 500 (kV/m)/us.

The ef

ect of eléctric field coupling to equipment installed within and outside a strug

generally veryssmall compared to that of magnetic field coupling.

4.5

gure 2 — Voltages induced in loops by the steepness of the lightning current

ination
nended
s. The

module
0 kV/m
e main
dt can

ture is

Risk’'management

A lightning protection system (LPS) designed to comply with class |l meets the regular
requirements for PV power supply systems.

In special cases, e.g. for objects of cultural value or requirements for an increased availability
of the system, it should be checked in accordance with IEC 62305-2 whether additional
measures or a different LPS class is required.

The lightning protection measures for the PV power supply system are adapted to the LPS class
of the structure. The LPS class of the building is determined by factors as its use, values and
others as well as the area-specific lightning activity (Figure 3). The area-specific lightning
activity should be also taken into account to decide on lightning protection measures for ground-
mounted systems.
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(Source;
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https://ghrc.nsstc.nasa.gov/pub/lis/climatology/LIS-OTD/HRFC/browse/HRFC_COM~FRs V2.3.201

Figure 3 — High resolution full climatology (HRFGC)

ghtning protection system (LPS)

Seneral

lightnirlg protection systems before erection.

The P
has to

Suitabl
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In addi

be taken into account for mounting,and troubleshooting purposes.

le measures of external lightning protection are supposed to catch direct lightni
em into an earthing system_such that no galvanically coupled currents can have a
bl building installations and-the PV power supply system.

tion to that, measures of internal lightning protection are used to prevent impa

lightnirlg strikes and potential differences may have onto and inside the building.

The pu

and ing¢luding fire*and its effects) as well as damage to the PV power supply system

networ

Ks, controls and electrical protective equipment). Where the legislator requires li

IEC

b.png)

pction of conventional PV power supply systemsyon or at buildings does not change the
g strike risk. It is recommended to design.and harmonize the PV power supply and

generator delivers current and voltage* even at low amounts of solar irradiance. This

hg and
n effect

ts that

Fpose of these measures is to prevent damage to the building (mechanical damdges up

supply
jhtning

protec:[/ve measures as part of the preventive fire protection, these shall not be affegted by
PV power'supply systems.

For lightning protection, the IEC 62305 series applies.

For the erection of PV power supply systems, the IEC 60364 series and, in particular,

IEC 60

364-7-712 apply.

In order for a lightning protection system to be erected, co-ordination across all trades involved

is requ

ired.

Design, erection, and inspection are carried out by lightning protection specialists. The
requirements for lightning protection specialists are specified in IEC 62305-3. A lightning
protection specialist is someone who is able to design, erect or inspect lightning protection
systems based on their professional training, knowledge, and experience as well as knowledge
of the relevant standards.
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5.2 External lightning protection

Within the meaning of the lightning protection standard IEC 62305-3, PV power supply systems
as roof fixtures shall, where possible, be protected against direct lightning strikes by means of
separate air-termination systems. Arrangement and positioning of the air-termination systems
can be determined by three different methods (see Figure 4):

— rolling sphere method,;

— mesh method;

— protection angle method.

The rqHlirg—sphere—method—represents—a—universal—design—method—whieh—is—partcularly
recommended for geometrically complicated application cases. (19

Maximum building height
ngh_tnlng thzalfgﬁtsn?r:g Mesh size
protection level sphere r X
20 m “\bx5m
30m 10 x 10 m
45m " 15x15m
60 m, 20 x 20 m

Figu ‘— Example for the design of the air-termination system
f V power supply system using the rolling sphere method

The air-te ﬁﬁtion systems are set up observing the separation distance (see Figure %). This
is the di ce to be maintained in order to prevent dangerous sparking against partg of the
PV power supply SysStem (See Annex £). Between the PV moduies and any metal parts such as
lightning protection systems, gutters, dormer windows or antenna systems, the separation
distances s determined in accordance with IEC 62305-3 shall preferably be maintained.
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Figure 5 — Maintaining the separation distance

the separation distance cannot be provided, e.g. in the case of a metal rog
nended to provide for suitable connections’between the lightning protection syst
nponents of the PV power supply system. The resulting partial lightning currents i
j and into the PV power supply system can only be decoupled in the earthing sy§

nections and connection compoenents through which (partial) lightning currents wi
cifications given in IEC 62561-1, IEC 62561-2, IEC 62561-3 and IEC 62561-4 af

first installation of a PV power supply system on a structure, adjustments of the ¢
d electrical system:can be required.

erection of ‘an external lightning protection, the possibility of the PV modules
ed by airermination systems shall be taken into account (see Figure 6 and Anr

f, it is
m and
nto the
tem.

| pass,
ply.

xisting

being
ex A).
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Separation distance

Radius of the lightning

sphere as required by Air-termiration rod
the lightning protection level

Protection angle e

~ -
~
S S -
~
~ .
~
~

Shadow line 15°\7 R 2

IEC

Figure 6 — Example for the design of the air-termination-system
for a PV power supply system

he pyrpose of the internal lightning protection is to prevent.dangerous sparking insjde the

Dangefous sparking can occur between the external*lightning protection system and other

compopents, e.g.:

Dangefous sparking can be prevented by:

T

shall be taken into account.

the|metal installation;

the|PV power supply system;

thelelectrical and electronic systems-within the structure to be protected;
the|external conductive parts, cables, and lines inserted into the structure.

proyiding the required.separation distance of metal parts and electrical equipmen{ to the
lightning protection.system; or

consistent lightning equipotential bonding of the metal parts and electrical equipmgnt with
the[lightning protection system.

he resultingspartial lightning currents into the building and into the PV power supply pystem

Whether surge voltage protective measures are to be provided on the AC side of the PV power
supply system is determined as specified in IEC 60364-4-44:2007/AMD1:2015, Clause 443.

If it is determined that surge voltage protective measures are required on the AC side and, in
particular, if the protection of the inverter is to be ensured, then surge voltage protective
measures are required also on the DC side.

If signal and communication circuits are available in the PV power supply system, then these
signal and communication circuits shall also be protected by surge protective devices (SPDs).

F

or surge protective devices (SPDs) installed on the AC side of the PV power supply system,

IEC 61643-11 applies.
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For surge protective devices (SPDs) installed in the signal and communication circuits,
IEC 61643-21 applies.

For surge protective devices (SPDs) installed on the DC side of the PV power supply system,
IEC 61643-31 applies.

5.4 Lightning equipotential bonding

Lightning equipotential bonding is achieved by connecting the lightning protection system to:

— the

metal frame of the structure;

— the
— the
— the

If lightping equipotential bonding is provided when installing the internal system, then

the ligh

Conneg¢tion measures can be:

- eqy
con

— surge protective devices, where direct connection_toequipotential bonding condu

not

If the ¢

additiohal surge protective devices are installed.in the vicinity of the inverter to be protg

EXAMPL
following
10 m.

5.5 Lightning protection zone_concept

For highly sensitive facilities in structures, e.g. computer centres or telecommuni

system

be required. In these cases, the respective lightning and surge voltage protection msg

shall a

5.6

5.6.1

installations made or metar,
external conductive parts and lines connected to the structure;
electrical and electronic systems within the structure to be protected.

tning current can pass into such systems and this effect shall be taken into acco

ipotential bonding lines, where electrical continuity cis\not achieved by the
nections;

possible.

istance between the SPD and the inverter\to be protected is greater than 10 r

E The DC line is included in the lightnigg equipotential bonding upon entry into the structure
distance between the installation location of the surge protective device and the inverter is gre

s, application of the.\lightning protection zone concept as specified in IEC 62304

so be implemented for the PV power supply system.

Belection)of surge protective devices (SPDs)

General

part of
unt.

natural

tors is

n, then
cted.

and the
ter than

cations
-4 can
asures

Depending on whether or not an external lightning protection system is installed and whether
or not the required separation distance is maintained between this external lightning protection
system and the elements of the PV power supply system, the required SPDs are selected in
accordance with Figure 7 and Table 1.

Where an external lightning protection system is neither installed nor planned to be installed,
the effects of surge voltages and the resulting economic losses can be reduced by means of
surge protective devices (SPDs) (see Figure 6) or shielding measures (see IEC 62305-4).
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DIN VDE 0100-712

Surge
protection device

YT

Meter

kWh

|~ 2

1
LYY T

Inverter

PV generator

1§

L1
L 1

in VDE 0185

To the LPS as specified

Figure 7 — Use of SPDs in PV power supply systems

Table 1 — Selection of the SPD.test class (type) and minimum
cross-section of the equipotential bonding

IEC

Ds are selected from Table 1 depending on the test class and minimum cross-gection
of the ¢quipotential bonding.

structure with an external
lightning protection system

(LPS), separation distance s is
not maintained (see Figure 9)

SPDs as specified
in IEC 61643-11

SPDs as specified
in IEC 61643-11

Situation Equipotential SPD at SPD at the SPD af the
bonding installation installation installation
location “I” location “II” location] “III”
and af the
installation
location “IV”
Installation of SPDs in a 6 mm2" Class Il tested Class Il tested Class Il tepted
stryicture without anexternal SPDs as specified |SPDs as specified |[SPDs as gpecified
lightning protection system in IEC 61643-11 [in IEC 61643-11 |in IEC 61643-31
(LHS)
(sefe Figure 7)
Insfallation of SPDs in a 6 mm? Class | tested Class Il tested Class Il tepted
stryicturé with an external SPDs as specified [SPDs as specified [SPDs as gpecified
lightning protection system in I[EC 61643-11 |in IEC 61643-11 |in IEC 61643-31
(LPS), separation distance s is
maintained (see Figure 8)
Installation of SPDs in a 16 mm? Class | tested Class | tested Class | tested

SPDs as specified
in IEC 61643-31

if necessary.

If an external lightning protection system is already installed on the building or required for legal
reasons or, respectively, desired for insurance reasons, then the PV power supply system is
protected by surge protective devices (SPDs) (see Figure 8).
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3
Q.
o

Type 2
aj |~ o
o a (SPD,
Type 2| @ Dlit required

SPD,
if required (LX)

Type 2
1 SPD,
if required

- Main meter  kWh kWh
distribution a

VNB
HAK ° T ()

SPD = Surge Protection Device
IEC

re 8 — Situation A) The surge voltage protection concept for a PV power supply

FigJ
system on a building without external lighthing protection

Type 1 I

Main meter | kWh' kWh SPD
distribution =)
e /
Ve
VNB $ | ? P Z
(X LX)
| P

——— — ——— — — —— —

s = separation distance as specified in DIN VDE 0185

SPD = Surge Protection Device
IEC

Figure 9 — Situation B) Surge voltage protection concept
for a PV power supply system on a building with external
lightning protection, the separation distance s is maintained

If the separation distance is maintained (see Figure 9), then DC lines can be mounted on the
outside of the structure, fully shielded down to ground level. In that case, inductively injected
voltages are reduced. The cable screen has to be connected to the earthing system at the
module rack and at the base. The use of Class II tested SPDs may then be omitted.
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2| Type 1
0| SPD

90000 —pPAS

Type 11
Main meter | kWh  kWh SPD I |
distribution
/
' /
1
e § | B
1
*0 - — 4
I | 7
S === ===
SPD = Surge Protection Device < s = separation distance not maintained

IEC

Figure 10 — Situation C) Surge voltage protection concept for a PV power
supply system on a building with external lightning protection,
the separation distance s is not maintained

S

= Shield

\V

IEC

Figure 11 — Situation C) Surge voltage protection concept for a PV power supply system
on a building with external lightning protection, the separation distance s is not
maintained, use of a shield able to carry the lightning current
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If the separation distance cannot be maintained (see Figure 10), then DC lines can be m

ounted

with a shield on the outside of the structure down to ground level (see Figure 11). In that case,

the cable screen has to be connected to the air-termination system at the highest point
the earthing system at the base directly before entry into the building. The cable screen

and to
has to

be constructed to withstand the impulse currents associated with lightning discharges and it is
to be included in the lightning equipotential bonding as described in IEC 62305-3 and

IEC 62305-4.

The use of a Type 2 surge protective device on ground level can be sufficient if, at the roof level
PV generator, only a small partial lightning current is injected. This depends on the length of
the shielded line, the quality of the shield used, on the execution of the lightning equipotential

bonding—en—the—roof-leve mash o nd the numbar of down-cand o a he—a
lightnin
IEC 62305-4).

SPDs fo be used on the DC side of PV power supply systems are designed‘to be suita
the type and magnitude of the occurring voltages. The maximum operating'voltage in PV}
supply [systems can reach values of up to 1 500 V DC.

xternal
s, see

ble for
power

The raled voltage U, of Class | and Class Il tested SPDs on the DG side depends on the type

of protgctive circuit and the magnitude of the maximum operating voltage of the PV m
For functionally earthed PV power supply systems, see 5.8.

The mgximum permitted protection level U, of surge protective devices should be equal
than thie rated impulse withstand voltage of the connected equipment. For the DC side,

pdules.

or less
which,

due to|functional reasons, does not have a rated\impulse withstand voltage, the energetic

coordination between surge protective devices and the device input shall be taken into g
(see 5.7).

NOTE The surge protection components inside PWinverters serves is generally used only for the internal e
protectign and does not normally meet the requirements for Class | and Class |l tested SPDs.

An ovefrview for the selection of SPDs in a PV power supply system is shown in Figure

ccount

uipment

12.
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No | Lightning Yes
protection
provided?
v v
Installation of additional air-termination
Part of oo i
No the system Yes systems as required in order for the PV
- power supply system to be protected
PEDIEUE from direct lightning strikes
exposed? o o
\ 4 >
Setup of a lightning
protection system No| System located | ves
o OrtFT I within the protected
Do regulatory conditions area?
or requirements Yes
of insurance "1 In special cases: =
companies exist? risk assessment as v
specified in
No DIN EN 62305-2 4 No @gération
(VDE 0185-305-2) ()4 (b istance
maintained?
i - Yes
Np add_itional Iightning PV rack connected to the Use of Type 2 surge
pfotection required: external lightning protection protective device - direc{ly

system with the appropriate
lightning current-carrying

at the device to be
protected

—
Q3

=

O 0N

i)

Ecommendation:
linctional earthing of
e metal PV mounting
ck

Plection:
Lirge voltage protection,
be Table 1, situation A

capacity:

Use of Type 1 surge protective
device -alternatively:
shielded measure, see C

Recommendation:
Functionahearthing of
the metal’PV mounting rack

Selection:
Surge voltage protection,
see Table 1, situation C

Functional earthing of
the metal PV mounting
rack

Selection:
Surge voltage protection
see Table 1, situation B

v

In addition to that, in the electrical system of the building:

— if repuired, a Type 2 surge protective device (possibly
Type 1) at the point of entry into the building for the
energy network;

— if required, a Type 2 surge protective device at the
inverter on the AC side and surge protective devices
for signal and communication circuits

Figure 12 — Flow chart for the selection of protective measures

IEC

With regard to whether or not surge voltage protective measures are required IEC 60364-4-
44:2007/AMD1:2015, Clause 443 and IEC 60364-7-712 are also to be considered.
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5.6.2 Class | tested SPD, lightning current-carrying capacity Limp

The use of Class | tested SPD on the DC- side of PV power supply systems is recommended
for cases where:

— external lightning protection is installed; and

— the required separation distance to the elements of the PV power supply system is not
maintained.

In 4.5, it is described that a lightning protection system of lightning protection level 111 meets
the regular requirements for PV power supply systems. In special cases, e.g. where other
lightning protection levels are required, the necessity of additional measures is checked in
accordpnce with IEC 62305-2.

The lightning current-carrying capacity Timp of Class | tested SPDs shall be adequatg to the
loads g@ccurring at the installation location as specified in IEC 62305-1 andnis. selectgd from
Table 2 or Table 3 depending on the type of SPD. Alternatively, the lightning current-carrying
capacify may be calculated as described in IEC 62305-4.

Tdble 2 — Selection of the minimum discharge capacity of-voltage limiting SPDs
of Class | tested (voltage limiting type) or combined-SPDs of Type 1
(series connection of voltage limiting type and voltage switching type)

Number of down-conductors of the €xternal lightning protection system

Lightning
protegtion level

< 4 (see Figure 13) 24

Values for voltage limiting Class I'tested SPDs or combined class | tested SPDs
(series connection) based on.a selection /g, (8/20 ps) and /7,35, (10/350 |s)

LPL and maximum
lightning current

10/350
( ) Ispp 1= Ispp 2 | Ispp 3 = Tspo3¥ Tspp 2 = fiotal | fspp 1 = Tspp 2 [ Ispp 3 = Ispp 1 + Ispo b = iotal
T 120 1101350 5156 110 1 350 T 1207 140 1 350 g 120/ 110/ 35
or 200 KA 17 /10 34 /20 10/5 20710
unknow
Il 150 kKA 12,5/7,5 25/ 15 7,5/13,75 15/7,5
Il or IV 100 KA 8,5/5 17 /10 5/25 10/5

NOTE 1| The designations'SPD 1, SPD 2, and SPD 3 refer to the representation in Figure 12.

NOTE 2| For thisfapplication two choices are available, i.e. the use of either
- a voltagelimiting or combined SPD of Type 1 with Iimp 2 1,4/350 and with [; = I, : or

- a voltage’ limiting or combined SPD of Type 1 with 1imp 2 g0

EXAMPLE For the protection of the DC side of a PV installation on a building with LPS, with lightning protection
level LPL III, with less than 4 down-conductors and insufficient separation distance s, the following SPD selection
of a voltage limiting Class | tested SPD would be possible. Either:

— aClass | tested SPD with 1imID = 5 kA per protection path and additionally tested for test class II with
I, = 8,5 kA per protection path; or

— aClass | tested SPD with 1imID = 8,5 kA per protection path.
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Table 3 — Selection of the minimum discharge capacity of voltage switching
class | tested SPDs (voltage switching) or combined class | tested SPDs
(parallel connection of voltage limiting and voltage switching)

Lightning
protection level
LPL and maximum
lightning current

Number of down-conductors of the external lightning protection system

<4

24

Values for voltage switching type class |

SPDs (paralle

| connection)

tested SPDs or combined class | tested

10/350
( ) Ispp 1= Ispp 2 | Ispp 3 = Ispp 1 * Ispp 2 = Liotal | spp 1 = Ispp 2 | Ispp 3 = Tspp 1 * IspD 2 = Liotal
[imn Iimn [imn [imn
| or
200 kA 25 50 12,5 25
unknown
Il 150 kA 18,5 37,5 9 18
Il or IV 100 kA 12,5 25 6,25 12,5
NOTE 3| The designations SPD 1, SPD 2, and SPD 3 refer to the representation_in Figure 13.

;1

-

J

Metal sub-structure

—

Air-termination system

Roof level

Down-conductors of
the external lightning

|
|~ protection system
SPD 3}—
ospD2H —%
—
Inverter
% (( PA conductor of
> \\ | | +— 16 mm2Cu
|
!
LR
e Ground level
s >

Earthing system of
the building struck

by lightning

IEC

NOTE Provide for local equipotential bonding in the region of the inverter.

Figure 13 — Example of a structure with two down-conductors

of the external lightning protection system
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Class Il tested SPD, nominal impulse discharge surge current I,

The nominal impulse discharge surge current /7, of the Type 2 surge protective device should
be at least 5 kA of the wave form 8/20 for each live conductor. Otherwise, the nominal impulse
discharge surge current shall correspond to the loads occurring at the installation location.

The surge protective device is positioned directly at the device to be protected.

5.7 Coordination of surge protective devices

For the coordination of surge protective device with the equipment to be protected, adjustments

arere

5.8

If a live
full gen
has to
level a

Where
switchi
of the

may bg

6 Ra

uired (:nn IEC 6164’2-1'))

Belection of surge protective devices for a functionally earthed line conduc

conductor is earthed with low impedance on the DC side, then this measure cau

be considered when selecting the surge protective devices with regard to the prg
nd the rated voltage U..

a live conductor on the DC side is permanently (e.g. without the use of fuses @
ng organs) earthed with low impedance and where thistearthing meets the requir

or

5es the

erator voltage of the non-earthed line conductor to be equal to thee€arth potential. This

tection

r other
bments

ightning equipotential bonding, the use of a surge, protective device for this copductor

omitted.

uting and shielding of cables/lines

The magnetic field produced by lightning strikes hitting directly or in close proximity can only

be red
electrid

shielding or by a combination of bothi.these measures (see Figure 14). Under certain con

the exp
to shie

installgtion rules and the calculation of magnetic fields and induced voltages or currentg.

iced by spatial shielding. On thesother hand, voltages and currents induced
al or electronic system can alse\be reduced by spatial shielding, by line routi

enses required for surge voltage protective measures can thus be reduced. With
ding, line shielding, and.line routing, IEC 62305-4 gives detailed information on

in the
ng and
ditions,
regard
lesign,
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go-and-return lines are provided in separa%%v cables/lines, it is recommer
route them in parallel and as close togethq@ possible.

(Y

tice, large spatial shields cannot be &d for PV power supply systems becal
ules are positioned outside the shyigi?\ng. This largely refers to the shielding of th
table line routing (closely paraIIeIA ting of the individual conductors).

O

e laid, or the single-wirﬁa’t ines may themselves have a cable screen (see Figurg
termination system is provided with an insulation, then (partial) lightning c
W on this shieldingg\s’o, then this shielding should be appropriately dimensiong
num of 16 mm?2 C@) r an equivalent current-carrying capacity).

O
O 3
3

gure 14 — Reduction of the effects of inductionQthielding and line routinjg

C 2020

ded to

se the
e lines

ich the
15). If
urrents
d (with
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In order for the separation distance s to be maintained, the crossing lightning conductor.is mounted on stilt$.

7 Functional earthing/lightning equipotential bonding

Where
protec
that th
less th
should

If the

separation distance is maintained, then functional earthing is provided for the met

structu
carryin
Cross S

If the s
distang
lightnin
The me
The cr

IEC

Figure 15 — Example for the shielding of the generator main lines
by closed metal cable channels

the PV generator is not installed in an exposed position and an external li
on system is neither installed nor planned to be installed, it is recommended to
metal sub-structure is functionally earthed. The conductor cross section shoulg
an 6 mm?2 Cu or of an equivalent current-carrying capacity. Also, all module ra
be connected to each other using this line cross-section.

system is located inside thevarea protected by air-termination systems and

Fe. The line cross-sectioh;should be no less than 6 mm2 Cu or of an equivalent d
gy capacity. Also, all module rack rails should be connected to each other using t
ection (see Figureslo).

ystem is located inside the area protected by air-termination systems and the sep)
e is not maintained, then any metal sub-structures shall be connected to the &
g protection system and to the main earthing rail of the building as shown in Fig
tal sub=structures are connected as required for the respective lightning protectio
bss-section should be no less than 16 mm2 Cu or 25 mm?2 Al. In addition to th

jhtning
ensure
be no
Ck rails

if the
bl sub-
urrent-
his line

aration
xternal
ure 17.
n level.
at, the

fasteni

hgumeans (e.g. support profiles) shall be connected to each other. The requiremeénts for

natural

components specified in IEC 62305-3 apply.

The functional earthing/lightning equipotential bonding conductor is installed in parallel and with
the closest possible contact to the DC and AC cables/lines.

Metal frames of PV modules are not mandatorily required to be included in the equipotential
bonding. For some specific PV modules, an earth connection of the PV module frames is needed
for functional reasons. The module manufacturer’s installation provisions are to be taken into
account. Details for protection of Tracking PV power supply systems are given in Annex B.
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O
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7 — Lightning equipotential bonding at the module racks
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Figure 16 — Functional earthing of the module racks in case n?:t: ernal lightn
protection is available or the separation distance is n&
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Metal sub-structure

Equipotential bonding
Cross section as specified in
DIN EN 62305-3 (VDE 0185-305-3),

Table 9

External lightning protection down-conductor

rs ectin as pecifid i
DIN EN 62305-3 (VDE 0185@&
o5

aintained
Q/
\

I@@I sub-structure

Equipotential bonding
Cross section as specified in
DIN EN 62305-3 (VDE 0185-305-3),

External lightning protection down-co
Separation distance s not maintained
Cross section as specified in

Table 6

IEC

ng

[able 8

ductor

DIN EN 62305-3 (VDE 0185-305-3), Table 6

Connection of appropriate lightning
current-carrying capacity

IEC

Inspection and documentation of the lightning protection system are carried out as specified in
IEC 62305-3:2010, Clause 7 and E.7.

The inspection of the surge protective device comprises:

— proper selection

in accordance with 5.6;

— checking for compliance with the installation specifications of the manufacturer;

— checking the state of the status display/remote signalling.
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Annex A
(informative)

Shadowing

///
/,

/
/

[/ /[ /
[/ /

PX module

— Air-termination rod

Figure A.1 — Shadowingcof a PV module by a lightning rod

IEC

The effect of a reduction in irradiance(e.g. by a lightning rod of a lightning protection qystem)

on a P)V module is determined by-several parameters. The electrical reverse characte

istic of

partially shaded solar cells, the possible presence of by-pass diodes in the modules and the

operating point set for the PV module or module string, respectively, has great effect
performance and the power\output of the partially shaded PV module. Therefore, the sha
of photpvoltaic surfaces.should be kept to a minimum.

on the
Howing

The appearance of an umbra on the solar cell or the PV module, respectively, should be gvoided

in any|case (see“Figure A.1). "Umbra" here is the term for the area that receives n

D solar

irradiamce whatsoever and which, therefore, remains completely "dark". The surrounding area
known [as’penumbra or diffuse shade is subject to a lower solar radiation, because, hdre, the
sun is pnly’partly eclipsed by the lightning rod or lightning line. As a function of the dimgnsions

of the lightning rod or lightning line, a minimum distance can be calculated from the relat

ionship

for "similar triangles" that is just sufficient so that an umbra can no longer appear (see

Figure A.2):
af _das +ag
df ds
where
dg is the diameter of the sun at the equator (with dg = 1,39 x 109 m);

d; is the diameter of the lightning rod or lightning line;

ag is the distance between sun and earth (ag = 150 x 109 m);

S

(A1)
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as is the (minimum) distance between lightning rod or lightning line, respectively, and the
PV module (negligibly small, in proportion to the distance between sun and earth).

This yields a very simple relationship:

ag [m] = 108 d; [m] (A2)

Y
A
Y

— PV module

} Penumbrg

Umbra

ol ﬂ"ﬂﬂ"ﬂv

IEC

Figure A.2 — Minimum distance between the lightning rod or lightning line and fthe
PV module required.to prevent an umbra

Where|the distance of the lightning red“is equal to or greater than the minimum djstance
obtaingd from Equation (A.2), an umbta is avoided (see Table A.1).

Table A.1 — Minimum distance of air-termination systems required to avoid an umbra

Diameter of the air-termination system Distance of the air-termination system to the PV m¢dule
m m
07008 0,86
0,010 1,08
0,016 1,73
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Annex B
(informative)

Tracking PV power supply system —
External lightning protection/down-conductors

For concentrating and tracking PV power supply systems, it is possible to install, for example,
small air-termination tips at the corners of the tracking base, which "capture" and pass the
lightning into the metal support structure of the tracking base. The length of the air-termination
tips leading to the tracking base should be determined using the rolling sphere method, see 5.2,
such that the rolling sphere does not touch the tracking base for any of its paositions (e.g.
horizontal for storm position).

These pir-termination tips should be bent and fastened to the support arms so that their d|stance
to the ﬁdge of the PV module is no less than 10 cm. In order for transitions_at moveable parts
not to be overloaded by the lightning current, the shafts may be connectedytorthe vertical mast
(base) |with at least 16 mm2 of flexible copper line or a line of equivalént current-carrying
capacify. The mast is connected to the earthing system (see Annex D)
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Annex C
(informative)

Practical example: lightning protection for a PV power
supply system installed on a saddle roof building

PV power supply systems are often installed on buildings with saddle roofs already equipped
with a lightning protection system (see Figure C.1). In that case, it is required to dismantle the
air-termination lines located underneath the PV power supply system. On the one hand, they
can no longer serve their original purpose (capture lightning) and, on the other hand, they cause
inacce imiti i i i stems.
Figure |C.1 shows the adjustment of the air-termination line system. In such a case,it|should
first be| ensured that, even with these air-termination lines dismantled, a direct IightninE strike

into the PV power supply system is prevented, if necessary, by means of additional lightning
rods. This can be checked using the suitable methods (in particular the rolling-sphere method).

Earth injection/separation point
Downpipe
Gutter
X = E """""""""""" B ;‘ ?L“”""”"""""""”""‘II"""“”""””"" ot
777777777777 | B ity din EaBe (RS i R |
lL—— Foundation earth | | |
electrodes | I |
\ I I I
\ 1 Lightning - | i :
\ conductor ; : i :
"‘-‘ | | I I
\ I I I
\'-.,' \ | \ | l
/ | I I
,.*’ i | I
/ \Q | |
/ Q)$' PV system : |
. | | |
/ A\ i i |
@ | | I
‘;‘c' N I | |
il 4 s <G\ S == e == = M
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Figure C.1 — Saddle’roof building — Meshed air-termination systems of lightnihg
protection.level lll, the PV power supply system spans several meshes

The following.shows how to calculate the separation distances. This will be exemplified using
Figure|C.1,

The butdingtasa buitdingarea of 50 MT=x25T,ameaves teightof 4 mand—a ridge treight of
8 m. Without a PV power supply system, the building had a conventional lightning protection
system of lightning protection level III. The air-termination system had been adapted to building
geometry with a mesh size of approximately 12,5 m x 13 m.

The separation distances are calculated as specified in IEC 62305-3:2010, 6.3.3 and
Figure C.5:

k.
S=k—'(kC1Xl1+kCZX12 +...+kCHXIn) (C.1)
m

where
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k; is dependent on the selected lightning protection level of the LPS (see IEC 62305-3:2010,
Table 10);

k. is dependent on the lightning current passing into the down-conductors (see

IEC

62305-3:2010, Table 12);

[ is the total or partial length of the air-termination system or the down-conductor from the
point at which the separation distance is to be determined to the closest point of the

equ

ipotential bonding, in metres.

The k. values can be determined as follows, provided the meshing of the air-termination system
is as symmetrical as possible (with a mesh size of, for example, 15 m x 15 m for lightning

protect

ion level III):

1) Thd
2) The

Thd
tha

3) Aft
nun
con

4) Wit

Figure

first step is to establish the shortest path for the lightning current to the earth%&
limit value 1/n is then established (n = number of down-conductors). (]9

current partitioning specified in the following steps is continued untit{}e'value
h the calculated limit value. In that case all further calculations are egﬂvied out us

IimI value.

ystem.

is less
ng this

r its injection into the first node, the lightning current splits ué\&orrespondence to the

I three

25m

hber of conductions. For example k4 = 0,5 for two cond@tions, keq = 0,33 fo
ductions, k.4 = 0,25 for four conductions, etc. N\
h every following node the current (k., ) is reduced (sg\half its value.
C.2 shows an example for the separation dista@alculation.
N\
| Q
)
0,167 Q)$ 1 ram 0,125 ‘
1 , §\ /_ ,
1y = ) 1|
\U
13,12m C)\\C)jr
T,o,sss TTo,zs
05 +8m
SN — " Y a— Y

I ! !  —F

s, =0,04 x (0,333 x 13,12 m + 0,167 x 4,0 m) = 0,2 m

55 = 0,04 x(0,5%6,25m+0,25%13,12m + 0,125 x 4,0m) = 0,28 m

Figure C.2 — Example for the calculation of the separation
distances for lightning protection level lll

IEC
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